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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, tests 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



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 new 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 

sexes 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 little 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 Makila 

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.
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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 life 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 is 

essential to establish a good relationship between the patient 

and the dentist (Seifert et al 1962, Carlsson et al 1967 and



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.



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 likely 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



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.



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



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 1mm 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



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.



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



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 system. 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.

Sch&rer (1968) noted that while very fine oral stereognosis



might be slightly reduced in complete denture wearers, the 

remaining sensory feedback mechanisms of the masticatory system 

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 Siirili (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.



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).



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 lost, 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 the 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 is 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 not 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:



”(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 them.

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

functions of the tongue, lips 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:

(i) 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



However, he had to "condition" all patients prior to impression 

taking. This involved making sure their nutrition was adequate 

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 used 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 lips 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 lingually 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, lips 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 is 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 approximate 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:

(i) 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 

patients mouth, but instead they made use of their biometric
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guides for positioning the artificial teeth. According to them, 

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 Hedeg&rd (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 lingual 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

simplification 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 lingual 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 lingual 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 manoeuvre 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



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 likely 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.



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 

jaw. 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



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 ligament, 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.



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 environment. This environment which is created by the 

forces between the tongue, lips and.: 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 

influences 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.



2.3.4 NEURO-MUSCULAR ACTIVITY

Forces exerted by the tongue and perioral musculature are of 

importance to the 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



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 ill 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 them. She was unable to do so. This 

illustrates a most important factor in adaptation to an 

environment, that of learning and "unlearning".



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:

(i) 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),



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



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).



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 lingual 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.



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 lingual 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 lingual 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



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 lingual 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 complete 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
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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 the 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.



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



clinical examination, which was thought likely 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 upper 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 long 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



Fig 4.1 Test-forms showing shapes and surfaces

Fig 4.2 Plaster of Paris models of the test-forms.



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 Hedegard (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 perspex 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 scribed 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



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 sheet. 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



Fig 4.3 The test-pieces for testing oral motor ability. 

These were numbered 1-5  from left to right.



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 also 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



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 (OS)

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 OS 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



psychiatrist who used the Clinical Interview Schedule (CIS) 

(Goldberg et al 1970). This is a scale which is used 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.



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.



Fig 4.4a Mark I prototype transducer mounting.

Fig 4.4b Mark II prototype transducer assembly 
mounted on test rig.



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 beams, 

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. This 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 0.5mm were cut from spring steel. Two 

strain gauges were cemented on one surface of each beam, 

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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Fig 4.5 Strain-gauges cemented onto transducer beams.



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 beams. 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 beam.

The system was therefore modified by using tubes fixed to the 

veneers to join them to the underlying beams. At this stage it 

had been decided to employ metal veneers to reduce bulk and



Fig 4.6 Double beam assembly mounted in test rig 
with test flange.

Fig 4.7 Buccal and lingual arrangement of six finger 
springs in dentate individual (pilot study: in 
principal study all the wires were enclosed)



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 the 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 

reduced 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 linearity of the transducer in practice was 

therefore probably less than indicated by the point loading 

study. A pilot study in two dentate individuals using buccal 

and lingual arrangements of six finger springs confirmed this 

view with 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 functional impressions

Upper and lower primary impressions were made of each subject’s 

mouth using impression compound and irreversible hydrocolloid 

impression materials respectively. Casts were poured using 

class 1 dental stone* find 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 jaw 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



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 tfpho-weeM several 

times, to suck and swallow and then allowed to open and close 

into occlusion and to read aloud. These exercises 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



A. Buccal index
IS. Cross section of edentulous space. 
&. Lingual index 
S . Duplicate of master cast 
£ . 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. 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 lingual 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, lingual



Fig 4.10 Master profile cast: a replica of the master 
cast and functional impression.

Fig 4.11 Master profile cast inverted on a sheet of acrylic 
resin to establish the reference plane.



and occlusal indices. These were required, firstly, to form the 

surfaces in metal, and secondly, to enable the metal components 

to be assembled in their correct relationships. 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



Fig 4.12 Sectioned cast fixed to the acrylic resin 
reference block.

Fig 4.13 Sectioned cast and reference block mounted 
on reference plate.



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 onto 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



Fig 4.14 Profilometer with the cast on the adjustable 
table for scanning.



horizontal reference table of the profilometer.

4.3.2.2.1 Profilometer

The profilometer is a custom built contour analyser constructed 

around a stout metal frame, supporting various components. 

Level with the base of the frame is a sliding platform which 

moves posteriorly in the "ZM 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 is automatic under microprocessor control, with the 

pointer being brought to the specimen surface at each increment 

and the "X" and "Y" co-ordinates fed to an analog output. At 

the end of the predetermined scan width, the pointer is returned 

to zero until another scan is initiated.
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4.15 Diagrammatic representation of the equipment used 
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 "XM and MYM 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 

dropped 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 11mm 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.



Fig 4.16 Framework showing metal bases with vertical 
fins and beam support columns.

P



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 

horizontal platforms of wax, lxl cm were made as sites for beam 

support columns for flange-bearing beams and strain-gauge beams 

(Fig 4.16).

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 II)* 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 Duralay 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



Fig 4.17 Cast metal bases and occlusal tables.

Fig 4.18 Cast metal flanges fixed on their indices.



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 flanges 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 1mm apart. The distance between



Fig 4.19 Framework showing cast metal bases and 
flanges. Plaster indices indicate limits of the 
space available for beams.



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 overall 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 Construction 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 beam 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 lingual 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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Fig.4.20(a): Sequence of flange-bearing beam construction.

A B C B A

A. Strain-gauge beam suspension points

B. Flange-bearing arms

C. Beam support btade

D. Width of me beam.

Fig.4.2 0 (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 beam 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 indentation 

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 beam. 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 beams

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

1. Metal flange

2. Support tube

3. Flange bearing beam 

4: Support pin

5: Support retaining washer 

6: Strain gauge beam

C

C: Exploded components.

Fig.4.21: Diagramatic representation of complete assembly 

of flange bearing beam and strain guage beam.
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Fig 4.22 Spring-loaded mounting jig with strain-gauge 
cemented to the beam (a).



from the flange assembly. It was then adjusted to give an 

optimal length on each side of the beam support column. Each 

arm of these strain-gauge beam was of equal length. Scribed 

marks were made to ensure positive relocation after the strain- 

gauges had been attached (Fig 4.21).

The surface of the beam in the region selected for the site of 

the gauge was abraded with 800 silicon carbide paper, and 

thoroughly cleaned with tri-chloro-ethane liquid*

Fly leads constructed from conductor cable* were soldered to the 

gauge contacts, using a thermostatically controlled miniature 

soldering iron*. The strain-gauge backing was then lightly 

abraded with 800 grade silicon carbide paper find cleaned as 

above.

Two strain-gauges were cemented to the outer surface of each 

strain-gauge beam, equidistant from the beam support column and 

parallel to its long axis.

Mounting was done with slow setting epoxy resin, care being 

taken to exclude the possibility of air inclusion between the 

gauge surface and the beam. The assembly was then placed in 

the spring-loaded mounting jig in a dry heat oven for six hours
oat 60 C (Fig 4.22). For water-proofing and insulation the 

gauges were sprayed with a PVC coating*.

The exposed pins protruding from the tubes soldered to the



Transverse slot for adhesive composite material

Beam support column

Strain gauge beam

Flange bearing beam

Fig.4.23: Strain gauge and flange bearing beams located and 

fixed in central beam support column.



flange were next adjusted to just contact the strain-gauge beam.

This procedure was repeated for the other three beams.

4.3.3.3 Mounting of the beams

The assemblies including the occlusal tables were then tested 

for freedom of action to ensure that the strain-gauge beams 

would operate freely together and independently with their 

associated flanges.

Each beam was located in a slot in the beam-support column. 

Using a small rose head tungsten carbide bur, a depression was 

cut into each beam where it passed through the support column. 

This was enlarged to create a transverse slot across the top of 

the support column, into which composite filling material could 

be packed to secure the beams. This mounting proved secure but 

allowed the beams to be removed if required (Fig 4.23).

4.3.3.4 Position of the strain-gauges

In all there were eight strain-gauges attached to the four 

strain-gauge beams: four on the left and four on the right

saddleareas, four positioned anteriorly and four posteriorly. 

Thus it was then possible to record all eight channels 

simultaneously.

When positioning the beams, due attention was given to the need



Fig 4.24 Test denture with wiring emerging from mesio-buccal 
perephery of the buccal flanges.
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of the individual fly leads to pass across the framework base 

and collectively emerge through a space created on the mesio- 

buccal periphery of the buccal flanges. Care was also taken to 

ensure that the leads did not impede the action of the 

individual beams.

At the point of emergence, the leads were grouped together in a 

tube of heat shrinkable sleeving*. This served to protect and 

control the very fine wires (Fig 4.24).

4.3.3.5 Recording system

The two groups of leads were fed from the corners of the mouth 

to an adjacent resistance network which was constructed using 

high stability resistors* to form a Wheatstone Bridge circuit. 

This was connected to a transducer meter* and thence a Microlink 

data logger which consisted of a high speed clock and AD inter

face. This was connected to an Apricot PC micro-computer via an 

IEEE 488 interface which allowed for simultaneous recording of 

the eight channels (Fig 4.25). Data was collected at an 

interval of 2ms from the analog input module AN 16-32 which was 

controlled by the high speed clock.

4.3.3.6 Construction of the plastic veneers

The plastic veneers were pressure-formed using a standard Drufo- 

mat pressure-forming machine*. 1mm thick Drufolon sheeting* was 

used and pressure-formed to the original master cast of the



functionally formed impression. The waste area of the sheet was 

carefully cut in each case so as to reproduce the original out

line of the test area. Three veneers of 1mm thickness were made 

for all the four surfaces for each subject.

4.3.3.6.1 Attachment of the veneers

The veneers on the subject’s denture were attached by wetting 

the two surfaces with Peripheral Seal* liquid and the edges 

sealed with a thin mix of the same material, ensuring a smooth 

surface. The veneers on the test dentures were attached to the 

metal flanges by just wetting the two surfaces with the liquid 

and holding them together till set.

4.3.4 CALIBRATION

4.3.4.1 Calibration of the prototype transducer

Calibration of the transducers was done with standard weights in 

random order on different sites of the metal plate. A jig was 

constructed to support the transducer assembly with mounted 

metal plate. This was bolted on an acrylic block. A metal 

pointer with a flat circular plastic table passed through the 

horizontal arm of the jig. The standard balance weights were 

placed on the plastic table for loading the metal plate. 

Fifteen sites were chosen. A load range of 0-200gms was used 

since pilot studies had suggested that this range would include
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Fig 4.26 Linearity of the a double beam assembly



all forces used during all functional activities with dentures 

in the mouth. Loads were applied with weights in ascending and 

descending series at intervals of 20gms up to 200gms (1.98N) and 

the displacement recorded on the trace. The amount of strain 

indicated was plotted graphically to show the relationship 

between the strain and the load on the beams. This showed a 

substantially linear response (Fig 4.26).

The sites tested on the metal plate

4.3.4.2 Calibration of the test denture

Having determined the linearity of the beams, the test dentures 

were calibrated, before and after each complete set of records. 

For calibrating buccal surfaces, the test dentures were mounted 

on plaster platforms (Fig 4.27). The readings were noted on the 

transducer meter before loading and with a load of 300gms on the 

transducers. In this way the range of the recording system was 

set.

For the lingual surfaces the test dentures were placed on the 

master cast and bolted on to the vertical arm of the jig.



Fig 4.27 Calibrating buccal surface of the test denture.

Fig 4.28 Calibrating lingual surface of the test denture.



A wire loop was fashioned to rest at one end on the lingual 

support pin; the other end provided a hook to hold the weights 

(Fig 4.28). All eight transducers were calibrated before and 

after any testing had been done to confirm the reproducibility 

of the zero point and the absence of negative values. There was 

no evidence of lack of recovery of the beams to suggest perma

nent distortion or adhesive failure between strain-gauge and 

substrate.

4.3.4.3 Thermal analysis of the gauges

The strain-gauges used were temperature compensated, and the 

effectiveness of this was confirmed by placing the installa

tion in a water bath heated from 24.5 °C to 37.5°C. This showed 

a linear shift of the base-line which amounted to 1% over the 

range tested. As the temperature of the gauges would have 

fluctuated less during the experiment (Arikat 1986), this 1% 

variation could be regarded as negligible.

4.3.5 CONSTRUCTION OF THE HEAD GEAR

Ordinary frame from the industrial protective head gear was 

used. This was modified, and on one side was fitted with a two- 

axis electronic goniometer. This consisted of two rotary 

potentiometers, the shafts of which were connected to pendulums. 

The potentiometers were connected into Wheatstone Bridge 

circuits connected by C56 transducer meters in the same housing





as those for the force transducers (Fig 4.29). These enabled 

measurement of head-angulation in degrees. The base-line being 

when the upper occlusal plane was parallel to the horizontal, 

antero-posteriorly and laterally.

4.3.6 TESTING PROCEDURE

The subjects were given the new upper and lower dentures and 

minor adjustments, if any, were made. The study then commenced 

six weeks later to allow for any denture-related complaints 

during that period to be corrected and the subject made 

comfortable.

On the day of testing the subjects were seated in a relaxed, 

comfortable and fully supported upright position and the entire 

test procedure explained.

For head angulation a head gear with two-axis electronic 

goniometer was placed on the subject’s head to monitor the head
O'position. Two positions were selected, upright i.e 90 and 

forwards i.e 45* in relation to the horizontal plane, but with 

no lateral tilting of the head.

The subjects were requested to remove their lower dentures and 

the denture carrying the transducers (test dentures) inserted. 

An accommodation period of twenty minutes was allowed between 

the placement of the test denture, and the collection of the 

data to permit familiarisation with the connecting wires.



4.3.6.1 Test exercises

The experiment involved asking the subjects to perform a 

sequence of rehearsed exercises i.e read, suck, chew and swallow 

The exercises were as follows

In the first exercise the subject was asked to read a standard 

sentence which had all the letters of the alphabet, "the quick 

brown fox jumps over a lazy dog". This was done five times with 

a swallow at the end of the sentence.

For the second record the same was repeated with the head tilted 

forwards.

For the third record, a sucking and swallowing type of exercise 

was introduced which consisted of drinking 20cc of water at room 

temperature through a straw in five sucks and five swallows.

The same was repeated for the fourth record with the head 

forwards.

For the fifth record, the subject was asked to simulate chewing 

movements with five swallows in an upright position only.

For the sixth record the subject was asked to remain relaxed in 

an upright position with the mouth closed but teeth just apart.

In all recordings each activity was repeated five times to



evaluate the repeatability of the values obtained.

4.3.6.1.1 Regimen of testing

Weeks Action Veneer thickness

0 Calibration. Insertion and recordings Omm
from the test denture. Recalibration.

2 Calibration. Insertion and recordings Omm
from the test denture. Recalibration.
Add 1mm thickness to the veneer. 1mm
Recalibration, insertion and recordings 
from the test denture. Recalibration.

4 Calibration. Insertion and recordings 1mm
from the test denture. Recalibration.
Add another 1mm thickness to the veneer. 2mm
Recalibration, insertion and recordings 
from the test denture. Recalibration.

6 Calibration. Insertion and recordings 2mm
from the test denture. Recalibration.
Add another 1mm thickness to the veneer. 3mm
Recalibration, insertion and recordings 
from the test denture. Recalibration.

8 Calibration. Insertion and recordings 3mm
from the test denture. Recalibration.
Removal of all the veneer thicknesses. Omm
Recalibration, insertion and recordings 
from the test denture. Recalibration.

10 Calibration. Insertion and recordings Omm
from the test denture. Recalibration.

These ten sets of records were repeated for each subject, over a 

period of 10 weeks at intervals of two weeks.

The readings were recorded simultaneously on all eight 

channels and were stored in the micro-computer.

The first recording was made without any modification to the



Fig 4.30a Gauge showing the thickness of the three 
plastic veneers joined together.

Fig 4.30b Thickness of the single plastic veneer.



conventional or test denture. After two weeks the recordings 

were made on the unmodified dentures and on the same visit 1mm 

thick plastic veneers were added to all four surfaces of both 

the conventional and test dentures and the recordings repeated. 

After two weeks recordings were again made, and a further 1mm 

thickness added to the veneers. New recordings were then made. 

This was repeated two weeks later when the veneers were 3mm 

thick. On each visit the subjects were allowed to go home 

wearing their modified dentures.

After two weeks with 3mm thickness, recordings were made, and 

then all veneers were removed and recordings made on the 

unmodified original contoured dentures. On the final visit

after two weeks another recording was made with the unmodified 

denture. In all, 10 recordings of six sets of exercises were 

made for each subject.

