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ABSTRACT

Little research has "been carried out into

movements of the mandible in speech although the tongue

movements have been fairly extensively studied. This

lack of research can probably be traced to the

technical difficulties involved.

There are many reported methods for examining

jaw movements, but virtually all have disadvantages,

these being lack of accuracy, non linearity or

analysis difficulties.

A transduction apparatus v/as developed using

synchro-transmitters.

The apparatus was designed to transduce both

vertical and antero-posterior mandibular movements

and to compensate for head movement during speech.

The output was linked to a Mingograf paper recorder

and a tape recorder which permitted subsequent play

back. The problems of computer analysis of speech

movements are discussed.

A sample of 54 normal subjects, composed of students

and staff of the Edinburgh Dental Hospital, was examined.

Morphological data was obtained from impression casts

and from cephalometric radiographs, the radiation

aspects of which are discussed.

Previous work by various authors has suggested a

relationship between oral form and mandibular movements

in speech. No such relationship was found when the

Intermaxillary Space Index was considered. However,
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the incisal occlusion was shown to have a close

relationship with mandibular movements during speech.

The mandibular position for various speech sounds

is discussed. It was shown that there v/as a fairly close

relationship between tongue and mandibular positions

for articulation of vowels. Incisal occlusion was

shown to be of importance in anterior translation

of the mandible for incisal and alveololingual

consonants. The mean range of mandibular movement

was found to be remarkably small although there were

large inter-subject variations. This is discussed.

The shape of the oral cavity was altered by

insertion of artificial palates of varying sizes to

investigate their effects upon mandibular movements.

This was studied during the repeated enunciation of a

more simplified speech phrase. Monitoring of the

movements was undertaken on insertion of the palates

and when full articular compensation had occurred.

Changes in jaw position were noted. These were

small in relation to the bulk of the appliances and to

the clinically accepted variations of position when

phonetic methods are used to determine vertical

dimension during full denture construction since

individual variation of the closest speaking space

is large.

It is concluded that conventional dentures will

have little effect on mandibular movements in speech.
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"Speech is external thought, and thought internal

speech".

RIVAROL (1753 - 1801)
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Hz : Herz, unit of frequency equal to one cycle per
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CHAPTER 1

INTRODUCTION



1 . INTRODUCTION

Speech has always been the most important means of

communication and is regarded by many as one of the

chief forces behind human progress. Naturally it has

been the focus of interest for generations of scientists.

Over many years, physiologists have been occupied

v/ith the concept of form related to function and a wide

literature supports this belief. Despite the complexities

of such investigations, speech has been subjected to

this type of research.

It has been suggested that some sounds may be

pronounced with greater or less ease depending upon

oral morphology and various studies have shown that

oral anatomical variations exist between racial groups.

This could be a factor in many of the language changes

which occur in populations over a period of time.

Many dentists have been interested in speech

and speech pathology. The Orthodontist is mainly

concerned about possible relationships between speech

defects and malocclusions of the natural dentition.

His aim may be to correct malocclusions of the

dentition in order to correct such speech defects, or

to avoid speech defects in the future. The Prostho¬

dontist, on the other hand, is interested in the

relationship of artificial appliances to speech. This

interest may be direct tov/ards the correction of

speech defects as in the obturation of palatal clefts,

or more usually the avoidance of speech defects, by

the correct design of dental prostheses.

- 1 -



V/hen an appliance is placed in the mouth,

modifications to the functional movements of the tongue

and the mandible can be anticipated.

If the appliance is not too large, increased

tongue and mandibular movements would be expected to

compensate and normal (compensated) speech to result.

With further increases in the bulk of the appliance,

however, speech compensations will no longer be possible

and defective speech will occur. The manner and

degree of such speech interference will depend upon

the position of the bulk relative to the appliance.

In denture construction, bulk has particular

relevance since unnecessary thickness or, in the case

of partial dentures, incorrect placement of bars may

cause interference or difficulty with speech.

HARDCAST1E (1974) has indicated the fairly extensive

studies of tongue movements in speech. However, there

has been surprisingly little research carried out into

movements of the mandible in speech. Indeed, there

is little knowledge of the mandibular positions for

most sounds or what modifies the jaw positions for

those sounds. The effects of varied oral morphology

on the jaw movements and, in particular, the effect

upon these movements of the insertion into the mouth of

dental appliances of various designs are all areas of

deficiency of knowledge. This lack of research may

be because of the technical difficulties involved

in such an investigation.
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This study is concerned with the investigation

of some of these aspects of mandibular function.
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2.1 BIOLOGICAL ASPECTS OF LANGUAGE - Form related

to Function.

Although common principles underlie the structure

of all languages, they differ in their spoken form

by virtue of the diversity of sounds used (VIG, 1972).

These sounds permit in the English language alone

a vocabulary of approximately one million words,

but even granting that three quarters of them belong

to specialist fields, to trade jargons, or to slang,

an 'average' use and recognition vocabulary may

consist of only thirty to sixty thousand words (PEI,

1968) - an estimate considered by many educationalists

to be itself overgenerous.

Precision of speech is governed by the discrim¬

ination of the human ear (RUSSEH»>1935), which is

much finer than that required purely for intelligibility;

one has only to consider the tonal inflections used

to give added meaning to the words used - amusement,

anger, contempt, sympathy and suspicion (ABERCROMBIE,

1967). He considered that there are no movements

more skilled than those made for speech.

VIG believes that there is no totally satisfactory

explanation either for the differences in sound

complement of various languages and regional dialects,

or for changes in pronounciation occurring over a

period of time.

ZIPF (1965) contends that the ENTIRE behaviour

of an individual is at all times motivated by the



desire to minimise effort, effort being the average

planned rate of work. He suggests that each language

will tend to select those phonetic forms which

require least effort to articulate orally and

discriminate aurally.

The effect of these forces are to be seen in the

widespread use of pidgin or Creole in various parts

of the world, where the incoming tongue predominates

but makes abundant concessions to the speech of the

original inhabitants (PEI, 1968), or the very simplified

English used in the southern United States of America,

where the owners and slaves, genetically dissimilar,

by imitating one another, have produced in the course

of 500 years a convenient intermediate compromise

(DARLINGTON, 1947).

A further illustration of the principle of least

effort is the use of assimilation. These are the

changes in pronounciation which take place, under

certain conditions, at the ends or beginnings of

words, when these words occur in connected speech.

For example, IS is usually pronounced is, and

SHE as Ji, but when the two words come together in
IS SHE, they are pronounced as rather than izji,
or DID (did) and YOU (ju) appear in sequence as

did^u.
Assimilations have the effect of producing some

economy of effort in reducing the number, or extent,

of the movements and adjustments which the speech
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producing organs have to perform in the transition

from one word to the next (JESPERSEN, 1922; ABERCROMBIE,

1967).

Economy of effort thus can produce a major change

in any living language in altering its pronounciation.

Easier pronounciation of English has resulted

from diphthongisation of vowels and a softening

and anteriorisation of consonants, indeed, in about

80 per cent of consonantal sounds and 50 per cent of

vowel sounds in the English language, the area of

functional activity is at the front of the mouth

(ROTH, 1940).

The letter 'c' had its origin in a 'k' sound

but later it became palatised before front vowels:

cese to cheese, while 1 sc' came to have the sounds

of modern ,shl: sceap to sheep, and 'g' to 'y' as

in gear to year in old English (PEI, 1968).
It is of passing interest that the Viking influence

X
hardened these sounds again and has resulted in such

doublets as: cattle; chattel, skirt; shirt, scatter;

shatter (POTTER, 1950; PEI, 1968).

Although it is widely recognised that economy of

effort is important in phonetic change, it is not

the main factor in the process (B100MEIELD, 1933,

BROSNAHAN, 1961 & JESPERSEN, 1922). Indeed the

general diphthongisation and shortening of long

vowels in the English language, which occurred

between Chaucer's time and our own, knownto linguists

- 6 -



as the Great Vowel Shift. (POTTER, 1950)

u

ou

a

o

stan

stone gos
\

goose hus

house

appears to increase effort (BROSNAHAN).

It could be argued however that the process was,

in part, a result of pidginisation after the Norman

Conquest (PEI, 1968).

MOORE, LAVELLE & SPENCE (1968) showed, in a study

of 517 skulls, dating from prehistory to the 19th

Century, that a marked reduction of mandibular angle

and mandibular length occurred over the period

between the Middle Ages and the 17th Century, probably

with a reduction in the size of the facial skeleton.

It is suggested that these changes were caused by

dietary alterations towards softer foods over the

period in question. A similar change over the last

160 years in west Sweden has been noted by INGERVALL

ET AL (1972).

Whatever the cause, an altered jaw size could,

over a period of time, in "die view of DARLINGTON

(1947, 1961 ) induce alterations to pronunciation,

including those mentioned earlier, since he suggests

that speech articulation or function is related to

oral form, a theory mentioned by HUNTER in 1803.

KAISER (1935") found that subjects with low

palates pronounced consonants more clearly but
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vowels were dull, whereas high palates resulted in

clear vowels but dull consonants. 3f*e suggested

further, that there are definite differences in

palatal heights when comparing one country with

another, although there is no such thing as a 'pure'

stock or race but rather a genetic cline variation

(BROSNAHAN).

KAISER reported that psychological tests related

high palates with degree of civilisation (and neurosis).

SHse found that the Butch had high palates, the Banes

and Germans low palates.

BARLINGTOK (1947) propounded the hypothesis

that the observed differences in capacity for, and

choice of, sound complement among different races

have, in part, a genetic basis. The importance of

genetics in the biological differences between races

or groups has been suggested by several workers.

HOPE & EBZARB (1910) and KUNITOMO (1912) reported

the difference in tongue length between Negroes,

Japanese and Melanesians, RUBER (1930) pointed out

the racial differences of the mimetic facial mus¬

culature and of facial expression, while HONIKMAN

(1964) supports the latter's view that a person

learning a foreign language adopts the facial expression

of that country. KAISER noted genetic differences in

palatal form, STURTEVANT (1940) felt the ability to

roll the tongue was a genetically inherited feature,

while 1UCHSINGER (1944) stated: "Bie Stimme ist also

- 8 -



wie die Haut-, Haar- und Augenfarbe eine erbliche

Eigenschaft". (The voice is, like the skin, hair
and eye colour an hereditary feature.) MATHENY
& BRUGGEMAN (1973) indicated that there is a strong

hereditary influence in articulation in a study of

twins and siblings.

DARLINGTOE'S evidence that genetic factors play

a part in the selection of the sound complement was

derived, in part, from the finding that the distribution

of the TH sound in Europe corresponded with the

gene frequency distribution of blood group 0. This

view was supported by BROSNAHAN who showed DARLINGTON'S

findings to be statistically significant. Different

genotypes would establish PREFERENCES on account of

economy, or ease, of speech which expressed itself

in many linguistic rules and lead to language change.