The test dentures were calibrated before and after each set of

measurements.

On the final visit when all the veneers were removed they were 

measured to confirm their thickness (Fig 4.30a and b).

In order to minimise the effect of day-to-day variation on the 

results, the subjects were investigated as far as possible at

the same time of the day on the same day of the week.



4.3.6.2 Reproducibility of the testing technique

In an effort to establish the reproducibility of the technique, 

in one subject records were obtained in each of the four areas 

during rest and functional exercises on two different occasions. 

Each series of exercises was repeated twice. After the series 

of exercises had been completed the test denture was removed 

from the mouth and recalibrated. After an interval of two hours 

the denture was recalibrated and the entire series was again 

repeated.

The results indicated that the technique produced repeatedly 

consistent records on these two occasions.



5 RESULTS

5.1 ORAL STEREOGNOS1S AND ORAL MOTOR ABILITY

The results for oral stereognosis and oral motor ability 

presented in tables 5.1 to 5.4b.



Table 5.1: Mean ages (years) of Dentate (D) and
Denture-wearing (DW) groups

GROUPS SUBJECTS FEMALES MALES
No Age Mean No Age Mean No Age Mean

D 17 19-51 31.0 15 19-51 28.2 2 30-37 33.5
D.W 16 39-82 65.0 12 39-82 62.9 4 66-81 74.7

Table 5.2: Stereognostic Test: Scores for Dentate
and Denture-wearing subjects

SUBJECTS STEREOGNOSTIC SCORES

D (17) DW (16)

1 6 3
2 8 7
3 5 2
4 4 3
5 4 4
6 2 2
7 4 3
8 8 3
9 5 3
10 5 1
11 5 2
12 2 1
13 6 3
14 1 2
15 5 1
16 6 6
17 6



Table 5.3: Stereognostic Test: Recognition of test-foras
by Dentate and Denture-wearing subjects

Series No Test-
forms

Dentate
(17)

D.W
(16)

1 □ 13 6

I 2 B 12 2

3 H 5 2

4 O 13 9

II 5 9 5

6 D 8 2

7 Q 4 4

III 8 D 9 6

9 $ 6 4



Table 5.4a: OMA Test: Mean Time taken by Dentate and
Denture-wearing subjects to assemble the 

test-forms

DENTATE
(17)

D.W
(16)

Test-
forms

Time (minutes)
^3 49 43 n<6 49

o
□

16 0 1 14 0 2

17 0 0 11 3 2

16 0 1 9 5 2

16 0 1 9 5 2

16 0 1 8 3 5

Table 5.4b: OMA Test: Mean Time taken by Dentate and
Denture-wearing subjects to assemble each 

test-form. Times grouped as indicated

DENTATE
(17)

D.W
(16)

Test-
forms

Time (minutes)
41 42 43 41 42 43

on
 m_

16

16

12

11

10

12

6

2

1

0



5.2 REPRODUCIBILITY OF FUNCTIONAL IMPRESSION TECHNIQUE

In section 4.3.2.2.1.1 is described the recording of sixty 

points for each profile. The recordings were derived from six 

separate impressions of the neutral zone which were recorded 

from each of the three subjects. These points were used in all 

the following work.

The cross-sectional areas of the casts were calculated by using 

the formulae shown in Figs. 5.3 and 5.4b. Fig 5.4a illustrates 

some of the important points on a cast prepared for mounting and 

scanning on the profilometer.

The tables 5.5 to 5.16 show the cross-sectional areas of the six 

profiles of the functional impressions of the neutral zone in 

three subjects (S, H and W). Tables 1 to 13 (appendix I) show 

the mean and standard deviation of the six measurements of one 

point on the buccal or lingual surface of the functional 

impression of the neutral zone in the same three subjects. The 

level of the recordings is indicated by the profile number 

moving from the occlusal surface towards the mandibular sulcus. 

The points selected at each level move antero-posteriorly at 

intervals of 0.5mm.



W1 = Width of the buccal surveyed section
AB = Buccal reference plane
CD = Lingual reference plane
EF = Central plane through the cast
6H = Level of the most buccal point recorded on the

buccal surface of the cast 
IJ = Level of the most lingual point recorded on the

buccal surface of the cast 
KL = Level of the most buccal point recorded on the

lingual surface of the cast 
MN = Level of the most lingual point recorded on the

lingual surface of the cast 
W2 = Width of the lingual surveyed section
a = Area between AB and the buccal contour of the cast

over width W1 at level recorded 
b = Area between the buccal contour of the cast and IJ

at level recorded over width W1 
c = Area between IJ and EF over width W1
d = Area between KL and EF over width W2
e = Area between the lingual contour of the cast and KL

over width W2
f = Area between CD and the lingual contour of the cast

over width W2 at level recorded

Note: W1 and W2 vary with level of recording. They are measured
as the number of the recorded readings x 0.5mm as the 
contours were plotted at 0.5mm intervals.
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Fig 5.3 Schematic plan of the cast under investigation.



A: The buccal surface of the cast 
B: The lingual surface of the cast 
a: The most lingual point recorded 
b: The most buccal point recorded

Fig 5.4a Line diagram showing salient points on a cast 
prepared for mounting on a profilometer.



All planes are parallel to the central plane 

N = Number of recorded points
N1 = Number of recorded points on the buccal surface 

of the cast
N2 = Number of recorded points on the lingual surface 

of the cast
J = Most lingual point recorded on the buccal surface 

of the cast
L = Most buccal point recorded on the lingual surface 

of the cast
51 = Sum of the readings at 0.5mm interval along the

buccal contour in raw units
52 = Sum of the readings at 0.5mm interval along the

lingual contour in raw units 
00 = Arbitrary buccal zero plane of the recording system
0*0*= Arbitrary lingual zero plane of the recording system 
BD = Distance between the buccal and the lingual reference 

plane 
JL = BD-(BJ+LD)

JF=FL
Area b =  N1 x 0 . 5  x B J  - SI x 0 . 5
Area e = N2 x 0.5 x D L  - S2 x 0.5
Area c = N1 x 0.5 x JF
Area d = N2 x 0.5 x FL
Area of buccal segment = b + c
Area of lingual segment = d + e

Fig 5.4b Schematic plan and formulae to calculate the 
cross-sectional areas of the casts.



TABLE 5.5: CROSS SECTIONAL AREAS (mm2 ) OF THE LEFT BUCCAL SEGMENTS
OF CASTS S1-S6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 45 45 41 36 35 26

S 1 150.74 163.41 147.04 125.89 117.07 79.22
S 2 146.77 158.41 144.83 127.40 115.81 78.06
S 3 148.69 153.75 136.13 122.10 111.91 76.17
S 4 148.97 163.56 145.98 126.84 117.17 80.28
S 5 148.71 154.17 134.49 117.74 111.42 77.49
S 6 145.11 153.97 135.34 118.37 110.25 76.32

X 148.16 157.88 140.63 123.06 113.92 77.92
S.D 1.95 4.67 5.87 4.29 3.07 1.61

Coeff.var 1.31% 2.95% 4.17% 3.48% 2.69% 2.06%

Coefficient of variation= 2.77%

TABLE 5.6: CROSS SECTIONAL AREAS ( m m 2) OF THE RIGHT BUCCAL SEGMENTS
OF CASTS S1-S6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 51 51 51 49 38 28

S 1 175.73 182 12 183.44 179.44 128.74 82.59
S 2 164.92 169.40 171.64 174.74 126.43 85.00
S 3 164.73 170.02 171.29 174.26 127.33 87.74
S 4 166.51 182.58 184.61 182.62 136.04 88.19
S 5 168.59 171.40 174.45 176.21 126.15 84.87
S 6 166.71 177.44 183.97 184.74 134.14 87.29

X 167.87 175.49 178.23 179.67 129.81 85.95
S.D 4.10 6.03 6.43 4.33 4.23 2.16

Coeff.var 2.44% 3.69% 3.60% 2.40% 3.25% 2.51%

Coefficient of variations 2.98%



TABLE 5.7: CROSS SECTIONAL AREAS (mm2 ) OF THE LEFT LINGUAL SEGMENTS
OF CASTS S1-S6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 52 49 53 52 48 48

S 1 239.03 192.37 202.44 185.40 160.72 170.45
S 2 239.04 188.38 200.96 189.82 165.54 174.84
S 3 236.35 189.62 203.59 190.30 165.19 170.08
S 4 233.54 186.44 193.15 186.23 158.90 169.36
S 5 230.69 187.71 200.62 183.26 160.07 174.37
S 6 231.06 187.27 202.01 186.78 160.77 173.52

X 234.94 188.62 200.46 186.96 161.86 172.10
S.D 3.76 2.12 3.74 2.68 2.79 2.40

Coeff.var 1.60% 1.12% 1.86% 1.43% 1.72% 1.39%

Coefficient of variation= 1.52%

TABLE 5.8: CROSS SECTIONAL AREAS (mm2 ) OF THE RIGHT LINGUAL SEGMENTS
OF CASTS S1-S6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 57 57 57 49 49 49

S 1 225.49 204.96 200.12 157.09 170.61 191.28
S 2 228.53 207.83 201.95 157.21 171.14 190.82
S 3 229.65 205.70 204.82 162.29 173.18 191.55
S 4 229.43 204.57 202.78 155.72 170.07 193.12
S 5 225.85 208.50 199.62 160.98 169.44 191.30
S 6 227.17 202.22 200.25 158.82 169.73 191.30

X 227.68 205.63 201.59 158.29 170.69 191.40
S.D 1.79 2.29 1.99 2.76 1.36 0.95

Coeff.var 0.78% 1.11% 0.98% 1.74% 1.79% 0.49%

Coefficient of variation= 0.98%



TABLE 5.9: CROSS SECTIONAL AREAS (mm ) OF THE LEFT BUCCAL SEGMENTS
OF CASTS H1-H6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 30 30 30 30 20 15

H 1 144.29 149.31 150.55 150.06 97.13 68.89
H 2 127.30 130.37 133.26 136.25 84.68 64.19
H 3 139.41 145.93 149.80 147.92 98.52 67.37
H 4 143.69 149.97 150.40 147.57 93.21 65.42
H 5 139.62 143.06 146.06 148.41 96.92 68.62
H 6 139.68 146.92 148.56 149.82 95.32 68.16

X 138.99 144.26 146.44 146.67 94,30 67.11
S.D 6.13 7.24 6.66 5.20 5.04 1.89

Coeff.var 4.41% 5.01% 4.54% 3.54% 5.34% 2.81%

Coefficient of variation= 4.27%

TABLE 5.10: CROSS SECTIONAL AREAS ( m m 2 ) OF THE RIGHT BUCCAL SEGMENTS
OF CASTS H1-H6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT 

INTERVAL OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 41 41 37 33 28 21

H 1 165.85 170.89 172.44 160.39 136.83 97.11
H 2 158.49 163.54 161.82 148.37 128.83 85.28
H 3 177.52 181.34 166.61 149.42 130.49 93.74
H 4 174.34 176.53 158.24 147.47 126.88 84.71
H 5 171.09 181.06 168.37 153.28 129.49 97.03
H 6 159.79 162.59 156.29 148.41 121.42 84.90

X 167.84 172.65 163.96 151.22 128.99 90.46
S.D 7.78 8.34 6.23 4.93 5.01 6.14

Coeff.var 4.63% 4.83% 3.79% 3.26% 3.88% 6.78%

Coefficient of variation= 4.52%



TABLE 5.11: CROSS SECTIONAL AREAS (mm2 ) OF THE LEFT LINGUAL SEGMENTS
OF CASTS H1-H6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT 

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 51 54 54 54 53 43

H 1 156.34 146.91 140.14 148.93 162.16 139.79
H 2 155.29 157.08 141.25 148.37 160.44 141.45
H 3 142.07 153.34 142.20 152.42 167.32 148.13
H 4 146.76 159.69 156.43 149.60 160.42 137.85
H 5 152.12 165.47 146.53 149.40 164.30 137.95
H 6 160.31 147.15 149.88 149.88 163.92 141.29
X 152.15 154.94 145.31 149.93 163.09 141.07

S.D 6.70 7.29 6.07 1.34 2.64 3.78
Coeff.var 4.40% 4.70% 4.17% 0.89% 1.61% 2.67%
Coefficient of variations 3.07%

TABLE 5.12: CROSS SECTIONAL AREAS (mm2 )OF THE RIGHT LINGUAL SEGMENTS
OF CASTS H1-H6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT 

INTERVALS OF 0.5mm.

PROFILE^ PROFILE PROFILE PROFILE PROFILE PROFILE
1 * 2 3 4 5 6

RECORDED
READINGS 45 45 40 39 29 21

H 1 95.99 134.59 107.88 114.51 89.76 77.16
H 2 82.78 130.48 109.05 115.25 86.99 68.34
H 3 83.00 124.05 108.47 116.73 90.02 72.37
H 4 93.17 130.38 106.35 106.67 79.25 68.22
H 5 94.06 131.70 112.52 113.44 80.39 66.30
H 6 99.25 128.32 105.71 112.77 88.38 71.50
X 91.37 129.92 108.33 113.22 85.79 70.64

S.D 6.89 3.53 2.41 3.50 4.76 3.90
Coeff.var 7.54% 2.71% 2.22% 3.09% 5.54% 5.52%
Coefficient of variations 4.43%



TABLE 5.13: CROSS SECTIONAL AREAS (mm )OF THE LEFT BUCCAL SEGMENTS
OF CASTS W1-W6 AT PROFILE LEVELS 1-6,READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 53 51 48 43 36 26

W 1 194.97 217.79 207.85 207.99 175.54 109.14
W 2 180.88 203.11 203.24 198.92 160.55 111.11
W 3 182.03 201.81 198.25 199.07 158.27 107.82
W 4 179.98 193.52 198.19 202.69 158.30 108.09
W 5 192.09 218.51 216.34 209.07 165.66 111.71
W 6 203.45 212.07 206.48 200.16 161.69 112.15

X 188.90 207.80 205.05 202.98 163.33 110.00
S.D 9.48 9.94 6.83 4.51 6.57 1.89

Coeff.var 5.01% 4.78% 3.30% 2.22% 4.02% 1.71%

Coefficient of variation= 3.50%

TABLE 5.14: CROSS SECTIONAL AREAS (mm2 ) OF THE, RIGHT BUCCAL SEGMENTS
OF CASTS W1-W6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT 

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 56 56 50 44 37 28

W 1 168.79 200.19 197.60 174.49 140.15 98.46
W 2 183.56 207.58 204.50 171.19 140.77 101.12
W 3 159.68 200 56 202.64 168.30 135.91 94.89
W 4 170.57 198.75 197.85 177.81 144.00 97.20
W 5 182.40 207.71 210.67 176.62 137.14 94.84
W 6 185.92 209.49 201.80 182.70 148.52 100.39

X 175.16 204.04 202.51 175.18 141.08 97.82
S.D 10.39 4.70 4.83 5.08 4.62 2.67

Coeff.var 5.93% 2.30% 2.38% 2.89% 3.27% 2.72%

Coefficient of variation= 3.24%



TABLE 5.15: CROSS SECTIONAL AREAS (mm2) OF THE LEFT LINGUAL SEGMENTS
OF CASTS W1-W6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 44 57 57 57 57 57

W 1 111.74 165.57 163.98 167.68 177.72 180.42
W 2 107.28 152.60 157.66 155.55 159.55 177.11
W 3 104.13 143.07 144.58 153.22 164.11 177.98
W 4 108.36 162.61 160.21 167.08 171.11 188.28
W 5 106.32 149.63 147.35 160.74 159.44 166.96
W 6 108.47 160.93 154.95 151.59 166.88 179.04

X 107.71 155.73 154.79 159.31 166.47 178.29
S.D 2.53 8.70 7.50 6.97 7.08 6.85

Coeff.var 2.34% 5.58% 4.84% 4.37% 4.25% 3.84%

Coefficient of variations 4.18%

TABLE 5.16: CROSS SECTIONAL AREAS (m m 2 ) OF THE RIGHT LINGUAL SEGMENTS
OF CASTS W1-W6 AT PROFILE LEVELS 1-6, READINGS TAKEN AT

INTERVALS OF 0.5mm.

PROFILE PROFILE PROFILE PROFILE PROFILE PROFILE
1 2 3 4 5 6

RECORDED
READINGS 56 56 56 56 49 44

W 1 209.82 227.45 242.83 256.79 233.10 226.11
W 2 192.41 214.63 244.61 258.02 242.26 239.28
W 3 209.09 238.67 251.98 266.44 252.37 242.10
W 4 212.70 221.62 235.17 250.56 245.48 232.10
W 5 212.31 227.45 249.95 269.65 248.28 234.95
W 6 204.72 220.10 239.11 250.94 243.07 229.60

X 206.84 224.91 243.94 258.73 244.09 234.02
S.D 7.62 8.26 6.36 7.87 6.53 5.9

Coeff.var 3.68% 3.67% 2.60% 3.04% 2.67% 2.52%

Coefficient of variations 3.03%



5.3 INTRA-ORAL FORCE MEASUREMENTS

The results obtained required the analysis of 2400 graphs. As 

it was impractical to present these raw data they have been 

summarised and presented as a series of tracings, charts and

tables.