Both ABERCROMBIE (1965) and DARLINGTON (1947)

instance the failure of the tribe of Ephraim to

pronounce the word 'Shibboleth' correctly. That

tribe, apparently, differed from its neighbour of

Gilead in such a way that 'SH' was more difficult

to articulate than 'S'.

"And the Gileadites took the passages of Jordan

before the Ephraimites: and it was so that when those

Ephraimites which were escaped said, Let me go over,

that the men of Gilead said unto him, Art thou an

Ephraimite? If he said Nay: then they said unto

him, Say now Shibboleth: and he said Sibboleth:

- 9 -



FOR HE COULD NOT FRAME TO PRONOUNCE IT RIGHT. Then

they took him, and slew him at the passages of Jordan:

and there fell at that time of the Ephraimites,

forty and two thousand". (JUDGES, xii 5-6).

COMMENT

Although largely conjectural, there appears to

be a strong body of opinion, as shown in the reviewed

work on the biological aspects of speech, which

suggests an interdependence between oral form and

speech function. Further, it is suggested that

changed oral form of a people or group, as opposed

to the individual, has led, in part, to alterations

in speech behaviour over a period of time.

Further research is indicated to examine some

aspects of the adaptive mechanism whereby normal

(compensated) speech is achieved when oral form is

altered by the insertion of artifical palates of

varying forms and dimensions.
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2.2 SPEECH PATHOLOGY - DEFECTIVE SPEECH AND ORAL FORM

As 80 per cent of consonantal sounds and 50 per

cent of vowel sounds are produced, or have their areas

of functional activity, at the front of the mouth

(KIMBALL & MUYSKENS, 1937; RAMSAY, 1937 and ROTH, 1940),

it is not surprising that a causal relationship between

malocclusion and speech defects should be presumed.

The literature on this subject, though extensive,

appears to contradict this almost as often as it supports

it.

HILLMAN (1917), WEPMAN (1937), MARRIOTT (1939)

and KESSLER (1954) consider Angle's Class II and Class

III malocclusions, narrow high palates, incisal

irregularities, spaced or absent teeth and open bite,

as malocclusions mainly associated with defective

speech. TIPNIS (1971) suggested a possible relationship

between interdental jsj and high EMPA especially in
Angle's Class II div.1 cases. ZAWARDSKA-SMOLARSKA

(1960) concluded that speech defects, especially

lisping, are associated with malocclusion. However,

the type of speech defect did not necessarily corres¬

pond with a specific class of malocclusion.

The correlation betv/een defective speech and

malocclusion is not, however, total. HILLMAN (1917)

and WRAY (1952) and others have pointed out the

co-existence of defective speech with good occlusion,

and of good speech with marked malocclusions.

KAISER (1935) found that adult subjects with low
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palates pronounced consonants more clearly tut vowels

were dull, whereas those with high palates gave clear

vowels "but dull consonants. Se further suggested that

palatal height varies from country to country. On

the other hand FAIRBANKS and LINTNER (1951) observed

that variations in palatal form was not significantly

related to articulatory proficiency.

BRUGGEMAN (1934) in a survey of 477 children aged

between 4 and 8 years, found that 65 per cent of the

total and 87 per cent of the defective speech group

had malocclusion. Spacings between the teeth ana high

palates were common among the defective speakers.

These views were shared by RAMSAY (1937). INGERVALL

and SARNAS (1962) found that the occlusions of lispers

differed little from those of non lispers used as

paired controls.

It will be noted that these studies covered the

period of the mixed dentition, when the child is gaining

mastery of the consonantal sounds. Indeed, GA.RDIRER

(1949) and RATHBONE (1955) state the N sound, one
of the commoner defects of speech, is mastered last.

On the other hand FRO'SCHELS (1926) believes that lisping

is caused by inadequate tongue function rather than

by malocclusion.

Further, when it is considered that the production

of speech is dependent upon a complex system of auditory,

cerebral and motor function in which defects may occur,

it becomes obvious that the part played by an abnormality
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in the dentition and associated parts must be a relatively

small one (HOPKIN & McEY/AN, 1956).

Despite these views, open bite imposes the greatest

difficulty to normal speech (FAIRBANKS & LINTNER, 1951),

particularly with the plosives^/sndjdjwhere a pocket of
air is usually trapped by the tip of the tongue against

the upper alveolus before allowing its rapid escape

(DENNIS, 1967); while severe inferior protrusions

cause difficulty with jsj sounds. Even in such cases
most authorities consider that these obstacles can be

overcome given, good auditive perception, intelligence

and conscious effort (HOPKIN & McEWAN, 1955; MORLEY,

1955). MARGE (1965) illustrates this with the following

relationship:

(a) Normal structures + normal movement = normal speech

(b) Abnormal structures + maladaptive movements =

defective speech.

(c) Normal structures + maladaptive movements = defective

speech.

(d) Abnormal structures + adaptive movements = normal

(compensated) speech.

VAN THA.L (1935) commenting on a study of 180

orthodontic patients, 90 per cent of whom had speech

defects, stated: "there is sufficient evidence available

to prove that adaptability and skill in the use of the

tongue compensate for many dental malformations" and

even "dental irregularities are not a cause of articulatory

defects", (1954). BALLARD (1960), BERNSTEIN (1954),



RATHBONE (1955), WARDLAW (1962) and FLOWER and LAWSON

(1971) agree with this view as does TURET (1962) who

explains how this is achieved in jsj sound production.
SUBTELLY and SUBTELNY (1962) consider that persons

with defective speech articulation tend to have a pro¬

portionately high incidence of malocclusion. However,

if a speech defect is present it cannot be assumed to

have a strict cause and effect relationship to the

malocclusion.