The data are presented in three ways.

1. Typical tracings are shown and described. This is referred 

to as qualitative analysis.

2. Grouped data based on measurement of significant features 

of the graphs presented in the form of bar charts. This is 

referred to as quantitative analysis.

3. Statistical analysis of those features of the findings

where there were enough data to justify this approach.

This is referred to as statistical analysis.

The tracings represent the raw data. All measurements used for 

the quantitative and statistical analyses have been placed in 

Appendix II.

5.3.1 PEAK IDENTIFICATION

Swallowing exercises always produced a distinct wave of

increased force, so the swallowing pattern could be



differentiated from preceding and subsequent activities without 

difficulty. Similarly the reading exercise produced consistent 

patterns that were clearly identifiable.

The sucking and chewing exercises were much more difficult to 

interpret. It was not possible to mark the chart while the 

exercise was in operation. Identification of force peaks was 

only possible by close observation of the subject coupled with 

close study afterwards.

5.3.2 QUALITATIVE ANALYSIS

The results of qualitative analysis have been presented in Figs. 

5.15 to 5.32. The soft-ware program used automatically produces 

the "best-fit" scale for the y-axis, so Fig 5.15 to 5.32 have to 

be examined with that in mind. The force units (y-axis) are 

shown in grams. These were converted into Newtons for the 

quantitative and statistical analyses. The horizontal axis is 

scaled in seconds.
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t h e  u p r i g h t  p o s i t i o n .



5.3.3 QUANTITATIVE ANALYSIS

From the visual qualitative analysis it was apparent that all 

the subjects displayed similar patterns of muscular activity. 

The subjects were therefore grouped together for examination of 

all the activities and other variables tested i.e the head 

angulation, time-interval, flange thickness and location. The 

results have been presented in charts 5.1 to 5.12.

The abbreviations presented in the charts represent the

following data:

y-axis : Force (N) = Newtons
x-axis : Additional flange thickness (mm)
Omm -3mm: Thickness of the veneers from original thickness to 

3mm over the original thickness 
D1 : First day of the recording of the intra-oral force

measurements at the particular flange thickness 
D14 : Recording of the intra-oral force measurements after

two weeks use of the particular thickness
Upright : Recording of the intra-oral forces with the head in

the upright position 
Forward : Recording of the intra-oral forces with the head in 

the forward position 
MSwF : Mean swallowing force
MRF : Mean reading force
MSuF : Mean sucking force
MAF : Mean activity force

All the means are of all the readings on all the subjects under

the conditions stated.
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5.3.4 STATISTICAL ANALYSIS

5.3.4.1 Introduction

Given the experimental design it seemed likely that a number of 

variables would affect the mean force measured during the 

different activities. It was thus necessary to use multivariate 

statistical methods to determine which variables were relevant, 

since they might have been correlated, and to determine the 

magnitude of any effects discovered. A stepwise multiple linear 

regression method was employed (Armitage and Berry 1987).

The linear regression method is based around correlations of 

variables. The correlation coefficient (or r-value) measures 

the degree to which two variables are correlated. It produces a 

number between 0, for no corrrelation, and 1, for complete 

correlation (i.e. when one set of values is a simple multiple of 

the other set). As a general rule, to measure the usefulness of 

a relationship from a correlation coefficient, the coefficient 

should be squared. This gives the percentage of the variability 

in one variable that is explained by the other. For example, 

the r-value for lingual:buccal is 0.62, squared, this is 0.38. 

Thus lingual:buccal explains 38% of the variability in the mean 

force values.

Having run the multiple regression, correlations can be produced 

which are adjusted for all other relevant variables. These 

multiple correlation coefficients are presented in Tables 5.17



to 5.19, showing the results of the multiple regression.

The stepwise multiple linear regression method firstly evaluates 

the correlation coefficient of each of the predictor variables 

with the mean force. The variable with the highest correlation 

coefficient is picked out. The linear relationship of this 

variable with the mean force will be such that a new variable 

can be derived, namely:

mean force - a constant K x that predictor variable 

The rest of the predictor variables are then compared with this 

new variable, and their new correlation coefficients derived. 

The procedure is repeated until none of the remaining variables 

show a significant correlation. The significance of the 

correlations found in the linear regression is measured by a T 

statistics.

To ensure that the effects were not different for different 

values of the predictor variables, the regression was re-run 

separately using the sub-group comprising each value. For 

instance, the regression was run initially using lingual v 

buccal as a variable. It was then re-run for just the lingual 

group, and then just the buccal group, to make sure the effects 

were approximately the same in each case. This was done for all 

the predictor variables namely thickness (0mm-3mm-0mm); time- 

interval (day 1 v day 14); head-angulation (upright v forward); 

location (right v left,- lingual v buccal, anterior v posterior). 

No major differences were apparent using this approach, so the 

results are reported for the overall analysis only.
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Extra variables were introduced where necessary to allow for 

inter-subject differences. For each value of the force there 

are specific values for all other variables (thickness, 

lingual/buccal etc.) which are used in the regression. The 

subject from whom each value was derived can be identified. 

This can be introduced as an extra variable, being coded 0 or 1 

for each subject.

5.3.4.2 Results

The purpose of analysis was to try to predict mean force, as 

measured using the following variables:

(i) Activities
(ii) Thickness (0mm-3mm-0mm)
(iii) Time-interval (day 1 and day 14)
(iv) Head-angulation (upright v forward)
(v) Location (lingual v buccal, anterior v posterior, right v 

left).

There were significant inter-patient differences, as shown in 

Fig 5.33, and these were adjusted for in the linear regression, 

by including five variables which were coded as 0 or 1 for each 

of the five subjects as discussed in section 5.3.4.1. Similarly 

five variables were introduced for each of the activities.

The results have been presented in Figs 5.33 to 5.40 and Tables 

5.17 to 5.19.
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Table 5.18 Results for multiple regression analysis for
swallowing

Variables T-ratio Significance Multiple Correlation 
Coefficient (r)

L ingual/buccal 19.3 << 0.0001 0.61
Anterior/post 15.9 << 0.0001 0.54
Thickness (0-3mm) 6.6 << 0.0001 0.26
(Thickness (0-2mm) 8.0 << 0.0001 0.35)
Time-int (dayl/14) 2.6 0.01 0.1

Table 5.19 Results for multiple regression analysis for
all activities

Variables T-ratio Significance Multiple Correlation 
Coefficient (r)

Lingual/buccal 30.9 << 0.0001 0.48
Anterior/post 22.0 << 0.0001 0.36
Thickness (0-3mm) 13.9 «  0.0001 0.24
(Thickness (0-2mm) 13.3 << 0.0001 0.25)
Right/left side 6.8 < 0.01 0.1
Time-int (dayl/14) 5.5 < 0.01 0.1
Head-ang (U/F) 3.2 < 0.01 0.06
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6 DISCUSSION

6.1 INTRODUCTION

The purpose of this investigation has been to examine and 

describe the forces which are applied to saddles of a lower 

denture by the oral musculature.

It was essential to be certain that the techniques used in 

selecting the subjects and in making these test appliances were 

accurate and reproducible.

6.2 PATIENT SELECTION

This study required subjects who were co-operative and willing 

to attend. It was decided to acquire a group of subjects who 

were likely to be adaptable, through stringent testing of oral 

stereognosis and oral motor ability and by psychiatric 

interviews.

6.2.1 ORAL STEREOGNOSIS AND ORAL MOTOR ABILITY

These tests were employed on the potential subjects and the 

results compared with those of Berry and Mahood (1966).
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6.2.1.1 Oral Stereognosis (OS)

In this study 17 dentate subjects and 16 denture wearers 

participated. The tests on the dentate subjects were carried 

out to see if the conduct of these tests was similar to that of 

Berry and Mahood (1966), and then extended to the denture- 

wearing subjects who were part of this study.

All except one of the subjects under 51 years in this study were 

dentate. Although Berry and Mahood did not distinguish between 

the dentate and denture-wearing subjects in the initial part of 

their study, the majority of their subjects under 51 years were 

dentate (Mahood 1989). Fig 6.1a shows that the under 51 age 

group of Berry and Mahood*s subjects had high stereognostic 

scores; Fig 6.1b suggests that the dentate subjects in the 

present study had similarly high scores. However, statistical 

analysis shows that there was a small difference in 

stereognostic scores between the two studies for the under 51 

age group (p=.02, Mann Whitney Test). The mean stereognostic 

scores were 12.85 in the Berry and Mahood (1966) study and 10.35 

in the current study. Therefore it would be safe to state that 

the test was valid.

The older subjects in the two studies did not seem to be 

performing equally well. In contrast to the remark of Berry and 

Mahood that increasing age did not appear to affect performance, 

the subjects being tested did display noticeably low scores 

(correlation coefficient of age v stereognostic score = -.51,
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p <.001). Further more there was also a statistical significant 

relationship in the Berry and Mahood*s study (r = -.25, p

<.004), though not to the extent found in this study. It is 

very likely that the use of the more complicated shapes of 

Hochberg and Kabcenell (1967) and Wright (1981) proved too 

difficult for the older people in the present study. The fact 

that all these subjects were wearing dentures would be expected 

to reduce their perception of shape and surface detail.

Tables 5.1 and 5.2 show the mean ages of all the subjects tested 

and their stereognostic scores. It can be seen that the older 

age group i.e denture-wearers performed much less well than the 

dentate subjects. Although all subjects displayed poorer 

achievements as the test-forms became more difficult, the 

denture-wearers* scores were poorer at all levels (Table 5.3). 

This supports the work of Litvik et al (1971).

6.2.1.2 Oral Motor Ability (OMA)

These test-forms were also augmented and used on dentate 

subjects to evaluate them and the method of use. It was clear 

from Figs 6.2a and 6.2b that oral motor ability declined with 

age (r =.57, p <.001). Figs 6.2a and 6.2b also demonstrate that 

the subjects examined by Berry and Mahood and the subjects of 

the present study performed similarly (p=.80 (NS) Mann Whitney 

Test, p=.99 (NS) when adjusted for age). The presence of better 

scores in some of the older subjects of the 1966 study can be 

explained by the fact that many of these subjects were dentate



(Mahood 1989). None of the older subjects in the present study 

was dentate.

Table 5.4a presents the times taken to assemble the OM test 

pieces. It can be seen that the dentate group performed well in 

all the tests but in the other group the time taken increased 

with the complexity of the assembly.

It was decided to examine more closely the performances of all 

the subjects who completed the assembly in three minutes or 

less. Table 5.4b shows that the overall performance of the 

dentate subjects was very much better than that of the denture- 

wearing group. However, the majority of the subjects in the 

denture-wearing group assembled the simpler test-forms in a 

minute or less. As the complexity of the assembly increased, a 

longer time was required.

Two subjects in the denture-wearer group failed to complete the 

OM tests and were given a score of nine minutes. The most 

likely reason was that they were both over 80 years of age. 

Another subject of over 80 performed very poorly, and though he 

did not abandon the test he eventually got very tired and bored. 

This suggests that age does affect the ability of some subjects 

to assemble test-forms. This study produced similar findings to 

those of Berry and Mahood (1966) and therefore was used to 

assess oral motor ability and to exclude potential subjects with 

high scores.
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6.2.1.3 Patients9 comments

Many subjects reported that oral stereognosis depended on the 

tongue and that the palate functioned mainly as a rigid surface 

against which the tongue could manipulate the test-forms. This 

agrees with the study of Grossman (1964), who noted that lingual 

anaesthesia reduced oral stereognosis considerably. It also 

supports the study of Hochberg and Kabcenell (1967), that oral 

forms and oral manipulation procedures are performed largely in 

the anterior part of the mouth, between the tongue and the front 

of the palate.

Some of the subjects confessed to guessing, particularly when 

they felt that they were too slow. Others were anxious to be 

helpful and worked hard at the tests despite the fact that their 

tongues were sore or their mouths dry. One of the older 

subjects said that the tests were of his patience rather than

his skill.

Two subjects were eliminated from this study because of their 

poor performance in the oral motor ability test.

6.2.1.4 Confirmation of the patient selection

The 14 subjects remaining were compared with the successful 

denture wearers in the Berry and Mahood study. Table 6.3a shows 

the oral stereognostic and oral motor ability scores of 12

successful patients of Berry and Mahood and the oral
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Table 6.3a: Comparisons of the Test scores of Oral Stereognosis,
Oral Motor Ability and Ages with the test scores of 
successful denture wearers of Berry and Mahood (1966)

Patient Age OS
(20)

OMA
(1620)

1 66 5 639
2 65 6 961
3 85 10 1400
4 52 9 695
5 58 7 426
6 66 8 867
7 56 6 820
8 66 5 227
9 68 7 288
10 52 6 885
11 62 7 1005
12 71 12 1400

Average
Scores

63.9 7.3 801

Subject Age OS*
(18)

OMA
(2700)

1 70 6 924
2 67 14 845
3 74 4 768
4 42 6 453
5 67 8 389
6 67 4 872
7 67 8 1097
8 78 6 946
9 58 6 548
10 81 2 1353
11 67 4 401
12 55 2 681
13 70 12 621
14 61 4 625

Average
Scores

66 6.14 752

(a) Adapted from Berry & Mahood (1966) (b) current investigation

* Scores doubled to make comparisons possible.

Table 6.3b Test of significance between the current study
and Berry and Mahood (1966)

Berry and Mahood 
mean scores

Current investigation 
mean scores

P-value

OS 7.3 6.1 p=0.29 (NS) 
p=0.14 (Mann Whit)

OMA 801 752 p=0.71 (NS) 
p=0.62 (Mann Whit)

Age 63.9 66 p=0.58 (NS)



stereognostic and oral motor ability scores of 14 subjects of 

the present study. It can be seen that the performances of the 

subjects were very similar. A non-parametric (Mann Whitney rank 

test) statistical test applied to the scores of these two groups 

confirmed this (Table 6.3b). It was thus considered that the 14 

remaining subjects in the study were unlikely to exhibit 

abnormal muscular behaviour and encounter prosthetic problems 

thereby.



6.2.2 PSYCHIATRIC INTERVIEW

The purpose of this interview was to detect any psychiatric 

illness or emotional disturbance which might manifest itself in 

reducing co-operation or adaptability. Three subjects refused

to be interviewed and were eliminated* On the advice of the

consultant psychiatrist, three further subjects were eliminated. 

The reasons were not revealed due to the confidentiality of the 

interviews. As a result of these interviews eight subjects were 

left for the force study.

It has already been reported that three other subjects withdrew 

at their own request.



6.3 REPRODUCIBILITY OF FUNCTIONAL IMPRESSION TECHNIQUE

6.3.1 CHOICE OF MATERIAL

Heath (1970) developed and used a non-setting silica gel based

upon dimethyl siloxane, for recording functional impressions,

with the advantage that this material flows rapidly under 

muscular influence. In this study it was decided to use a

material that was more widely available so that if it was found

to perform satisfactorily there would be no difficulty in 

introducing it into prosthetic practice. Silicone impression 

material (Xantopren plus) was therefore selected.

6.3.2 ASSESSMENT OF REPRODUCIBILITY

Cross-sectional areas for six profiles at 2mm intervals for all 

the surfaces of all the casts were calculated, and it was 

therefore possible to compare the total cross-sectional area of 

one cast with another; Fig 5.3 and 5.4a and b give details of 

the calculation protocol. Mean and standard deviation of six 

measurements of every fifth point on each profile on the buccal 

and lingual surfaces of all the casts were also calculated.

For statistical analysis coefficients of variation were 

calculated. The coefficient of variation is a descriptive 

measure of relative variability i.e s.d/mean x 100: if the

standard deviation tends to increase with the mean the 

coefficient will tend to be constant. These are presented in



tables 5.5 to 5.16 and table 13 in appendix I.

Subject "SM: Examination of table 5.5 shows a coefficient of

variation on the left buccal segment of 2.77%; this means that 

when six functional impressions were made of the left buccal 

segment, the area of each profile varied by 2.77% over the six 

impressions. Profiles 3 and 4 show the highest variation (4.17% 

and 3.48%), with minimum variation on profile 1 (1.31%). This

variation is smaller than the variation reported by Karlsson and 

Hedegard (1979).

Table 5.6 shows a coefficient of variation of right buccal 

segment of 2.98%. Here the profile variation is similar ranging 

from 2.25% to 3.69%.

Tables 5.7 and 5.8 show the right and left lingual segments 

which have low coefficients of variation compared to buccal

segments, 0.98% and 1.52% respectively. Profile variation of

both the surfaces is less than 1.86%.

Subject "H": Tables 5.9 to 5.12 show the cross-sectional areas

and the coefficient of variation. The coefficient of variation 

of left and right buccal surfaces are 4.27% and 4.52% and of

left and right lingual surfaces are 3.07% and 4.43%

respectively. All surfaces of this subject have high co

efficients of variation except for profiles 4 and 5 of the left

lingual segment which have coefficients of 0.89% and 1.61%.



Subject MW": The results of subject MWM are presented in tables

5.13 to 5.16. The buccal and lingual surfaces show a coefficient 

of variation which ranged from 3.03% to 4.18% whereas the right 

buccal surface shows a coefficient of variation of 3.4%.

In all the subjects, the low values of coefficient of variation 

demonstrate reproducibility of the functional impression 

technique, reflecting high levels of repeatability on the part 

of both the operator and the patient.

Closer examination of the mean and standard deviation of every 

fifth point on each profile level, of all the surfaces of all 

the subjects was also carried out and is shown in appendix I. 

The calculation of coefficient of variation which ranged from 

1.59% to 3.52% confirmed the reproducibility of the technique.

6.3.3 Conclusions

The overall coefficient of variation as a percentage of the 

buccal and/or lingual profile of all the subjects, at all the 

levels, readings at any one profile is less than 4.5%. In his 

study of the lower edentulous denture space Heath (1970) found a 

degree of reproducibility which he considered clinically 

acceptable. Figures of 0.1mm (SD 0.9mm) and 0.2mm (SD 1.0mm) 

are quoted. No closer analysis of these figures is possible.

Karlsson and Hedegard (1979) also studied the reproducibility of 

the denture space. They stated that the denture space can be



reproducible with a variation that "lies well within the range 

of what is clinically acceptable". As an example they reported 

one experiment where there was a variation between 0.006 to

0.29mm; and 0.9 to 2.65mm in another. When coefficients of 

variations are calculated from their figures, a maximum of 

10.75% is found.

It is suggested that the results presented here can be regarded 

as providing evidence of good reproducibility.



7 RESULTS: INTRA-ORAL FORCE MEASUREMENTS

The five remaining subjects were asked to perform the prescribed 

activities i.e swallowing, reading, sucking, chewing and rest 

while wearing the test appliances. The recordings collected 

enabled a total of 2400 graphs to be prepared. The results have 

been examined and analysed qualitatively, quantitatively and 

statistically.

7.1 QUALITATIVE ANALYSIS

The analysis involved the measurements of the mean activity 

force, with the head in the upright and forward positions. The 

force transducers detected the forces exerted upon them and 

converted them into electrical signals which were amplified and 

recorded by the electronic equipment. Each activity recorded by 

the individual transducers appeared as a series of load 

applications varying in magnitude.

Tracings from all locations have been selected to illustrate and 

represent the range of material which was collected.

7.1.1 EFFECT OF ACTIVITIES

7.1.1.1 Swallowing

Fig 5.15 presents reading and swallowing in the five subjects 

(a,b,c,d and e), with no additional thickness of veneer, in the 

upright position; the tracings represent the right posterior



lingual region. It can be seen that there was a relatively 

consistent pattern for each individual but the force varied in 

magnitude between the individuals. Profitt et al had 

demonstrated this variation in 1964 using transducers attached 

to the maxillary teeth.

In the initial trial run of the experiment, all the activity 

peaks (tracings) were identified by seeing the subject perfoming 

all these activities. The swallowing peaks (s) were very well 

defined in all the traces and match with the graphic records of 

Gould and Picton (1964), although those traces were of a single 

channel only. In all but one of the subjects the amplitude of 

the swallowing peaks remained consistent throughout the exercise 

but in subject "c" there was a some inconsistency. Subject Md" 

required a longer time to complete a swallow and subject "e" 

seemed to need different amounts of time for each swallow. 

There was no difference in the patterns of buccal and lingual 

tracings of the subjects but the peak forces were higher on the 

lingual surfaces than the buccal surfaces.

Fig 5.16(i) shows the swallowing peaks (s) after sucking (su) 

water. Right posterior lingual region is presented and the 

subjects were in the upright position. The force values vary 

from subject to subject. It is interesting to note that subject 

"d" appears to be able to swallow more speedily now. Swallowing 

water may be easier than forced swallowing of saliva. Subject 

"e” continues to behave inconsistently. It appears that he was 

swallowing more often than instructed.
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Fig 5.17 illustrates subject "e", buccal region, sucking and 

swallowing, upright position. It can be seen that the

consistent, clearly defined pattern of swallowing continues with 

rather lower force levels.

Fig 5.18 represents the tracing of swallowing (s) and chewing 

(c), left anterior lingual region, upright position. Here again 

the swallowing peaks were identifiable but did not show a 

consistent pattern. Fig 5.19 (i and ii) shows the tracings of 

chewing and swallowing on the buccal surface of an unmodified 

denture in one subject. Anterior buccal peak forces were higher 

than posterior buccal peak forces. Comparing Figs 5.18 and 5.19 

it can be seen that again the lingual forces were higher than 

the buccal forces.

Empty mouth chewing followed by swallowing led to tracings that 

were difficult to interpret. In Fig 5.19 for example the 

chewing trace can not be separated from the swallowing. In Fig

5.18 chewing traces are recognisable but the swallowing pattern 

is inconsistent and of variable duration.

Fig 5.20 shows a different pattern both for swallowing (s) and 

resting (re) phases. The right anterior lingual region is 

illustrated here. The high peaks do show similarity to the 

swallowing peaks in other traces but their values were very low. 

This may be due to the fact that the subjects were requested to 

remain relaxed and not to perform any activity except that which 

might occur involuntarily. Subject "d" exhibited more activity



than the others and appears not to have been completely relaxed. 

In these tracings there are high peaks and short duration as 

compared to the background force.

Fig 5.21 compares tracings of resting and swallowing of a 

subject in the left posterior region. It can be seen that the 

swallowing peak is considerably greater lingually than buccally.

Fig 5.22 compares a tracing of idle swallowing during a period 

of rest with swallowing on command as in the reading and 

swallowing exercise in the left anterior lingual region. 

Command swallowing requires twice as much force as idle 

swallowing.

7.1.1.2 Reading

Fig 5.15 shows a typical pattern of reading (r) in all the 

traces. A standard sentence in a normal conversational tone was 

read. The peak force values are remarkably similar in all the 

five subjects and are of consistent value for each subject. 

This exercise was particularly effective in producing tracings 

which were consistent in range and magnitude. It is possible 

that the slower swallowing pattern of subject "d" and 

inconsistent swallowing pattern of subject "e" might be caused 

by the mouth becoming drier as reading continued.

7.1.1.3 Sucking

Fig 5.16 shows tracings of five subjects sucking (su) and 

swallowing (s), recorded in the right posterior lingual region.



It will be remembered that the subjects had to suck a measured 

amount of water through a straw. They were all required to 

consume the total volume of water but it was impossible to 

standardize the amount that was used up in each swallow. This 

is probably the reason why the overall patterns of the tracings 

vary from subject to subject, though the peak force values are 

largely similar.

Fig 5.17 shows anterior buccal tracings in one subject. 

Interestingly the buccal forces during sucking are lower than 

the lingual forces, but higher in the anterior region than in 

the posterior region.

Sucking involves largely contraction of the Orbicularis muscle. 

This was not the area investigated. Larger volumes of liquid, 

requiring stronger muscular movements might reveal a clearer 

picture.

7.1.1.4 Chewing

Fig 5.18 show tracings of chewing (c) and swallowing (s) in five 

subjects, recorded in the left anterior lingual region. The 

chewing exercise proved to be the most unsatisfactory part of 

this investigation. It was not possible to allow the subjects 

to chew any test food. The apparatus was too delicate for such 

a risk to be taken. Empty mouth chewing is a difficult concept 

for a layman and it is unlikely that any two persons will behave 

the same way. This is a problem that has been faced by all 

workers in this field. Watson et al (1987) applied transducers



to the denture-base mucosal interface and instructed the 

patients to chew with enormous care. Neill and Glaysher (1982) 

applied transducers to the buccal and lingual surfaces of the 

upper and lower first molars of a conventional denture and 

allowed their patients to chew a biscuit. They made no attempt 

to observe the occlusal forces. They therefore, did not obtain 

a true picture of masticatory muscular activity.

There is no doubt that some of the subjects swallowed more often 

than was desired. The tracings of subject "d" demonstrate the 

difficulty of identifying with certainty the chewing peaks. Fig

5.19 shows subject "c" recorded in the buccal region when 

chewing and swallowing in the upright position. It will be seen 

that interpretation of the peaks is difficult but that the 

forces in the different regions do not vary greatly. A parallel 

electro myographic recording would help in further similar 

studies.

7.1.1.5 Resting

Fig 5.20 shows tracings of the five subjects recorded from the 

right anterior lingual region when resting. As might be 

expected, subjects at rest demonstrated very little muscular 

activity and so force values when recorded at all are very low. 

Subject "d" appears not to have been relaxed as has been 

mentioned already.

Fig 5.21 shows posterior lingual and posterior buccal recordings 

for subject "bM. It will be seen that the posterior lingual



activity continued throughout the resting period. This 

phenomenon was observed in all five subjects.

It is probable that the posterior lateral borders of the tongue 

act in this way to maintain the lower denture in position. It

is possible that had the subjects been edentulous the anterior

part of the tongue would have been found to act similarly.

7.1.2 EFFECT OF LOCATION

Fig 5.23 shows tracings of reading and swallowing in one subject 

at different locations in an unmodified denture, in the upright 

position. It can be seen that the site-related differences were 

very marked. The lingual forces were predominantly higher than 

the buccal forces, anterior buccal higher than the posterior 

buccal and posterior lingual higher than the anterior lingual. 

This effect was seen in all subjects. Figs 5.16 and 5.17, 

5.19, and 5.20 and 5.21, already discussed under different 

headings also illustrate this point.

7.1.3 EFFECT OF HEAD-ANGULATION

Two head-angulations were selected, upright and forward. 

Differences in peak forces were noted. Fig 5.24 and 5.25 show 

traces of reading (r) and swallowing (s) in two subjects "a" and 

"b” with the head in the upright (i) and forward (ii) positions. 

Both display similar trends, but there was a small reduction in 

the peak forces for both activities in the forward position. The



other subjects followed a similar pattern. This reduction in 

peak force value may be caused by the restriction of the 

mandibular movement when the head is tilted forwards.

7.1.4 EFFECT OF TIME-INTERVAL

The time-interval between the recording of intra-oral force 

measurements on a particular thickness was 14 days. Fig 5.26 

and 5.27 show the effect of time-interval on the anterior and 

posterior areas of both lingual and buccal surfaces in two 

subjects. It can be seen that the forces on day 1 (i) were 

higher than on day 14 (ii). This pattern was seen in all the 

subjects.

Figs 5.28 and 5.29 show the effect at the beginning of the 

experiment and the end of the experiment after ten weeks, in the 

anterior and posterior lingual region in subjects "a" and MdM. 

In the tracings it can be seen that the force levels returned to 

the same levels after the end of the experiment.

Fig 5.30 shows subject "d" with her head in the forward 

position. Although force values are not greatly different there 

is obvious inconsistency in the swallowing pattern. This may 

again be attributed to the restriction of mandibular movement.



7.1.5 EFFECT OF THICKNESS

Figs 5.31 and 5.32 demonstrate the effect of increasing the

thickness of the lingual flanges.

7.1.5.1 Base-line

The zero base-line was set after the denture had been in place 

and the muscles were in their normal posture, thus zero does not 

suggest that no force existed. With increasing thickness of the

buccal and lingual veneers the base-line shifted at the

posterior lingual and buccal areas in a consistent manner. Fig.

5.32 illustrates how the base-line has shifted when veneers 2mm 

thick have been placed on the buccal and lingual flanges. The 

forces have been recorded in the right posterior lingual region. 

Fig 5.32 (i) shows the reading and swallowing pattern and Fig

5.32 (ii) show the sucking and swallowing pattern in the same

subject. It is likely that the increase bulk of the denture has

restricted the free activity of the tongue and that therefore

the posterior lateral borders are exerting greater force.

7.1.5.2 Addition of veneers

Fig 5.31 traces the effect of the addition of buccal and lingual 

veneers in subject "a”, upright position, right posterior

lingual region. In Fig 5.31 (i) the tracings of reading and

swallowing were recorded with no veneers in place.



Fig 5.31 (ii) demonstrates the effect of addition of 1mm veneers 

to the dentures. It will be seen that the base-line has altered 

and that the activity forces have been increased.

The addition of 2mm veneers shown in Fig 5.31 (iii) illustrates 

a considerable increase of activity force levels and a very 

consistent alteration in the base-line.

Fig 5.31 (iv), 3mm veneers, presents a clear change in muscle

response. Activity force levels are reduced and the base-line 

loses its consistent appearance.

Fig 5.31 (v) shows the subject returned to her original denture

shape after ten weeks of observations. It is clearly seen that 

activity force levels are back to their original levels, this 

tracing resembles very closely Fig 5.31 (i).

Fig 5.30 demonstrate how subject "d" has also returned to her 

original level of activity after ten weeks.



7.2 QUANTITATIVE ANALYSIS

Having discussed the subjects* response to various activities by 

examination of individual tracings, the force values of all the 

subjects have been combined and examined quantitatively.

7.2.1 SWALLOWING

Chart 5.1 shows the mean swallowing force on the right saddle of 

the denture, both buccally and lingually for subjects as a 

group. Posterior lingual (channel 2) shows the highest force 

recorded. The highest force recorded was 2.ION, whereas on 

channel 3 the highest was 0.94N i.e less than half. Anterior 

lingual (channel 1) and anterior buccal (channel 4), show a 

similar pattern, the highest force recorded on these two 

channels being 0.97N and 1.02N respectively.

On all the channels with the head in the upright position the 

forces recorded were higher than in the forward position, except 

channel 4 where on 2mm thickness the forward forces were higher. 

It is possible that the forces of the modiolus have affected the 

forces here. The reason for this phenomenon will be discussed 

in section 6.4.3.

On all the channels on day 14, the forces were lower than on day 

1 except for channel 4, where on 2mm thickness the forces were 

higher.



From the chart it is apparent that the thickness of the veneers 

had an effect on forces. These were the lowest recorded at Omm, 

and as the thickness increased the forces increased too. 

Channels 1 and 2 show a reduction in forces at 3mm thickness. 

Channel 2 also demonstrates a reduction in force at 3mm but this 

appears to begin after day 1. Channels 3 and 4 show a reduction 

in forces at 3mm on day 14, both in the upright and forward 

positions. The initial Omm and the final Omm thicknesses show 

similar forces.

Chart 5.2 shows the mean swallowing force on the left saddle, 

both buccally and lingually. It follows a similar trend to 

chart 5.1. Posterior lingual (channel 6) forces are 2.01N, the 

highest recorded and on posterior buccal (channel 7) 0.32N, the

lowest recorded. Anterior lingual (channel 5) forces were 

higher than the anterior buccal (channel 8) forces.

With increased thickness of the veneers the forces increased, 

but at 3mm the forces reduced in all but channel 8, where a very 

small increase occurred. By day 14 that had begun to reduce. 

The upright forces were higher than the forward position forces, 

except in channel 5 where the forward position forces were 

higher at 2mm, 3mm and final Omm thickness on day 14, but were 

lower on day 1 and day 14 at 2mm. The forces at initial Omm and 

final Omm thickness were similar on all the four channels.

The data presented here were taken from the records of swallow

ing after reading, as it was considered that they were most



likely to represent habitual patterns of muscle activity. The 

other swallowing records were of forced and therefore very 

individual swallowing patterns.

7.2.2 READING

Chart 5.3 shows the mean reading force on the right saddle of 

the denture. The posterior lingual (channel 2) shows the 

highest force of 0.91N recorded, as compared to posterior buccal 

(channel 3) of 0.08N. The anterior lingual forces (channel 1) 

were higher than anterior buccal (channel 4). The forces in the 

upright position were higher than in the forward position in all 

the locations. The effect of the addition of veneers was 

similar to that seen when considering swallowing i.e the forces 

increased as the thickness increased.

Chart 5.4 shows the mean reading force on the left saddle of 

the denture. The force pattern was similar to that of the

right saddle. The posterior lingual (channel 6) recorded a 

force of 0.84N, the highest on this saddle. The lowest force 

recorded on this saddle was 0.12N on the posterior buccal 

channel (channel 7), at 2mm on day 14 in an upright position. 