COMMENT

The compensatory ability of skilled tongue use as

commented on by VAN THAI (1935) precludes any assumption

of a strict cause and effect relationship between

speech defect and malocclusion in any individual case.
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2.3 DENTURES AND SPEECH

That poor speech production is r.ot a more important

cause of denture complaint is largely due to the ability

of the tongue to compensate for many prosthetic errors

(YLPPO, 1955, CLEMENCON, 1972).

Despite that view, loss of the incisor teeth alters

the sounds of speech, /s/ "becomes hissed but there are

also alterations to /n,l,d,f,v,z,w,5 and ©/. Teeth

are essential to give solidity to the walls of the

oral cavity and so give good resonance (YLPPO*, 1955).
Much has been written about the effects of dentures

on speech; most standard text books of Prosthodontics

include a chapter, frequently superficial, on the

subject. One of the most comprehensive papers on

this aspect of Prosthetic Dentistry was that of LAV/SON

& BOND (1968 - 69) in which they examine the effects of

variations in denture design on the precision and clarity

of speech.

The importance of the correct labio-palatal incisor

position for precise speech articulation has been

stressed by many workers including, amongst others,

FENN et al (1953), KOIVUMAA (1956), SEBASTIANI (1960),

ROTHMAN (1961), POUND (1966 & 1972), SILVERMAN (1967),
LAWSON & BOND (1968 - 69), MURRELL (1972) and MURRELL

& POUND (1973). If the incisors are placed too far

labially distortions to /s,J,z,f, and v/ will occur.
On the other hand, as FENN et al (1953) maintain,

placing the incisors too far labially is usually avoided
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for aesthetic reasons.

Placing the teeth too far palatally results in

distortions of /s,J, and z/ owing to tongue crowding.
However, as PENH et al have pointed out, the tongue

more readily accommodates to antero-posterior errors.

SAGGERS (1939), SLAUGHTER (1945), LAPDA (1947),

SILVERMAN (1953), YLPPO (1955) and CHIERICI & LAWSON

(1973) all stress the importance of the correct

vertical dimension and level of the occlusal plane in

denture construction. >

If the upper denture is too short, the lower lip

will not meet the upper teeth and the labiodentals

/f and v/ will be distorted with attendant 'denture

speech' (LAV/SON & BOND). On the other hand, if the

denture is too long, the lips will touch prematurely

accompanied by difficulties with /p,b,s,z,f and v/.
LAV/SON & BOND went into greater detail to discuss

the alterations to resonance and carrying power of the

voice associated with increased and decreased vertical

dimension of the dentures.

BOGHOSIAN & SPANGENBERG (1937) found the greatest

changes in the vov/el spectrum of oral resonance fre¬

quencies occurred with the front vowels /i and 1/
and least with the back vowels when dental appliances

were fitted. On the other hand, HARDCASTLE (1972)

noted that speech interference from artificial palates

is minimal if they are made thin enough. ROTH (1940)
was concerned about the placement of palatal bars and
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suggested that disto-palatal placement should cause

less change to the quality of the voice. ABERCROMBIE

(1973), however, found disto-palatal bar placement

caused considerable change to voice quality in stressed

speech.

MARTONE & BLACK (1962) pointed out that, in

constructing prostheses, dentists replace structural

losses but must, of necessity, add to areas where no

structural loss occurred, e.g. the hard palate, a most

critical area of speech production since the anterior

third has been referred to as the playground of the

tongue. KESSLER (1957) maintained that if the

denture was too thick in the alveolar ridge area, there

would be interference with the alveolo-linguals /t and d/.

ALLEN (1958) in a palatographic study stated that the

area most sensitive to thickness of the denture base

was the anterior alveolar area, additions of 1mm

making speech difficult but not indistinct. He

maintained, however, that the entire vault area could

be thickened as far as the tongue contact area without

affecting speech. On the other hand, MARTOKE (1957)
found that there was a significant relationship between

palatal thickness and speech impairment, principally

with the consonants.

HARLEY (1972) noted that the thickness of the

lateral portions of the palate of dentures, from cuspid

to second molars, was critical as these were areas of

contact for the alveolo-lingual consonants, the anterior
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area not being contacted. This -view was supported by

FENN et al and PROPFIT et al (1965).

Disagreement surrounds the question as to whether

palatal rugae should be incorporated into dentures to

facilitate speech. ALLEN (1958) suggested that these

were not necessary since speech interference occurred

as the denture was thickened, a view supported by

LANDA (1935) and HARLEY (1972). SLAUGHTER (1945),

PROCTOR (1949) and POUND (1951) advocated the provision

of palatal rugae in the belief that they facilitated

speech.

A lateral build up of the denture base, lingual to

the molars, in the form of a reverse curve, as advocated

by POUND (1951), ALLEN (1958), HARLEY (1972), and

TANAKA (1973) is probably necessary to provide a 'tactile

cue' in orientating the tongue before incisal consonants.

This concept is supported by the lack of proprioceptors

in the tongue and the heavy dependence on pressoreceptors

in this organ for its activities (HARLEY, 1972).
WICTORIN & AGNELLO (1970), AGNELLO & WICTORIN

(1972) and TANAKA (1973) have shown that the provision

of dentures results in a progressive speech improve¬

ment, especially of the linguo-alveolar sounds.

L'ESTRANGE (1947b) believes that in the majority of cases

there is an almost immediate speech adaptation to

dental prostheses.

COMMENT

In speech production, the tongue contacts the teeth,
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alveolar ridge and hard and soft palates. When these

structures are modified or replaced, by a denture,

proprioceptive feedback may be altered.

Various authors have shown that there can be a

direct relationship between the altered oral form

produced by dentures and defective speech, despite

tongue compensations.

Valuable information relevant to the design of

phonetically satisfactory dentures could be obtained

by modifying the shape of the oral cavity with artificial

palates of varying designs, and examining the resultant

compensatory movements of the mandible. HARDCASTLE

(1972) states "It may be, of course, that the inter¬

ference (by thickened palates to speech) is compensated

in some way by the articulatory organs, but this is

difficult to assess experimentally".

This study makes an attempt to answer some of these

problems. No previous work has been reported on this

subject.
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2.4 MANDIBULAR MOVEMENTS IN SPEECH

KENT & MOLL (1972) noted that the pettern of mandibular

movement in speech depends upon both the vowel content

and intervocalic consonants. Lingual consonants are

generally associated with relatively close jaw positions

but those positions are more critical for front consonants,

eg /z/. than for back consonants, eg /k/, because of

the constraints produced by the temporo-mandibular joint.

Great excursions occur when open vowels are included.

In short, jaw opening varies consistently with

tongue height, a point noted by MOLL (1960).

These authors claim that examination of mandibular

movements during the production of different consonants

and associated with a wide selection of vowels is a

means of assessing the role of the mandible in speech,

a view supported by SILVERMAN (1974).
On the other hand, COLE (1971) finds it difficult

to assess the role of the mandible in speech and suggests

its primary function is that of mastication, since its

"movements are minimal in speech".

The movements of the mandible in speech have been

used by several clinicians as an aid in the establishment

of the correct vertical dimension of full dentures at

the record stage (LANDA, 1935; SAGGERS, 1939; PROCTOR,

1949; SILVERMAN, 1951, 1953 and 1967; MORRISON, 1959;

MEHRINGER, 1963; MURRELL, 1972; POUND, 1966 and 1970;

POUND & MURRELL, 1972 and MURRELL, 1974). In all cases

use was made of the linguo-alveolar fricative (sibilant)
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/s/ as this is the sound where the teeth are claimed to

be at their closest during speech and great precision of

both tongue and mandibular position is required for its

production. SILVERMAN (1955) has referred to this as

the closest speaking space. CLEMENCON (1972) on the

other hand pointed out the dangers of relying too

heavily on the closest speaking space for vertical dimension

determination.

PROCTOR (1949) gave some values of ^aw separation

for various vowel sounds as aids to denture construction;

/o/ and /i/ cannot be pronounced if the teeth are

separated by over 1cm, nor the short /a/ if the distance

is less than 1cm, while LANLA (1935) gave the separation

for /a/ as 2cm.

MEHRINGER (1963) and SILVERMAN (1967) make further

use of mandibular movements in speech since they recommend

not only the use of the sibilants (1-1.5mm incisal

(2-4mm incisal separation) and the diphthongs (5-10mm

incisal separation) to determine the vertical dimension.

JUDSON & Y/EAVER (1966) note a decreasing vertical

separation of the jaws from 15mm for /a/ to 2mm for /i/.
OHALA et al (1968) found that the degree of jaw

opening depends upon the vowel in question and reflects

fairly well the phonetic 'height' traditionally assigned

to various vov/els. However, there was considerable

variation in the amplitude of jaw opening when the

subject tried to repeat the test word several times.

separation)
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There was an even greater variation when stress, position

of the word in the sentence, etc., were not controlled.

They found that the degree of jaw separation for different

classes of consonants are (in order of increasing

separation) dental fricatives, eg /s,z/, dental stops,

eg /t,d/, bilabial consonants, eg/n,n/, and velar

consonants, eg /g,k/.

JEAFFRESON (1937) noted there was a sharply defined

limit of mandibular excursion peculiar to each vowel.

It was noted that stress was invariably indicated by

a more vigorous jaw movement (JEAFFRESON, 1937; KENT &

NETSELL, 1971) but when this occurred, unstressed vowels

showed less vigorous movements. JEAFFRESON suggested

that there is only a constant quantum of movement in

a constant time and in variations of speech only a

redistribution of this quantum is possible. WATKIN

& ABBS (1972) noted that movements in /i,a,u/ are a

function of the adjacent consonants and syllable stress.

OHALA et al (1968) claim that the peak velocity of the

mandible during closure for consonant production varies

proportionately with the degree of opening prior to

that sound. Further work has been done by ABBS, NETSELL

& HIXON (1972).

SUSSMAN et al (1973) studied jaw and lip movements,

relating these to electromyographic recordings during

bilabial stops, while A.BBS & NETSELL (1973 a & b) studied

jaw accelerations and intraoral pressures in speech

and the association of these with lip function, but
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without coming to definite conclusions. It was suggested

that viscosity of muscle contraction is a predominant

limitation to lip function.

FROSCHELS (1926) found there was an anterior trans¬

lation of the mandihle coincident with lip movement

for the /s/ sound. SILVERMAN (1951) showed in an

examination of 200 patients that there was a forward

movement of the jaws in 55 per cent of them; in some

patients this occurred in all sounds, in others only

in a few sounds. JENSEN (1968) found a forward translation

of the mandible in normal subjects in the /S/ sound but

in Angle's Class II division 1 malocclusions this did

not occur.