The forces in this position were higher than in the forward 

position and the maximum forces were recorded at 2mm, after 

which they began to reduce.

The initial Omm and final Omm thickness forces were similar on 

all channels in both right and left saddles.



7.2.3 SUCKING

Chart 5.5 shows the mean sucking force on the right saddle of 

the denture. Posterior lingual (channel 2) recorded the maximum 

force of 0.86N and posterior buccal (channel 3) recorded the 

lowest of 0.06N. The forces on the anterior lingual (channel 1) 

and anterior buccal (channel 4) were similar. In this chart 

also the forces in the upright position were higher than in the 

forward position, except on channel 2 where on initial Omm day 

14 and 1mm day 1 thickness, the forward forces were higher. 

Similarly on channel 4, at initial Omm day 14 and 2mm day 1 

thickness the forward position forces were higher. The forces 

increased with increased thickness of the veneers, but at 3mm 

thickness, the forces reduced except for channel 2 where the 

reduction occurred a little later. The forces on the initial 

Omm and final Omm thickness were the same.

Chart 5.6 shows the mean sucking force on the left saddle of the 

denture. This follows a similar pattern as on the right side, 

except that the forces on the left anterior lingual area were 

higher than on the right anterior lingual area. The maximum 

force of 0.75N recorded on the left side was again in the 

posterior lingual region (channel 6). The lowest was 0.15N on 

anterior buccal (channel 8). The angulation effect followed the 

same pattern as that on the right side, except that slightly 

higher forces were recorded in the forward position on all 

channels. The effect of thickness was similar.



7.2.4 CHEWING

Chart 5.7 shows the mean chewing force on both the right and

left saddles of the denture. The peak force values were

identified with all possible care but the problems with this

exercise have already been discussed in section 6.4.1.1.4. The 

pattern was similar to the other previous charts, i.e the 

posterior lingual (channels 2 and 6) recording the highest force 

of 0.88N and 0.83N respectively, followed by anterior lingual 

(channels 1 and 5), the force values being 0.44N and 0.60N 

respectively. Posterior buccal (channels 3 and 7) and anterior 

buccal (channels 4 and 8) show similar force values, the lowest 

recorded on channel 3 of 0.14N at initial Omm and final Omm. 

The thickness effect follows a similar pattern as for the other 

previous charts.

It has also already been stated that subjects found empty 

chewing difficult. The effect of moving the head to a forward 

position and thus restricting the free movement of the mandible 

proved even more difficult and indeed distressing. For this

reason examination of forward position was abandoned.

Before embarking upon quantitative analysis considerable care 

had to be taken in identifying the chewing peak values. Chewing 

traces were difficult to recognise because of their imprecise 

nature, though the strokes were fairly uniform and fell into an 

arythmic pattern.



7.2.5 RESTING

Chart 5.8 shows the mean resting force on both the right and 

left saddles of the denture in the upright position only, no 

forward position was recorded (cf Fig 5.20). For all the areas 

very low force values were recorded, a small amount of activity 

occurred on channels 2 and 6; the force recorded ranged from

0.03N to 0.41N.

Charts 5.9 to 5.12 provide a summary of the results of charts

5.1 to 5.8. It can be clearly seen that lingual forces are 

predominantly higher than buccal; that the initial and final Omm 

thicknesses produce similar forces and that forces begin to 

increase with increased thickness but have begun to reduce at 

3mm thickness.



7.3 STATISTICAL ANALYSIS

7.3.1 EFFECT OF ACTIVITIES

The mean forces of all the activities were compared, assessed 

and analysed. Table 5.17 shows the variables predicted for the 

mean force for all the activities i.e swallowing, reading, 

sucking, chewing and resting. For swallowing, reading and 

sucking n=800, whereas for chewing and resting activities n=400, 

so when looking for the T statistic and r-values this difference 

must be considered. Statistically the effects demonstrated were 

generally highly significant (p <.0001 on most occasions).

7.3.2 EFFECT OF LOCATION

The forces of all activities were assessed and analysed at 

different locations i.e lingual v buccal, anterior v posterior 

and right v left side. Table 5.17 shows a negative reading for 

the lingual/buccal variable, which indicates inverse 

correlation. The T statistic and r-value show highly signifi

cant differences for all activities i.e. the lingual forces were 

significantly higher than the buccal forces (p <.0001). The 

effect of location has a definite relationship with the mean 

force.

Comparisons of the right and left sides and anterior and 

posterior aspects of the denture surfaces were made. Table 5.17 

shows that in all activities the forces on the posterior



aspect of the denture surface were higher than on the anterior 

aspect. The differences were highly significant (p <.001 on all 

occasions).

Except swallowing, the right and left side comparisons showed 

significant differences for all the activities (Table 5.17).

7.3.3 EFFECT OF HEAD-ANGULATION

Comparisons were made of all the activities, with the head in 

the upright and forward positions and the data analysed. The 

results showed that there were statistically no significant 

differences between the two head positions, except in reading 

where the difference was just significant (Table 5.17). It may 

be that the numbers in the comparison for each activity were too 

few to show what is probably a small effect. However, 

examination of Table 5.19 shows that this effect is indeed 

significant (p <.01).

7.3.4 EFFECT OF TIME-INTERVAL

Comparisons were made of the effect of time-interval between day 

1 and day 14. The first recording and the second recording of 

the same thickness after two weeks showed a definite difference. 

The forces on day 1 tended to be consistently higher than on day 

14 in all activities, except resting. The difference reached a 

statistically significant level for swallowing, reading and 

sucking (p <.01). The significance for chewing was slightly



lower (p <.05)• For resting, statistically there were no 

differences.

7.3.5 EFFECT OF THICKNESS

This shows the mean force measurements for varying thicknesses

i.e the initial ummodified (Omm), and the final unmodified (Omm) 

surfaces and the surfaces with 1mm, 2mm and 3mm thick veneers. 

This mean force represents the total mean force recorded at 

various activities i.e. swallowing, reading, sucking, chewing 

and resting. Its effect as regards all functional activities 

can be seen in Figs 5.34 to 5.40. In swallowing (Table 5.18) 

the T-value of 6.6 for thickness is for the range from 

thicknesses 0-3mm. However, plotting the mean (adjusted for the 

other relevant variables and inter-patient differences) against 

thickness (Fig 5.35), shows clearly that the force is reduced at 

a thickness of 3mm, while showing a linear increase over the 

rest of the range (0-2mm). The t-value for the 0-2mm range is

8.0 (Table 5.18). It is possible to prove that this change at 

3mm is significant by considering the relationship between force 

and thickness over the 0-2mm range only. Fig 5.35 shows this 

relationship, with the predicted value for 3mm, assuming the 

relationship continues to hold. The 95% confidence limits on 

these predictions are also given. The actual mean at 3mm was

104.4 gms (N=1.02), which is well below the lower 95% limit.

As shown in Figs 5.34 to 5.39, there is a gradual increase in 

force up to 2mm and then a gradual decrease to 3mm and the force



at final Omm levels off to a value comparable with the initial 

Omm thickness. This suggests that, even after the denture 

surfaces were altered the subjects returned to the original 

force, which may be regarded as a measure of subjects’ 

adaptability to the prostheses. In swallowing there is a 

definite trend for decrease of force at 3mm thickness, whereas 

for other activities the decrease is not so dramatic. This 

effect is not clearly apparent for sucking, reading and resting; 

for chewing it was present, but not so marked. This sharp 

decrease in the swallowing activity may be due to the higher 

forces exerted during this exercise. Chewing was the activity 

with the next highest forces, lending support to this 

explanation. The resting activity does not show a marked trend, 

but the forces were very small.

7.3.6 EFFECT IF INTER-SUBJECT VARIABILITY

Table 5.17 shows the inter-subject variability; for swallowing, 

reading and sucking n=800, and for chewing and resting n=400. 

There were significant inter-subject differences. For 

swallowing subject 1 and 4 were similar whereas subjects 2, 3 

and 5 showed significant differences. In reading, subjects 3 and 

5 showed significant differences whereas the other three were 

similar. For sucking activity all the subjects behaved

differently, and for resting activity their behaviour was 

similar. For chewing activity subjects 3 and 5 behaved

similarly and subjects 1, 2 and 4 showed wide differences. This 

difference between individuals is not unexpected in view of the



need to simulate the activity rather than allow the subjects to 

chew an actual test food.

7.3.7 EFFECT OF ALL THE ACTIVITIES

All activities i.e. swallowing, reading, sucking, chewing and 

resting (Table 5.19) were included in the main regression 

analysis. The patterns were similar to those of the individual 

activities (Table 5.17).

No statistical difference was found between the initial Omm and 

final Omm thickness in analysis of any activity. When included 

in the multivariate regression the initial Omm and final Omm 

thicknesses revealed similar force values (Fig 5.40).

Although there are few subjects in this study, there are a great 

many measurements (3200 total mean measurements with 640 mean 

force measurements on swallowing alone). Thus it is possible to 

obtain high levels of significance. The relationships described 

between force, lingual/buccal, anterior/ posterior and thickness 

are so significant as to be indisputable.



8 DISCUSSION: INTRA-ORAL FORCE MEASUREMENTS

8.1 APPARATUS AND MEASUREMENTS

It is important to realise that all pressure and force devices 

used in testing of this sort are subject to criticism. Forces 

exerted by lingual and perioral musculature have in the past 

been assessed, recorded and measured in a localised area using 

either studs attached to strain gauge beams or pressure 

transducers. Studs can only measure over a localised area and 

may interfere with muscle activity. Pressure transducers are 

location sensitive, and usually have a base-line related to the 

intra oral pressures. The type employed in this study was 

thought to incorporate fewer deficiencies than other types 

presently available for this specific use. The aim of the 

design was to house strain gauges in such a position so as not 

to cause any hindrance or resistance to the normal activities of 

the oral tissues.

Throughout the study, accepted prosthodontic methods have been 

used to avert tenderness or discomfort that might interfere with 

the functional activity of the mouth.

8.2 PATIENTS* REACTIONS

No subjects reported discomfort with the test dentures in the 

mouth: but with 3mm thickness, one subject complained of

restricted tongue movement.



Although the wires were always present at the corners of the 

mouth, very little interference with normal behaviour occurred 

as the ultra-fine wires were flexible and moulded to the lips* 

The modified dentures were continuously worn by all the 

subjects, without any discomfort. In one subject on one 

occasion, a veneer became loose, and was resecured.

8.3 GENERAL COMMENT

It was particularly desired to keep the recording device within 

the envelope of the denture and no more bulky than a normal 

denture so that the subject would be able to manoeuvre the oral 

tissues without any discomfort.

It has been shown that when intrusion into the oral cavity was 

too great, muscle activity was affected.

These intrusions did not produce the appearances described by 

Gould and Picton (1962), Weinstein et al (1963) and Proffit et 

al (1964), probably because they were not localised but covered 

the entire buccal and lingual surfaces. The other workers* use 

of a single transducer would have made made an occasional 

atypical result more likely. Gould and Picton (1962 and 1963) 

pointed out that a device which is too small could indent the 

overlying tissues and one which is too large could lead to 

displacement of the tissues. They have also shown that for the 

measurements of labial and buccal forces the transducer must 

protrude less than 2mm and lingually protrude less than 1mm



towards the tongue surface.

At 3mm thickness, the forces dropped. This was noted too by 

Likeman (1979) although Lowe et al (1970) found an increase in 

the mean resting and swallowing forces. Lowe et al concluded 

that any thickness introduced into the oral cavity with 

removable prostheses would interfere with the normal functional 

activity of the tongue. They suggested that to achieve 

unrestricted function of the tongue, a method be used for making 

denture impressions that incorporated the space actually 

required by the tongue. Their flanges were thickened to 6mm 

lingually but unfortunately they failed to examine muscle 

activity in the significant area between Omm and 3mm and they 

were using one transducer only.

In 1986, Likeman investigated the mean lingual response of 

partially dentate subjects to lingual intrusions of Omm, 2mm, 

4mm and 6mm with a stud, and of 1mm and 2mm with an acrylic

appliance tangential to the teeth. He observed that as the

intrusion of the stud was increased into the lingual space there 

was a progressive increase in lingual forces up to 6mm 

extension. At this level of intrusion the relationship between 

stud length and lingual force became erratic, which he 

attributed to avoidance, or the lingual force not being exerted 

in line with the plunger.

He also noted a similar consistent response with the acrylic

appliance which presented a regular smooth surface to the



tongue.

He further stated, that on all occasions, in all subjects at all 

thicknesses in both appliances a statistical significant 

difference in the increase in force was seen for each increment 

of intrusion. No statistical significant difference was seen

between the lingual forces recorded with the acrylic appliance 

and the stud when they were set level with the lingual aspect of 

the natural teeth.

Although the device used by Winders (1962) protruded about 3mm 

from the teeth, he found that in an edentulous area, when the 

transducer was placed level with the adjacent teeth, the 

relationship between the perioral and lingual forces was 

unchanged, although the actual forces were smaller. The present 

investigation, using methods unavailable to Winders confirms 

this finding.

There was no change in the base-line in the resting phase but 

only in function. This suggests that if a denture is made which 

is bulky, there is less risk of displacement at rest than in 

function. Therefore, it is important to record functional 

impressions for the construction of complete dentures in order 

for them to be in a neutral zone.

It is probable that muscles function most efficiently when the 

head is properly poised. When the head is tilted forward the 

hyoid bone is constricted, the floor of the mouth rises and



normal oral functions are more difficult. Figs 5.24 and 5.25 

confirm that swallowing, reading and sucking forces are reduced 

when the head is in the forward position. Other activities i.e 

chewing and resting were not pursued because of the patients* 

discomfort. Statistical analysis suggests that the differences 

observed in swallowing and sucking are not significant; reading 

revealed slight significance only.

Most studies have described an interval of one week between 

observations. Intervals of 14 days were selected in this study 

so that there would be ample time for accommodation. A duration 

of 10 weeks for the whole study was decided upon as it seemed 

likely that patients could be relied upon to attend for that 

length of time.

Jacobs (1967), in his longitudinal study of two edentulous 

patients, was able to make comparisons over a period of 29

weeks. Testing revealed progressive lowering of the forces

measured on both maxillary and mandibular dentures.

In this investigation, during each test period of 14 days peak 

forces reduced to a value below the original level. At the end 

2 of 10 weeks* study of the effect of additional thicknesses, 

force values returned to their original level. Likeman (1979) 

commented that "familiarity with the appliance either by

continuous or repeated wear produces changes in the forces

recorded against it consistent with adaptation or a return to 

normality".
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All subjects placed a force of considerable magnitude against 

the transducer in the molar region. There was a consistent 

pattern of forces for each individual. For the whole sample a 

considerable range in the relation of these forces to each other 

was noted but the posterior force was always greater (Charts 5.1 

to 5.12). Proffit et al (1964) found no consistency in the 

relationship between anterior and posterior forces.

During function, there is imbalance of muscular forces acting on 

the denture, the tongue exerting a much greater force than the 

perioral musculature. Lingual forces entirely predominate over 

perioral forces because the tongue is a more dense tissue than 

the rather soft, loose, easily deflected tissues of the cheeks 

and lips.



9 GENERAL CONCLUSIONS

1. By application of established studies it was possible to 

select patients who would be co-operative by nature and whose 

adaptability as denture wearers could be predicted. The five 

subjects who took part in the study confirmed by their 

performance that the selection method worked successfully.

2. The technique devised to record the neutral zone proved 

reproducible within clinically acceptable limits.

3. The eight channel force transducer was extremely intricate, 

and had to be custom made for each subject, nevertheless it 

demonstrated significant concurrent site-related differences in 

intra-oral forces. These differences have not been demonstrated 

previously.

4. All activity forces recorded on day 1 were found to be 

higher than on day 14. This demonstrates the adaptability of 

the oral musculature over quite a short period of time. At the 

end of the ten week period of experiment, all forces returned to 

their original levels.

5. Lingual forces were higher than buccal forces. Posterior 

lingual forces were higher than anterior lingual forces, and 

anterior buccal forces higher than posterior buccal forces.
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6. The swallowing forces were predominantly higher than the 

reading, sucking, chewing and resting forces, both buccally and 

lingually. The forces produced by swallowing on command were 

much higher than the forces produced during involuntary or idle 

swallows. The swallowing peak forces on the lingual surfaces 

were higher than the peak forces on the buccal surfaces. Force 

patterns during other activities were similar with low peak 

forces.

7. Higher peak forces were produced when the head was in the 

upright position. Tipping the head forward restricted the free 

movement of the mandible thus lowering the force levels.

8. The forces applied to the denture increased with increased 

thickness of the flanges to beyond a thickness of 2mm. At 3mm 

the forces generally dropped. This suggests that the oral 

muscular activity is inhibited only by the encroachment of a 

greatly thickened test denture. The forces recorded on initial 

and final Omm thickness were found to be similar. It can be 

suggested that a denture may extend beyond the neutral zone by 

2mm buccally and lingually when clinical considerations require, 

with the expectation that a normally adaptable patient will be 

able to cope.



10 RECOMMENDATIONS FOR FUTURE WORK

In this study only five subjects were examined. A larger sample 

is required, although the work involved in producing custom 

built devices for each subject should not be underestimated.

The time interval of monitoring the effect of thickness tested 

was 14 days. To draw long term conclusions a longer monitoring
4

period is required.

This investigation was limited by the denture’s being retained 

by clasps on the canines. Examination of intra-oral force 

measurements in complete denture and overdenture wearers is now 

required.

It was not possible to allow patients to chew a test food 

because of the intricate nature of the measuring device. Before 

further studies of swallowing are embarked upon, a method of 

protecting such devices without encroaching on thickness must be 

developed.

A more certain method of identifying chewing and sucking peaks 

is required. The present method succeeded because of the 

familiarity of the operator with the subjects and the technique. 

The introduction of a concurrent electro-myographic record is 

one way of proceeding.



11 ACKNOWLEDGEMENTS

I am greatly indebted to my supervisor, Prof J A Hobkirk for his 

guidance, supervision and continuous support which was of great 

value throughout this study. He taught me how to think in a 

scientific manner and made me realise the need to improve my 

modest knowledge every day.

I wish to express my sincere thanks and deep gratitude to Miss M 

Mahood for her interest, valuable comments and proof reading of 

this project.

I am extremely grateful to Mr J Kelleway for all his invaluable 

technical support, assistance and help during the long dreary 

hours spent in the "Tardis".

I wish to express my gratitude to Mr E W Pullen Warner for his 

technical support and line diagrams in this study.

My appreciation goes to Mr W Gregory and to Dr J Bulman, Dr R

Holt and Dr J Osborne for their statistical advice.

My appreciation goes to the photographic department of the

Institute of Dental Surgery.

I would like to thank the Health department of Punjab for the 

grant of study leave.



I wish to thank Dr C Fienmann for her invaluable help with the 

psychiatric interviews.

I would like to thank everyone in the Prosthetics department for 

all their help and kind support.

Special thanks to all my family and friends for their endless 

encouragement and support throughout this study. My particular 

thanks to Mr S Atiq for drawing Fig 5.4a.

Last, but not the least my very special thanks and gratitude to 

my loving parents without whose endless financial support, love, 

encouragement and endurance this would not have been possible.



10 REFERENCES

ALDERISIO J.P. and LAHR R. (1953)
Electronic technic for recording the myodynamic forces of the 
lip, cheek and tongue.
J Dent Res. 32: 548-553

AMENT P. and AMENT A. (1970)
Body image in dentistry 
J Prosthet Dent. 24: 362-366

ANDERSON D.J. (1953)
A method of recording masticatory loads 
J Dent Res. 32: 785-789

ANDERSON D.J. and PICTON D.C.A. (1958)
Masticatory stresses in normal and modified occlusion 
J Dent Res. 37: 312-317

ANDERSON J.N. and STORER R. (1981)
Immediate and replacement dentures 
3rd ed. Oxford, Blackwell. pl2

APPLEGATE 0 (1959)
The essentials of removable partial denture prostheses 
2nd ed. W B Saunders Co. Philadelphia. p230-245

ARIKAT F.Y.A. (1986)
The development and evaluation of a system to measure thermal 
changes on denture base. MSc report. University of London

ARMITAGE P and BERRY G. (1987)
Statistical methods in medical research
2nd ed. Blackwell Scientific Publications. Oxford. Ch 10

BARONE J.V. (1963)
Physiologic complete denture impressions 
J Prosthet Dent. 13: 800-809

BASKER R.M. (1966)
Adaptation to dentures 
Br Dent J. 120: 573-576

BATES J.F. and MURPHY W.M. (1968)
A survey of edentulous population 
Br Dent J. 124: 116-121

BEARN E.M. (1972)
Some masticatory force patterns produced by full denture wearers 
Dent Practit. 22: 342-346



BEARN E.M. (1973)
Effects of different occlusal profiles on the masticatory forces 
transmitted by complete dentures 
Brit Dent J. 134: 7-10

BELL D.W.Jr. (1968)
Problems in complete denture treatment 
J Prosthet Dent. 19: 550-560

BELL D.H. (1972)
Prosthodontic failures related to improper patient education and 
lack of patient acceptance 
Dent Clin North Am. 16: 109-118

BERESIN V.E. and SCHIESSER F.J. (1976)
Neutral zone in complete dentures 
J Prosthet Dent. 36: 356-365

BERG E. (1988)
A 2-year follow up study of patient satisfaction with new 
complete dentures 
J Prosthet Dent. 16: 160-165

BERGMAN B. and CARLSSON G.E. (1972)
Review of 54 complete denture wearers: Patients* opinions one
year after treatment
Acta Odontol Scand. 30: 399-414

BERG E., INGEBRETSEN R. and JOHNSEN T.B. (1984)
Some attitudes towards edentulousness, complete dentures, and 
cooperation with the dentist: A study of denture patients 
attending a dental school 
Acta Odontol Scand. 42: 333-338

BERGMAN B. and CARLSSON G.E. (1985)
Clinical long-term study of complete denture wearers 
J Prosthet Dent. 53:56-61

BERRY D.C. and WILKIE J.K. (1961)
Lip and tongue behaviour in relation to prosthetics 
Dent Practit. 11: 334-340

BERRY D.C. and MAHOOD M. (1966)
Oral stereognosis and oral ability in relation to prosthetic 
treatment
Br Dent J. 120: 179-185 

BERRY D. C. (1969)
Oral awareness and partial denture design 
Proc R Soc Med. 62: 608-609

BOLENDER C.L., SWOOPE C.C. and SMITH D.E. (1969)
The Cornell Medical Index as a prognostic aid for complete 
denture patients 
J Prosthet Dent. 22: 20-29



BOUCHER C.O. (1970)
Swenson’s Complete dentures. 6th ed.
The C.V. Mosby Co. St. Louis. pl3

BOUCHER C.O., HICKEY J.C. and ZARB G,A, (1975)
Prosthodontic treatment for edentulous patients. 7th ed.
The C.V. Mosby Co. St. Louis. p623

BOUCHER C.O. (1975)
Complete denture prosthodontics: The state of the art 
J Prosthet Dent. 34: 372-383

BREUSTEDT A. (1979)
Physiological and social factors of importance for the older 
patients
Int Dent J. 29: 276-284

BRILL N., TRYDE G. and SCHUBELER S. (1959)
The role of exterocepters in denture retention 
J Prosthet Dent. 9: 761-768

BRILL N., TRYDE G. and SCHUBELER S. (1960)
The role of learning in denture retention 
J Prosthet Dent. 10: 468-475

BRILL N., TRYDE G. and CANTOR R. (1965)
The dynamic nature of the lower denture space 
J Prosthet Dent. 15: 401-417

CARLSSON G.E., OTTERLAND A. and WENNSTROM A. (1967)
Patient factors in appreciation of complete denture 
J Prosthet Dent. 17: 322-328

CRITCHLEY M. (1953)
Parietal Lobes.
Collier MacMillan Publishers. London, pi21 and 139

CULVER P.A.J. and WATT I. (1973)
Denture movements and control 
Br Dent J. 135: 111-116

DIXON D.A (1959)
An investigation into the influence of the soft tissues on tooth 
position
Trans Brit Soc Orthod. 89-92 

DIXON A.D. (1962)
The position, incidence and origin of sensory nerve terminations 
in oral mucous membrane 
Arch Oral Biol. 7: 39-48

ELLINGER C.W., RAYSON J.H., TERRY J.M. and RAHN A.O. (1975) 
Synopsis of Complete Dentures. nd ed.
Lea and Faber, Philadelphia. p348



ETTINGER R.L. (1971)
An evaluation of the attitudes of a group of elderly edentulous 
patients to dentists, dentures and dentistry 
Dent Practit. 22: 85-91

ETTINGER R. (1978)
Some observations on the diagnosis and treatment of complete
denture problems
Aust Dent J. 23: 457-464

FELDSTEIN L. (1950)
An instrument for measuring muscular forces acting on the teeth 
Am J Orthod. 36: 856-859

FISH E.W. (1933 and 1964)
Principles of Full Denture Prosthesis. 1st and 5th ed.
Staples press, London

FISH S.F. (1969)
Adaptation and Habituation to Full Dentures 
Br Dent J. 127: 19-26

FRECHETTE A.R. (1955a)
Masticatory forces associated with the use of various types of 
artificial teeth 
J Prosthet Dent. 5: 252-267

FRECHETTE A.R. (1955b)
Comparison of balanced and non balanced occlusion of artificial 
dentures based upon distribution of masticatory forces 
J Prosthet Dent. 5:801-810

FRIEL S. (1924)
Muscle testing and muscle training 
Trans Brit Soc Study Orthod. 24: 5-22

FRY D.L. (1960)
Physiologic recording by modern instruments with particular 
reference to pressure recording 
Physiol Rev. 40: 753-787

GAIRNS F.W. and AITCHISON J. (1950)
A preliminary study of the multiplicity of nerve endings in the 
human gum
Dent Record. LXX: 180-194 

GAIRNS F.W. (1956)
The sensory nerve endings of the human gingiva, palate and 
tongue
J Dent Res. 35: 958-9 

GIBSON J.J. (1966)
The senses considered as perceptual systems 
Houghton. Mifluir Co. Boston



GIDDON D.B. (1980)
Phsiologic aspects of prosthodontic treatment for geriatric 
patients
J Prosthet Dent. 43: 374-379 

GLASER E.M. (1966)
The physiological basis of Habituation. London 
Oxford University Press

GOLDBERG D.P., COOPER B., EASTWOOD M.R., KEDWARD H .B and 
SHEPHERD M. (1970)
A standard psychiatric interview for use in community surveys 
Br J of Prev and Soc Med. 24: 18-22

GOULD M.S.E. and PICTON D.C.A. (1962)
A method of measuring forces acting on the teeth from the lips, 
cheeks and tongue 
Br Dent J. 112: 235-242

GOULD M.S.E. and PICTON D.C.A. (1963)
An evaluation of a method of measuring forces exerted by the 
tongue on the teeth 
Br dent J. 114: 175-180

GOULD M.S.E. and PICTON D.C.A. (1964)
A study of pressures exerted by the lips and cheeks on the teeth 
of subjects with normal occlusion 
Arch Oral Biol. 9: 469-478

GOULD M.S.E. and PICTON D.C.A. (1968)
A study of pressures exerted by lips and cheeks on the teeth of 
subjects with Angle’s Class 11 div 1, Class 11 div 2 and Class 
111 malocclusions compared with those of subjects with normal 
occlusions
Arch Oral Biol. 13: 527-541

GOULD M.S.E. and PICTON D.C.A. (1975)
Sub-atmospheric pressures and forces recorded from the labio- 
lingual surfaces of the teeth during swallowing in adult males 
Brit J Orthod. 2: 121-125

GROSSMAN R.C. (1964)
Methods for evaluating oral surface sensation 
J Dent Res. 43: 301 (IADR Abstr).

GROSSMAN R.C. HATTIS B.F. and RINGEL R.L. (1965)
Oral tactile experience 
Arch Oral Biol. 10: 691-705

GROSSMAN R.C. and HATTIS B.F. (1967)
In Bosma J.F: 2nd Symposium on Oral Sensation and Perception 
C.C. Thomas, Illinios, USA

GUCKES A.D., SMITH D.E. and SWOOPE C.C. (1978)
Counselling and related factors influencing satisfaction 
with dentures
J Prosthet Dent. 39: 258-267



HEATH R. (1970)
A study of the morphology of the denture space 
Dent Practit. 21: 109-117

HEARTWELL C.M. and RHAN A.D. (1980)
Syllabus of Complete dentures. 3rd ed.
Lea and Faber, Philadelphia, chap 4.

HICKEY J.C. and ZARB G.A. (1980)
Boucher’s Prosthetic Treatment for the Edentulous 
Patients. 8th ed.
The C V Mosby Co. St. Louis. USA

HIRSH B., LEVIN B. and TIBER N. (1972)
Effects of patient involvement and esthetic preference on 
denture acceptance 
J Prosthet Dent. 28: 127-132

HOCHBERG I. and KABCENELL J. (1967)
Oral stereognosis in normal and cleft palate individuals 
The Cleft Palate J. 4: 47-57

HOWELL A.H. and MANLEY R.S. (1948)
Strain gauge for measuring oral forces 
J Dent Res. 27: 705-712

HOWELL A.H. and BRUEVOLD F. (1950)
Vertical forces used during chewing of food 
J Dent res. 29; 133-136

HUNTER J. (1778)
The natural history of the human teeth, Part II.
A practical treatise on the diseases of the teeth intended as a 
supplement to the natural history of those parts.
2nd ed. J Johnson. London. p75

JACOBS R.M. (1967)
Accommodation of perioral tonus after insertion of complete 
dentures
J Am Dent Assoc. 74: 420-422

JACOBS R.M. (1969)
Muscle equilibrium - Fact or Fancy 
Angle Orthod. 39: 11-21

JANSKY Z. and ZELENY A. (1961)
Investigation of the muscular forces exerted by the human tongue 
D Abst. 6:265-266

KAMADA S. (1955)
On the innervation especially sensory innervation of the mucous 
membrane of the oral cavity of cat 
Arch Hist Jap. 8: 243-260



KARLSSON S. and HEDEGARD B. (1979)
A study of the reproducibility of the functional denture space 
with a dynamic impression technique 
J Prosthet Dent. 41: 21-25

KELSEY C.G., REID F.D. and COPLOWITZ J.A. (1976)
A method of measuring pressures against supporting functioning 
complete denture 
J Prosthet Dent. 35: 376-383

KLOPFER B. (1946)
The Rorschach Technique, Yankees-on-Hudson 
New York

KOPER A. (1964)
Why dentures fail
Dent Clin North Am. 8: 721-734

KRATOCHVIL F.J. (1963)
Influence of occlusal rest position and clasp design on the 
movement of abutment teetn 
J Prosthet Dent. 13: 114-124

KROL A.J. (1973)
Clasp design for extension base removable partial dentures 
J Prosthet Dent. 29: 408-415

KUNVARY B.(1959)
Muscular forces of the tongue movements on the development of 
dental arches, jaws and palate 
D Abst. 4: 10-11

KYDD W.L. (1956)
Quantitative analysis of forces of the tongue 
J Dent Res. 35: 171-174

KYDD W.L. (1957)
Maximum forces exerted on the dentition by the perioral and
lingual musculature 
J Am Dent Assoc. 55: 646-651

KYDD W.L. and TODA J.M. (1962)
Tongue pressures exerted on the hard palate during swallowing 
J Am Dent Assoc. 65: 319-330

KYDD W. L., AKAMINE J.S., MENDEL R.A. and KRAUS B.S. (1963)
Tongue and lip forces exerted during deglutition in subjects
with and without anterior open bite 
J Dent Res. 42: 858-866

LAINE P. and SIIRILA H.S. (1971)
Oral and manual stereognosis and two point tactile
discrimination of the tongue 
Acta Odontol Scand. 29: 197-202



LAINE P. (1982)
Adaptation to denture wearing. An opinion survey and
experimental investigation. Thesis, University of Helsinki,
Finland.

LAMMIE G.A. (1956)
Full Dentures
Blackwell Scientific Piblications. Oxford. p212 

LANDT H. (1974)
Oral recognition of forms and oral muscular coordination ability 
in dentulous subjects of various ages 
Swed Dent J. 67 (suppl 5)

LANDT H. and HEDEGARD B. (1974)
Description of test pieces and test procedure for oral and 
manual form recognition test and test for oral 
muscular ability.
Report No 11. Gothenberg University.