BENEDIKTSSON (1958) using cephalometric radiographs

to study /s/ production in 246 Swedish children showed

that the incisal occlusion had a marked influence upon

mandibular movements. large overjets resulted in

greater frontal translation of the mandible (a result at

variance with JENSEN'S later study). She found a

greater lowering of the mandible occurred with a large

overbite. Open bite and mandibular overjet resulted

in only slight translation. STREEGER (1956) carried

out a similar study in the pronounciation of Swedish

vowels.

Both these studies were carried out on single

sound, static or 'ideal' phonetic positions as

distinct from those of continuous speech. It has been

shown by AMERMAN et al (1970), GEISS1ER (1971) and
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KENT& MOLL (1972) in studies of continuous speech that

for any sound, the required mandibular (and lingual)

position varies considerably depending upon the preceding

and following sounds and the consequent positional

requirements for these sounds.

OHALA et al (1968), in earlier work which these

findings complemented,noted that the degree of mandibular

opening for vowels depended upon the surrounding consonants.

GEISSLER (1971), in addition, found that there could be

fairly large variations of mandibular position for /s/

sound production, depending upon its position in the

speech phrase. However, where this occurred there tended

to be a compensatory antero-posterior mandibular trans¬

lation. It v/as suggested that there was a particular

interdental special requirement peculiar to each patient

for this sound. The range of mandibular movements was,

in addition, severely attenuated with rapid speech,

a view supported by KENT & MOLL (1972).

CARREL & TIFFANY (1960) write that "in /s/ sound

production there is more variability in manner of

production than there is for any other sound. As a

consequence, there are numerous acoustically different

sounds within this phoneme.

"These differences involve principally the posture

of the tongue tip and the blade. Some individuals

make /s/ with the tongue tip behind the lower teeth,

others pronounce the sound v/ith the tongue tip at various

levels between this placement and a point behind the
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alveolar ridge".

Further, it is maintained that foreign speakers may

have some difficulty with /s/ (CARREL & TIFFANY, 1960).

It has been claimed by KESSLER (1957) that the tongue

positions and, consequently, mandibular movements

differ between English speakers and non English speakers.

Non English speakers have a low tongue position.

In most languages /n,l,t,d,s and z/ are linguo-

dentals, the tongue lies on the floor of the mouth with

its tip behind the lower anterior teeth. The consonants

are sounded by lifting the mandible so that the blade

touches the upper teeth. In English, only"TH" ise true

linguo-dentel, /n,l,t,d,s and z/ are alveolo-linguals,

the tongue is held higher and articulates on the alveolar

ridge, an area, incidentally, liable to be affected by

denture construction (KESSLER, 1957).

The view that mandibular positions and speech sounds

cannot be directly compared, when different languages

are being considered, is supported by implication by,

amongst others, KAISER (1935), YLPPO & SOVIJA'RVI (1962)
and KANEKO (1955). KANEKO illustrates the difference

between American English and Japanese with diagrams of

a "General American jaw movement area" and a "Japanese

jaw movement area", the latter with a considerably

smaller angle.

YIG (1968), using cineradiographic methods and

semi-continuous speech, v/ith English speaking subjects

in contrast to BENEDIKTSSON (1958), found no relation
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between incisal occlusion and the amount of mandibular

movement. Further, he came to the conclusion that the

jaw movement area depended upon jaw size, or intermaxillary-

space, as he defined it. He found that subjects with

small intermaxillary spaces had larger jaw movement

areas, while those subjects with large intermaxillary

spaces had, generally, smaller jaw movement areas. The

value of his results was lessened by the use of a method

which permitted an unduly wide margin of error.

COMMENT

Two possible conclusions could be drawn from these

studies of mandibular movements in speech. These are:-

1. Although extensive studies of vowel and consonant

production in speech have been undertaken, there has

been surprisingly little research carried out on the most

characteristic feature of normal speech, the movements

of the mandible.

This lack of research on speech movements of the

mandible may be on account of the technical difficulties

involved.

2. The results of studies carried out in one language

are not necessarily valid for another because of the

different phonetic content, different articulation

methods used in various languages, and perhaps the

different morphologies found betv/een their speakers.
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2.5 METHODS OF STUDYING MANDIBULAR MOVEMENTS

1. Introduction

A considerable amount of research, using various

transduction techniques, has been carried out in dentistry

with a view to understanding the geometry of mandibular

movements or the masticatory process or, to a lesser

extent, mandibular movements during speech; indeed,

late last century ULRICH (1896) reported on some studies

of mandibular movements using a graphical method combined

with long exposure photography.

In a continuing quest for more accurate methods of

evaluating mandibular movements, many techniques have

been used with, perhaps, over the years, a tendency

towards increased complexity.

However, the main investigations can be grouped

under the following headings:

Graphical recordings, including photographic and

cinephotogra phic

Radiography - cephalometric and cine-radiographic

Electronic telemetry.

2. Graphical Recordings

BENNETT (1908) carried out studies of mandibular

movements using a lens which threw the images of pea

bulbs, mounted on a framework attached to the jaws, on

to a screen, a method similar to that of ULRICH (1896).

CAMPION (1905) is considered to be the first investigator

to use direct plotting of the condylar path, using small

inked styli fastened to a simplified face bow which was
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attached to the lower jaw. GYSI (1908) used a somewhat

similar apparatus to plot points on vertical pieces of

cardboard placed over the condylar and incisal regions

(LINDELOM, 1960). NEEDLES (1927), PHILLIPS (1930) and

McCOLLUM (1939) carried out work along similar lines,

while HALL (1929) also mentioned a method used for

this purpose.

HILDEBRAND in 1936 and again in 1937 described the

use of cinephotography for studies of mastication, a

method he considered simpler, but not so accurate as

Ro entgen-kymography.

Research was also carried out by KURTH who employed

stroboscopic and direct graphical methods to determine

masticatory movements and he published papers on this

work in 1942, 1949 and 1951.

Further studies of masticatory movements were

carried out by SHEPHERD and ATKINSON (1955) and

SHEPHERD (i960) who used cine-photography to plot the

movements of a rod fixed to the lower teeth (later the

skin of the chin), against a graticule attached to

a modified spectacle frame, on which v/as mounted a

mirror at 45° so that motion in three dimensions could

be studied. Work, utilising this technique, to study

mandibular movements in speech, was carried out by

GEISSLER (1971). LINDBLOM (1965) studied labial movements

in speech using cinephotography at 128 f/s, SCHWEITZER

(1961) carried out a cinephotographic investigation of

masticatory movements using casts attached to, but
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orientated outside, the iaws by means of stainless steel

rods. The movements were photographed in three dimensions

by means of mirrors. He felt, however, that recording

in one plane at a time was more accurate as the images,

when recording three planes simultaneously, were small.

Further, he felt that the error introduced by the mod¬

ified spectacles, as the static base from which to

measure, had to be taken into account since he considered

it almost impossible to use any part of the head for

reference.

Studies, utilising cinephotography in three

separate planes, to investigate condylar movements has

been carried out by HICKEY et al (1963), while further

direct graphical studies of condylar and incisal

movements have been undertaken by, amongst others,

SHANAHAN and LEFF (1962), GRIFFIN (1963), PREISKEL

(1965), CLAYTON et al (1971) and KNAP et al (1972).

3. Roentgenographic Recordings

In 1895 ROENTGEN discovered X-rays and soon after¬

wards their application in phonetic research was realised.

SCHEIER (1898) was probably one of the first to investigate

vowel positions using X-rays. The technique was sub¬

sequently almost totally supplanted by cineradiography,

a technique reported to have been first used by Mclntyre

in 1896 (LINDBIOM, 1960).

In static radiographic investigations, pictures

are taken during the production of isolated sustained

speech sounds, where the articulating structures are held
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immobile during the duration of exposure. The limitations

of the technique are immediately obvious. As MOLL (1960)

indicated in his cineradiography studies, 'few if

any characteristics of speech articulation appear to be

constant with time during speech production'.

RUSSELL (1935) claims to have pioneered the use of

cineradiography about 1918 for phonetic study,

while in 1936, HILDEBRANL, discussing methods for

studying mandibular movements, concluded that, although

complicated, Roentgen-kymography was an accurate

technique. THOMPSON and BRODIE (1942) and THOMPSON

(1946) used cepha.lometric radiographic methods to study

the rest position of the mandible. Similar methods

were used by POSSELT (1952), PYOTT and SCHAEPFER (1954),

ATWOOD (1956 & 1958), NEVAKARI (1956) and COHEN (1957).

Further work by DUNCAN and WILLIAMS (1960), in the evaluation

of rest position as a guide to prosthetic treatment,

and by FISH (1964), who was studying the relation between

the mandibular rest position and the tongue ' s respiratory

position, utilised these techniques.

LINDBLOM (1957) described the use of cineradiography

with intensifying screens and similar papers were

produced by COOPER and HOFMAN (1956), RUDD et al (1969)
and SCULLY (1960), the latter concerned with temporo¬

mandibular joint movements and mastication, JENSEN (1968)
and CULVER & WATT (1973) studied the movements of full

dentures during incision. KENT & NETSELL (1971),
WATKIN & ABBS (1972), WATSON (1973, 1974) and L'ESTRANGE
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(1974a) studied mastication and speech. Particular

stress was laid by these authors on the reduction of

ionising radiation when intensifying screens were used.

BENEDIKTSSON (1958) used cephalometric X-ray methods

in a study of /s/ sound production, COOK (1959) and

HARTWICK (1959) in studies of mandibular movements

in patients with Angle's Class I and Angle's Class II

malocclusions used similar methods as did TURET (1962)

and WEINBERG (1968) both examining mandibular movements

in /s/ sound production.

KYDD (1958) was obviously dissatisfied with the

resolution of 16mm film used with existing cineradiographic

techniques and described a method enabling rapid serial

cephalometric radiographs (up to 6 per second) to be

taken. Greater accuracy resulted since no enlargement

of the film was necessary for the purposes of analysis.

JENSEN (1968), VIG (1968), WICTORIN et al (1971)

and KENT & MOLL (1972), apparently did not find the

necessary enlargement of the cineradiographic film

caused the resolution to suffer unduly in their studies

of movements in speech and chewing respectively, although

it must be stated that JENSEN used 35mm film, while

WICTORIN et al used 30mm film as against the more

standard 16mm.

DAVISON and MASON (1972) and LAIRD (1973, 1974)

described a method for studying mandibular movements

radiographically but utilising, in addition, a closed

circuit television system coupled with a video tape
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recorder. Such a. system provides instant playback

facilities but detailed analysis of movement is difficult,

if not impossible.

COMMENT

In few of these studies, although it was a factor

considered, was there any particular concern about a

radiation hazard. This is a matter of deep concern

where cineradiography is to be undertaken for experimental

purposes, especially if these studies are extended or

repeated.