LANDT H. and FRANSSON B. (1975)
Oral ability to recognise forms and oral muscular coordination 
ability in dentulous young and elderly adults 
J oral Rehab. 2: 125-138

LANGER A., MICHMAN J. and SEIFERT I. (1961)
Factors influencing satisfaction with complete dentures in 
geriatric patients 
J Prosthet Dent. 11: 1019-1031

LAWSON W.A. (1960)
Validity of a method used for measuring masticatory forces 
J Prosthet Dent. 10: 99-111

LEAR C.S.C., CATZ J., GROSSMAN R.C. FLANAGAN J.B. and MOORREES 
C.F.A. (1965)
The measurements of lateral muscle forces on the dental arches 
Arch Oral Biol. 10: 669-689

LEAR C.S.C. and MOORREES C.F.A. (1969)
Buccolingual muscle force and dental arch form 
Am J Orthod. 56: 379-393

LECHNER S.K. (1982)
Overcoming adaptational problems with complete and partial 
dentures
Int Dent J. 32: 327-338 

LECHNER S.K. (1986)
Problems solving in removable prosthodontics 
Aust Dent J. 31: 273-280

LEFER L., PLEASURE M.A. and ROSENTHAL L. (1962)
A psychiatric approach to the denture patient 
J Psychosom Res. 6: 199-207



LEVIN B. and LANDESMAN H.M. (1976)
A practical questionnaire for predicting denture success or 
failure
J Prosthet Dent. 35: 124-129

LEVITT E.E. (1971)
The psychology of anxiety 
Paladin. London

LIKEMAN P.R. (1979)
The adaptation of the tongue to denture wearing 
J Dent. 7: 141-147

LIKEMAN P.R. and FERMAN A.M. (1987)
An investigation of the accommodation of the tongue to a dental 
appliance using electropalatography 
J Dent. 15: 249-252

LITVAK H., SILVERMAN S.I. and GARFINKLE L. (1971)
Oral stereognosis in dentulous and edentulous subjects 
J Prosthet Dent. 25: 139-151

LOTT F. and LEVIN B. (1966)
Flange technique: An anatomic and physiologic approach to
increased retention, function, comfort and appearance of 
dentures
J Prosthet Dent. 16: 394-413

LOWE R.D., KYDD W.L. and SMITH D.E. (1970)
Swallowing and resting forces related to lingual flange 
thickness in removable partial dentures 
J Prosthet Dent. 23: 279-288
LIKEMAN P R (1986)
Some investigations of the lingual response to a dental 
prosthetic appliance.
PhD Thesis, University of London
MAGNUSSON T. (1986)
Clinical judgement and patients* evaluation of complete denture 
five years after treatment. A follow-up study 
Swed Dent J. 10: 29-35

MAHOOD M. (1989)
Personal communication

MANSOUR R.M. (1977)
Piezoelectric transducer for oral force monitoring 
J Med Eng Tech. 1: 95-97

MAKILA E. (1974)
Primary oral status and adaptation to complete dentures 
Ann Acad Sci Fenn. (Med). 164: 1-29

MANLY R.S., PFAFFMAN C., LATHROP D. and KEYSER J. (1952)
Oral sensory thresholds of persons with natural and artificial 
dentitions
J Dent Res. 31: 305- 312



MARLOW C.D., JOSEPH A.G. and WINKELMANN R.K. (1964)
Sensory innervation of the human tongue 
J Dent Res. 43 (suppl 5). p778 (IADR Abstr.79)

MARGOLIS H.I. and PRAKASH P. (1954a)
New instrument for recording oral muscular forces: The
Photoelectric Myodynagraph 
J Dent Res. 33: 425-434

MARGOLIS H.I., PRAKASH P. and FRIED K. (1954b)
Photoelectric myodynagraph for direct recording of oral muscle 
forces
Am J Orthod. 40: (Abstract 157)

MATTHEWS E. (1954)
Residual problems in full denture prosthsis 
Br Dent J. 97: 167-177

MATTHEWS E. (1961)
The polished surfaces 
Brit Dent J. Ill: 407-411

MATTHEWS E. (1964)
The lower denture: The anthropoidal pouch technique. In: FISH 
E.W. Principles of Complete Denture Prosthesis. 6th ed. London. 
Staples Press

McCALL W.D. Jr, DeBOEVER J.A and ASH M.M. (1978)
Telemetry system to study functional occlusal forces 
J Prosthet Dent. 40: 98-102

MCDONALD E.T. and ANUGST L.F. (1967)
Studies on sensory motor function.
In Bosma J.F: 2nd Symposium on oral sensation and perception
C.C.Thomas. Springfield, Illinois. USA. p211

McNULTY E.C., LEAR C.S. and MOORREES C.F.A. (1968)
Variability in lip adaptation to changes in incisor position 
J Dent Res. 47: 537-547

MOULTON R. (1946)
Psychologic problems associated with complete denture service 
J Am Dent Assoc. 33: 476-489

MURPHY W.M. (1966)
The neutral zone and the polished surfaces of full dentures 
Dent Practit. 16: 244-248

NAIRN R.I. and BRUNELLO D.L. (1971)
The relationship of denture complaints and the level of 
neuroticism
Dent Pract Dent Rec. 21: 156-157 

NEILL D.J. (1979)
The denture space: Proceedings of the second international
prosthodontic congress
The C V Mosby Co. St. Louis. USA



NEILL D.J. and GLAYSHER J.K.L. (1982)
Identifying the denture space 
J Oral Rehabil. 9: 259-277

NEWTON A.V. (1975)
The difficult denture patient 
Br Dent J. 138: 93-100

NYQUIST G. and OWALL B. (1968)
Masticatory load registrations during function 
Odont Revy. 19:45-54

ORMEA F. and Re G. (1959)
Strutture nervose e funzione nervose della regione buccale 
Minnerva Der. 34: 611-631

OSBORNE J. and LAMMIE G.A. (1959)
Partial Dentures; 2nd ed. Oxford, Blackwell. p446

OWALL B. (1970)
Oral tactility during chewing 
Scand J Dent Res. 78: 431-434

PALMORE E. (1970)
Facts on aging - A short quiz 
The Geriodontologist. 17: 315-

PITT V H. (1988)
Dictionary of Physics, ed by Valarie H Pitt 
Penguin Books. London

POUND E. (1954)
Lost - Fine arts in the fallacy of the ridges 
J Prosthet Dent. 4: 6-16

PROFFIT W.R., KYDD W.L., WILSKIE G.H. and TAYLOR D.T. (1964) 
Intraoral pressures in a young adult group 
J Dent Res. 43: 555-562

PROFFIT W.R., CHASTAIN B.B. and NORTON L.A. (1969)
Lingulo palatal pressure in children 
Am J Orthod. 55: 154-166

PROFITT W.R. and NORTON L.A. (1970)
The tongue and oral morphology: influences of tongue activity 
during speech and swallowing. ASHA report (American Speech and 
Learning Association), No.5, pl06-115

PROFFIT W.R. (1975)
Muscle pressures and tooth position: North American Whites and 
Australian Aborigines 
Angle Orthod. 45: 1-11



PROFITT W.R. (1978)
Equilibrium theory revisited: factors influencing position of
the teeth
Angle Orthod. 48: 175-186 

RAYBIN N.H. (1963)
The polished surface of complete dentures 
J Prosthet Dent. 13: 236-239

REEVE P.E., WATSON C.J. and STAFFORD G.D (1984)
The role of personality in the management of complete denture 
patients
Brit Dent J. 156: 356

RINALDI P. and SHARRY J. (1963)
Tongue force and fatigue in adults 
J Prosthet Dent. 13: 857-865

RUSSELL A.F. (1959)
The reciprocal lower complete denture 
J Prosthet Dent. 9: 180-190

SCHARER P. (1968)
Reaction of the oral neuromuscular structures to the insertion 
of prosthetic appliances 
Int Dent J. 18: 800-811

SCHIESSER F.J. (1964)
The neutral zone and polished surfaces in complete dentures 
J Prosthet Dent. 14: 854-865

SCOTT J. (1961)
The role of the soft tissues in determining normal and abnormal
dental occlusion
Dent Practit. 11: 302-308

SCOTT I. and ASH M.M. (1966)
A six-channel transmitter for measuring occlusal forces 
J Prosthet Dent. 16: 56-61

SEIFERT I., LANGER A. and MICHMAN J. (1962)
Evaluation of psychologic factors in geriatric denture patients 
J Prosthet Dent. 12: 516-523

SETO H. (1963)
Studies on the sensory innervation 
In Bosma J.F. 2nd ed.
C.C.Thomas. Springfield, Illinois. U.S.A. pl04-217 

SHARRY J.J. (1974)
Complete Denture Prosthodontics; 3rd ed.
New York, McGraw Hill Book Co. Chap.2

SHEPPARD I.M., SCHWARTZ L.R., and SHEPPARD S.M. (1972)
Survey of oral status of complete denture patients.
J Prosthet Dent. 28: 121-126



SIMS F.W. (1958)
The pressure exerted on the maxillary and mandibular central 
incisors by the perioral and lingual musculature in acceptable 
occlusion
Am J Orthod. 44: 64-65

SILVERMAN S., SILVERMAN S.I., SILVERMAN B. and GARFINKEL L. 
(1976)
Self image and its relation to denture acceptance 
J Prosthet Dent. 35: 131-141

SMITH M. (1976)
Measurement of personality traits and their relation to patient 
satisfaction with complete dentures 
J Prosthet Dent. 35: 492-503

STAFFORD G.D., ABDUL WAHAB M.D. and WATSON C.J. (1986)
A transducer for pressure measurements at the denture-base 
mucosal surface 
Clin Mat. 1: 169-175

STROMBERG W.R. (1955)
A method of measuring forces of denture bases against supporting 
tissue
J Prosthet Dent. 5: 268-288 

STRUGHOLD H (1925)
Die topographic des kaltesinnes in der Mundhohle 
Z Biol. 83: 515-534

TAYLOR R.G. and DOKU H.C. (1963)
Dental survey of healty older persons 
J Am Dent Assoc. 67: 62-70

TOMES C.S. (1873)
The bearing of the development of the jaws on irregularities 
Dental Cosmos. 15: 292-296

WAIN E.A. (1961)
A method of measuring retention 
Proc Br Soc Study Prosthet Dent. 36-37

WAIN E.A. (1964)
Oral pressures
Dent Practit. 14: 195-197

WAIN E.A. (1969)
Use of telemetry in prosthetics 
Dent Practit. 20: 127-134

WATSON C.J. and ABDUL WAHAB M.D. (1984)
The development of an inexpensive pressure transducer for use at 
the denture base-mucosal surface interface 
Br Dent J. 156: 135-140



WATSON C.J. (1987a)
Pressure changes at the denture-base mucosal surface resulting 
from mandibular vestibuloplasties 
Brit Dent J. 163: 11-18

WATSON C.J and HUGGET R. (1987b)
Pressures recorded at the denture-base mucosal surface interface 
in complete denture wearers 
J Oral Rehab. 14: 575-589

WATT D.M., DURREN C.M. and ADEENUBI J.O. (1967)
Biometric guides to the design of complete maxillary denture 
Dental Magazine and Oral Topics. 84: 109

WATT D.M. and MacGREGOR A.R. (1976)
Designing Complete Dentures; Philadelphia USA, W.B.Saunders 

WATT D.M. (1978)
Tooth positions on complete dentures 
J Dent. 6: 147-160

WEINSTEIN S., HAACK D.C., MORRIS L.Y., SNYDER B.B. and ATTAWAY 
H.E. (1963)
An equilibrium theory of tooth position 
Angle Orthod. 33: 1-26

WINDERS R.V. (1956)
A study in the development of an electronic technique to measure 
the forces exerted on the dentition by the perioral and lingual 
musculature
Am J Orthod. 42: 645-657 

WINDERS R.V. (1958)
Forces exerted on the dentition by the perioral and lingual 
musculature during swallowing 
Angle Orthod. 28: 226-235

WINDERS R.V. (1962)
Recent findings in myometric research 
Angle Orthod. 32: 38-43

WRIGHT S.M. (1981)
Oral awareness and oral motor proficiency in retchers 
J Oral Rehabil. 8: 421-430

YURKSTAS B.S. and CURBY W.A. (1953)
Force analysis of prosthetic appliances during function 
J Prosthet Dent. 3: 82-87

YOSHIZUMI D.T. (1964)
An evaluation of factors pertinent to the success of complete 
denture service 
J Prosthet Dent. 14: 866-878



ZARB G.A., BERGMAN B., CLAYTON J.A. and MACKAY N.F. (1978) 
Prosthodontics treatment of partially edentulous patients 
The C.V. Mosby. St. Louis U.S.A.

ZARB G.A. (1979)
Bruxism and the denture wearer. In Proceedings of the second 
international prosthodontics congress 
The C.V. Mosby Co. St. Louis, USA

WATSON C.J., REEVE P.E., BARNES E., LANE A.E. and BATES J.F. 
(1986)
The role of personality in the management of partial dentures 
J Oral Rehab. 13: 83-91



APPENDIX

Appendix I. Tables 1-13 showing the values for surface contours.

Appendix II. Tables of raw data.

Appendix III. List of materials used in this investigation.



243

APPENDIX I

TABLE 1: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF LEFT BUCCAL SEGMENTS OF CASTS

S1-S6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

SI 19.70 20.27 20.62 20.81 20.83 20.73 20.40 19.72
S2 19.85 20.58 20.98 21.15 21.29 21.17 20.80 20.09
S3 19.93 20.46 20.82 21.01 21.00 20.75 20.22 19.45
S4 19.82 20.16 20.49 20.73 20.80 20.59 20.06 19.34
S5 19.76 19.99 20.17 20.34 20.36 20.11 19.72 19.05
S5 19.61 19.72 19.83 19.87 19.76 19.34

Mean 19.77 20.19 20.48 20.65 20.67 20.44 20.24 19.53
s.d 0.11 0.31 0.42 0.47 0.54 0.64 0.40 0.39

SI 0.34 0.15 0.16 0.17 0.10 0.18 0.23 0.35
S2 0.69 0.41 0.27 0.30 0.27 0.28 0.25 0.09
S3 0.55 0.49 0.38 0.34 0.31 0.32 0.31 0.22
S4 0.42 0.41 0.34 0.22 0.24 0.23 0.18 0.13
S5 0.42 0.35 0.31 0.25 0.20 0.13 0.10 0.16
S6 0.32 0.26 0.18 0.15 0.13 0.22

TABLE 2: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF RIGHT BUCCAL SEGMENTS OF CASTS 

S1-S6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

SI 18.30 19.64 20.47 20.95 21.15 21.05 20.73 20.34 19.98 19.63
S2 18.55 19.93 20.69 21.19 21.47 21.42 21.09 20.65 20.24 19.90
S3 18.07 19.33 20.39 21.27 21.60 21.76 21.49 21.08 20.61 20.08
S4 18.88 20.05 20.87 21.42 21.73 21.67 21.33 20.86 20.43 19.96
S5 17.73 18.50 19.43 20.33 21.00 21.31 21.21 20.84
S6 17.97 18.53 19.16 19.72 20.18 20.62

Mean= 18.25 19.33 20.21 20.81 21.18 21.30 21.17 20.75 20.31 19.89
Sd = 0.41 0.67 0.62 0.65 0.56 0.42 0.28 0.27 0.26 0.19

SI 0.41 0.24 0.16 0.22 0.41 0.63 0.63 0.41 0.29 0.44
S2 0.59 0.40 0.50 0.64 0.62 0.55 0.57 0.48 0.36 0.21
S3 0.25 0.27 0.27 0.47 0.51 0.50 0.32 0.24 0.26 0.27
S4 0.31 0.22 0.35 0.43 0.49. 0.36 0.19 0.15 0.15 0.18
S5 0.22 0.08 0.13 0.25 0.33 0.41 0.41 0.40
S6 0.18 0.31 0.25 0.26 0.06 0.10



TABLE 3: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF LEFT LINGUAL SEGMENTS OF CASTS

S1-S6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

SI 16.13 15.11 14.14 13.22 12.30 11.65 10.51 10.15 9.71
S2 17.24 16.09 15.03 14.08 13.03 11.94 10.94 9.95 9.28
S3 16.21 15.18 14.27 13.49 12.36 11.43 10.56 9.76 9.16
S4 15.87 14.70 13.67 12.86 11.96 11.02 10.17 9.57 9.24
S5 15.56 14.56 13.46 12.42 11.56 10.66 10.00 9.66 9.49
S6 16.24 14.94 13.77 12.66 11.74 10.98 10.55 10.27 10.06

Mean= 16.04 15.09 14.05 13.12 12.15 11.28 10.45 9.89 9.49
Sd 0.27 0.54 0.56 0.60 0.52 0.47 0.33 0.27 0.34

SI 0.09 0.07 0.09 0.19 0.30 0.40 0.26 0.21 0.18
S2 0.32 0.26 0.15 0.17 0.19 0.08 0.13 0.17 0.18
S3 0.23 0.24 0.16 0.18 0.23 0.19 0.13 0.24 0.23
S4 0.24 0.17 0.18 0.28 0.25 0.21 0.24 0.19 0.18
S5 0.19 0.16 0.26 0.41 0.29 0.26 0.26 0.19 0.14
S6 0.09 0.17 0.14 0.25 0.26 0.22 0.15 0.20 0.29

TABLE 4: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF RIGHT LINGUAL SEGMENTS OF CASTS 

S1-S6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

SI 9.04 9.84 10.69 11.46 12.44 12.64 13.71 14.74 15.69
S2 8.81 9.46 10.06 10.77 11.56 12.47 13.52 14.63 15.72
S3 9.01 9.49 10.01 10.57 11.11 12.04 13.06 14.21 15.29
S4 9.84 10.21 10.69 11.17 11.79 12.73 13.77 14.92
S5 10.52 10.81 11.06 11.38 12.05 12.98 14.06 15.02
S6 10.62 10.74 10.99 11.20 12.52 13.16 14.06 14.95

Mean= 9.96 10.42 10.90 11.47 12.25 13.19 14.24 15.26
Sd = 0.49 0.36 0.34 0.49 0.33 0.36 0.37 0.36

SI 0.13 0.08 0.08 0.14 0.19 0.27 0.20 0.16 0.29
S2 0.10 0.14 0.12 0.27 0.22 0.26 0.28 0.23 0.22
S3 0.23 0.10 0.20 0.32 0.35 0.19 0.15 0.18 0.20
S4 0.10 0.10 0.24 0.22 0.18 0.21 0.21 0.16
S5 0.09 0.03 0.11 0.11 0.19 0.20 0.17 0.13
S6 0.21 0.18 0.08 0.07 0.09 0.13 0.14 0.10
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TABLE 5: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF LEFT BUCCAL SEGMENTS OF CASTS

H1-H6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

HI 14.41 15.38 16.22 16.92 17.40 17.54 16.91
H2 15.09 16.02 16.75 17.39 17.80 17.79 17.22
H3 15.31 16.17 16.95 17.51 17.84 17.84 17.49
H4 15.35 16.15 16.95 17.55 17.89 17.86 17.56
H5 15.16 16.14 16.92 17.51 17.84
H6 14.95 15.85 16.73 17.41

Mean= 15.04 15.95 16.75 17.38 17.75 17.75 17.29
Sd = 0.34 0.30 0.27 0.23 0.20 0.12 0.29

HI 1.99 1.15 1.04 0.61 0.36 0.32 0.54
H2 1.55 0.96 0.64 0.39 0.29 0.34 0.47
H3 1.36 0.89 0.64 0.42 0.23 0.26 0,52
H4 1.04 0.71 0.53 0.37 0.22 0.18 0.30
H5 1.02 0.59 0.45 0.48 0.30
H6 0.59 0.43 0.30 0.25

TABLE 6: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF RIGHT BUCCAL SEGMENTS OF CASTS 

H1-H6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

HI 16.23 17.16 17.66 17.71 17.48 16.91 16.19 14.82
H2 16.41 17.33 17.88 17.99 17.85 17.40 16.72 15.73
H3 16.86 17.53 17.94 18.12 17.78 17.46 16.80 16.08
H4 17.64 18.06 18.10 17.89 17.51 16.83 16.43
H5 19.30 17.88 18.09 17.89 17.49 16.85 15.82
H6 18.07 17.79 17.44 16.73 15.60

Mean= 16.50 17.79 17.88 18.01 17.79 17.36 16.68 15.74
Sd = 0.32 0.86 0.14 0.15 0.15 0.22 0.24 0.54

HI 0.54 0.47 0.61 0.68 0.69 0.89 1.22 2.29
H2 0.44 0.45 0.58 0.63 0.64 0.72 0.90 1.22
H3 0.44 0.48 0.58 0.63 0.62 0.73 0.87 1.09
H4 0.70 0.79 0.78 0.70 0.71 0.78 0.69
H5 0.72 0.80 0.79 0.73 0.70 0.72 0.95
H6 0.60 0.65 0.68 0.68 0.93
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TABLE 7: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF LEFT LINGUAL SEGMENTS OF CASTS

H1-H6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

HI 15.91 15.67 15.42 15.23 14.83 14.22 13.62 12.94 12.43
H2 15.80 15.55 15.33 15.08 14.55 13.81 13.19 12.50 12.04
H3 15.67 15.34 15.04 14.62 14.06 13.35 12.76 12.27 12.09
H4 16.10 15.27 14.73 14.41 13.95 13.37 12.76 12.48 12.43
H5 16.55 15.50 14.72 14.16 13.61 13.22 13.08 13.27
H6 16.38 15.85 14.58 13.64 13.17 12.83 12.83 13.00

Mean= 16.81 15.79 15.31 14.77 14.20 13.58 13.06 12.68 12.54
Sd = 0.18 0.54 0.38 0.31 0.42 0.38 0.34 0.31 0.49

HI 0.78 0.59 0.48 0.45 0.41 0.52 0.46 0.41 0.37
H2 0.81 0.69 0.58 0.56 0.65 0.64 0.76 0.72 0.67
H3 0.21 0.18 0.24 0.28 0.20 0.30 0.45 0.48 0.41
H4 0.22 0.07 0.08 0.03 0.02 0.09 0.15 0.20 0.05
H5 0.25 0.27 0.18 0.16 0.19 0.25 0.22 0.11 0.17
H6 0.21 0.11 0.17 0.14 0.17 0.21 0.31 0.25

TABLE 8: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF RIGHT LINGUAL SEGMENTS OF CASTS 

H1-H6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

HI 10.71 11.38 11.98 12.40 13.07 13.72 14.69 15.47 16.01
H2 10.47 10.97 11.38 12.03 12.65 13.25 13.95 14.72 15.40
H3 10.88 11.18 11.45 12.03 12.65 13.25 13.85 14.54 15.30
H4 11.76 11.95 12.32 12.80 13.36 14.02 14.82 15.92
H5 11.89 12.16 12.84 13.17 13.75 14.71
H6 11.83 12.26 12.78 13.09 14.02

Mean= 11.50 11.86 12.40 12.90 13.55 14.24 14.88 15.65
Sd = 0.38 0.36 0.35 0.23 0.31 0.42 0.40 0.35

HI 0.47 0.39 0.78 0.44 0.47 0.46 0.64 0.75 0.76
H2 0.46 0.34 0.38 0.36 0.37 0.40 0.44 0.51 0.56
H3 0.43 0.55 0.63 0.55 0.44 0.46 0.49 0.47 0.42
H4 0.66 0.63 0.59 0.48 0.46 0.49 0.49 0.50
H5 0.58 0.60 0.49 0.43 0.43 0.31
H6 0.38 0.31 0.40 0.35 0.43



TABLE 9: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF LEFT BUCCAL SEGMENTS OF CASTS

W1-W6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

W1 12.65 13.72 14.68 15.52 16.17 16.72 17.12 17.44 17.24
W2 12.84 13.90 14.91 15.76 16.54 16.99 17.40 17.60 17.34
W3 12.90 14.22 15.36 16.40 17.22 17.72 18.08 18.13 17.88
H4 13.64 14.91 15.94 16.74 17.11 17.30 17.26 17.48
W5 14.27 15.21 16.27 17.15 17.60 17.97 17.65
W6 14.38 15.33 16.10 17.01 17.02

Mean= 13.44 14.54 15.54 16.43 16.94 17.34 17.50 17.66 17.48
Sd = 0.75 0.69 0.65 0.66 0.51 0.55 0.37 0.31 0.34

W1 0.30 0.29 0.19 0.31 0.48 0.49 0.50 0.44 0.36
W2 0.23 0.33 0.44 0.62 0.75 0.97 0.84 0.78 0.85
W3 0.18 0.40 0.50 0.57 0.67 0.80 0.77 0.74 0.60
W4 0.12 0.27 0.37 0.43 0.56 0.66 0.56 0.28
W5 0.32 0.43 0.39 0.44 0.44 0.47 0.47
W6 0.30 0.29 0.19 0.22 0.21

TABLE 10: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF RIGHT BUCCAL SEGMENTS OF CASTS 

W1-W6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 ,25
•V

30 35 40 45 50 55

HI 15.08 16.40 16.70 16.75 16.82 16.68 16.49 16.28 15.97 15.10
W2 16.51 16.69 16.93 17.11 17.03 16.67 16.37 15.89 15.34 14.57
W3 17.60 17.93 17.98 18.05 17.82 17.43 16.94 16.46 15.85 15.11
W4 17.80 18.05 18.10 17.87 17.51 16.95 16.27 15.53 14.89
W5 17.66 17.81 17.65 17.32 16.80 16.16 15.48 14.73
W6 17.03 16.90 16.50 16.00 15.36 14.61

Mean= 17.20 17.46 17.46 17.37 17.08 16.67 16.17 15.58 14.83
Sd = 0.77 0.61 0.61 0.46 0.38 0.25 0.20 0.26 0.23

W1 0.29 0.28 0.17 0.22 0.45 0.69 0.84 0.83 0.96 1.09
W2 0.24 0.31 0.27 0.16 0.26 0.30 0.29 0.36 0.43 0.45
W3 0.22 0.20 0.25 0.21 0.28 0.21 0.33 0.47 0.56 0.57
W4 0.39 0.36 0.28 0.35 0.41 0.45 0.32 0.29 0.38
W5 0.30 0.24 0.20 0.19 0.29 0.41 0.40 0.40
W6 0.31 0.38 0.30 0.19 0.19 0.28
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TABLE 11: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF LEFT LINGUAL SEGMENTS OF CASTS

W1-W6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

W1 13.64 13.20 12.74 12.30 11.78 11.30 11.13 10.80
W2 14.30 13.55 12.89 12.39 11.93 11.54 11.22 10.85 10.51
W3 13.93 13.33 12.79 12.31 11.85 11.51 11.34 11.09 10.94
W4 13.69 12.94 12.40 12.03 11.73 11.58 11.55 11.62 11.73
W5 13.62 12.81 12.21 11.84 11.69 11.74 11.94 12.05 12.12
W6 14.20 13.31 12.59 12.05 11.93 12.00 12.07 12.16 12.22

Mean= 13.94 13.26 12.68 12.22 11.90 11.69 11.57 11.48 11.38
Sd = 0.30 0.32 0.35 0.32 0.21 0.18 0.35 0.54 0.72

W1 0.33 0.41 0.46 0.46 0.42 0.47 0.39 0.42
W2 0.52 0.49 0.42 0.41 0.38 0.45 0.59 0.67 0.77
W3 0.31 0.25 0.24 0.30 0.33 0.31 0.27 0.30 0.32
W4 0.30 0.33 0.28 0.29 0.38 0.36 0.37 0.40 0.40
W5 0.13 0.25 0.26 0.39 0.44 0.43 0.45 0.44 0.40
W6 0.18 0.26 0.37 0.45 0.50 0.48 0.41 0.41 0.37

TABLE 12: MEAN AND STANDARD DEVIATION (mm) OF THE SIX MEASUREMENTS
OF EVERY FIFTH POINT OF RIGHT LINGUAL SEGMENTS OF CASTS 

W1-W6 AT PROFILE LEVELS 1-6

RECORDED
POINTS

5 10 15 20 25 30 35 40 45 50 55

W1 12.44 12.61 12.81 13.12 13.16 14.47 15.39 15.45 15.66 16.83
W2 12.59 12.74 12.89 13.06 13.88 14.13 14.66 14.73 15.70 16.98
W3 12.71 12.81 12.80 13.09 13.31 13.71 14.26 14.93 15.74 16.67
W4 13.46 13.99 14.11 14.20 14.26 14.58 15.11 15.77 16.53
W5 13.49 13.81 14.48 14.62 14.82 15.29 16.00 16.81
W6 13.58 13.73 14.47 14.40 14.55 14.95 15.57 16.16

Mean= 13.26 13.48 13.91 14.26 14.71 15.07 15.74 16.66
Sd = 0.49 0.45 0.57 0.32 0.38 0.26 0.14 0.29

W1 0.44 0.36 0.24 0.25 0.33 0.36 0.31 0.42 0.56 0.54
W2 0.38 0.35 0.29 0.37 0.48 0.56 0.62 0.51 0.58 0.26
W3 0.24 0.41 0.50 0.45 0.43 0.47 0.49 0.37 0.34 0.36
W4 0.39 0.45 0.35 0.37 0.38 0.34 0.34 0.38 0.36
W5 0.35 0.39 0.43 0.46 0.36 0.21 0.25 0.32
W6 0.24 0.30 0.36 0.32 0.20 0.23 0.31 0.26



TABLE 13: COEFFICIENT OF VARIATION OF THE MEAN AND STANDARD DEVIATION
(mm) OF THE SIX MEASUREMENTS OF EVERY FIFTH POINT OF ALL

THE CASTS AT PROFILE LEVELS 1-6

Row means Left buccal Right Buccal Left Lingual Right Lingual

20.38 20.22 12.54 12.65
20.73 20.51 12.06 12.27
20.45 20.56 12.49 11.97
20.24 20.72 11.39 11.89
19.93 20.04 11.93 11.89
19.68 19.41 12.35 12.28

Overall mean 20.23 20.24 12.29 12.15
s.d 0.37 0.47 0.57 0.29
s. e 0.13 0.14 0.12 0.10

Coeff. variation 2.01% 2.13% 3.52% 3.26%

MODEL "S"

Row means 16.39 16.77 14.47 13.59
16.88 17.16 14.20 12.91
17.01 17.32 13.91 13.03
17.04 17.49 13.61 13.36
16.71 17.61 14.26 13.08
16.23 17.12 14.03 12.79

Overall mean 16.71 17.21 14.08 13.12
s.d 0.33 0.29 0.30 0.29
s.e 0.12 0.10 0.10 0.10

Coeff. variation 1.50% 1.91% 2.62% 2.63%

MODEL "H"

Row means 15.69 16.35 12.11 14.61
15.92 16.28 12.13 14.50
16.43 17.06 12.12 14.31
16.29 16.99 12.14 14.81
16.58 16.70 12.22 14.91
15.96 16.06 12.50 14.67

Overall mean 16.14 16.57 12.18 14.63
s.d 0.34 0.40 0.16 0.21
s.e 0.11 0.13 0.05 0.07

Coeff. variation 3.38% 2.47% 3.02% 2.57%

MODEL "W"
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APPENDIX III

The materials and equipment used in this study have been listed 
as follows:-

Perspex sheet

Class 1 dental stone:

Zinc oxide eugenol 
impression paste

ICI Ltd.
Slough. England

British Gypsum Ltd.
Industrial Products Division 
Beacon Hill, Newark, Notts NG2 4JQ

S S White Dental Products
Mill street. Kingston-Upon-Thames
Surrey. KT1 2RQ

Silicone Impression 
material

Xantopren 
Bayer. Germany

Drufolit Ratiodent. Dreve 
Max-Planck Str.31 
D-4750 Unna. W Germany

Betacryl II Baxter of Bradford, Ltd. 
Carr House. Carrbottom Road 
Bradford. BD5 9EJ

Duralay

Green sheet casting 
wax and
Cut off disc 7/8"

Inlay pattern resin 
Reliance Dental Mfg. Co. 
Worth, Illinois. USA 60482

Chaperlain and Jacobs Ltd. 
No 1 Four Seasons Cresent 
Kimpton Road. Sutton 
Surrey. SM3 9QR

Nickel Silver Rod OMX NS 11 6.35mm
Tube OMX NS 12 6.35mm I/D 
Orthomax Ltd.
Bankfield House 
Carrbottom Road 
Bradford. BD5 9EJ

Temporary adhesive

Wiptam wire

Sticky Tac 
DRG Sellotape

Krupp Medizintechnik GmbH 
HarkortstraBe 65
Postfach 102142. D. 4300 Essen 1

Epoxy Resin 
High stability 
resistor

Araldite (Quick and slow setting) 
Precision wirewound 120 ohms 
RS Cmponents Ltd.



Heat shrinkable 
sleeving
Swiss needle files 

Conductor cable

PVC Coating

Reversible Hydro
colloid duplicating 
material

Drufolon

Peripheral Seal

Dentatus Articu
lator ARS

EMCO (lathe)

Soldering Iron

Drufomat

XY Plotter 28000

Transducer meter C56:

PO Box 99 Corby 
N Hants. NH17 9RS

336-FTE M-Line accessories 
Measurement Group Inc.
Raleigh N. Carolina

Vycoat ACA 60 PVC Coating 
Plascoat Systems Ltd.
Trading Estate. Farnham 
Surrey. GU9 9NY

Crutogel
Krupps. Panadent 
15 Gt. Dover street 
London Sel 4YW

1mm thick sheet 
Dreve Dentamid 
Unna. W Germany

Kerr Laboratories 
UK

Jakobs Dasvagen 14-16 
S-126 53 Hagersten 
Sweden

Unimat 3 
Made in Austria

RS Components Ltd.
PO Box 99. Corby 
N Hants. NH17 9RS

Dreve D-4750 
Industri park 
Unna. W Germany

Brians Scientific Instruments 
PO Box Ch-4002 
Basel. Switzerland

Sangamo Western Controls Ltd. 
North Bersted. Bognor Regis 
Sussex. England

Micro-computer Apricot PC