4. Electronic Telemetry

Research has been, or could be, carried out using

several possible methods of electronic telemetry, these

may be classified as follows:

(a) CONTACT SIGNAL RADIOTRANSMITTERS

(b) MAGNETIC INDUCTION

(c) RADAR

(a) PHOTO-ELECTRIC

(e) RHEOSTATIC

(f) TELEVISION SIGNAL DIFFERENTIATION

(g) STRAIN GAUGE

(h) POTENTIOMETER

(i) SYNCHROS
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(a) CONTACT SIGNAL RADIOTRANSHITTERS

The use of radio-telemetry for the transmission of

information from within the mouth has been reported by

BREWER & HUDSON (1961), GRAF & ZANDER (1963) and NEILL

(1964). In these studies only the incidence and duration

of actual contacts between the teeth of the opposing

jaws were recorded, the transmitter being switched on

by a metallic contact in opposing teeth. The value of

these systems was limited, being unable to produce

signals for all positions of contact.

PAMEIJER et al (1968 & 1969) developed a system

using a multi-frequency transmitter intra-orally to

transmit information about the quality as well as the

quantity of tooth contact. A similar report was given

by G1ICKMAN et al (1974).

In 1974 TRENMOUTH, JONES & SMITH described a system

which used a passive transmitter for the radio transmission

of tooth contact, obviating the use of batteries whose

size and renewal present problems.

COMMENT

The information produced by such systems is too

circumscribed for more general studies of mandibular

movement.

(b) MAGNETIC INDUCTION

In 1967, KYDD et al described a system v/hich

permitted continuous measurement of occlusal vertical

dimension, based on the principle of the 'Hall effect'.

Hall had observed that a voltage appeared across a
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semiconductor material when in proximity to a magnet.

The two parts of the appliance were inserted into the

mouth with the receiver in the upper jaw and the magnet

on the lower teeth. The Hall device generated a voltage

corresponding to the inverse square of the distance

"between the magnet and the voltage-modulated transmitter.

It was a large appliance and measured only in one direction.

BANDO et al (1972) used a similar device for continuous

observation of mandibular positions but, although the

bulk of the appliance had been reduced, it still

measured in one plane only.

Measurement of tooth contact, together with a

range of interocclusal distance was obtained by

THOMSON & MACDONALD (1969). They described an inductive

transducer system whereby the introduction of a

conducting material in the proximity of an induction

coil causes eddy power losses and consequent variation

in the inductive characteristics of the coil. However,

the effective range is limited, it is uniplanar in action

and non-linear.

JONIOT (1970 & 1974) investigated the mandibular

rest position in edentulous patients using an air cored

transformer as a transducer. This method is based on

the principle that the coupling between the primary and

secondary coils of an air cored transformer varies as the

coils are separated. The coils were embedded in upper

and lower occlusal rims. The primary coil was driven from

an A.C. source while the secondary coil mounted on the
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same axis fed an amplifier and recorder. GRIFFITHS

(1974) used a self contained (passive) f.m. radio-

transmitter mounted in the upper jaw or denture and a

ferrite core in the lower jaw where it can be fitted in

a tooth gap or cemented to the buccal surfaces of the

teeth to study jaw relations. Hov/ever, the system

suffered severely from horizontal movement errors.

LAIRD (1971, 1974 a & b) used similar techniques

to study intermaxillary relationships during deglutition

but was obviously dissatisfied with the accuracy of the

method and later used Roentgenography coupled with

videotape. HIXON (1971) described a method to permit

studies of movement in tv/o planes.

COMMENT

As has been noted by KOZHEVNIKOV and CHISTOVICH

(1967) inductive recording systems are characterised by

a number of serious disadvantages of which the chief are

the non-linear dependence of the received electrical

signal and its variation arising from the relative

direction of the coil axes. This latter factor has

a decisive significance, since the movements of the jaws

are complex and displacement of the receivers occur

simultaneously in more than one plane.

(c) RADAR

Radar (Radio Detecting and Ranging) as a means of

measuring position and direction of movement has been in

use for well over 30 years.

In theory, it is an ideal method for studying
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mandibular and other movements. However, movements only

as small as - 4mm can be detected utilising 1Q' band

frequencies (betv/een 30 and 300 GHz), COULTAS (1972).

comment

In order to measure distances and movements to

tolerances of 0.1mm, as would be required for any

dental study, frequencies in the order of 3000 GHz

would be required - beyond present technology.

(d) photoelectric methods

HOKEE (1973) reported the use of a photoelectric

method of studying mandibular movements. Photo-diodes

were attached to the upper and lower jaws and the subject

placed a specific distance in front of a lens which

focussed the light beam from an oscilloscope pulsed

by a 125KHz wave. The time interval between pulses

received by the photo-diodes is a function of the

distance the jaws are apart. Computer assistance

enables the oscilloscope pulses to be vertical and

horizontal and so enable X-Y records to be obtained.

The apparatus is still in the development stage and

chewing sequences are being studied.

OHALA et al (1969) mentioned the use of a photo¬

electric method for studying speech movements of the

jaw but did not describe it in detail.

Photoelectric transducers in combination with

servo motors were used in the Case Gnathic Replicator,

employed for the indirect study of mandibular movements

by MESSERKAN (1967), MESSERMAF, RESWICK & GIBBS (1969),



GIBBS, MESSERMAN & KESWICK (1971) and GIBBS & SUIT

(1973).

GILLINGS (1964, 1967 & 1973) described the use of

a 'Mandibulograph' to study mandibular movements in

three planes during mastication and speech.

A pea bulb used as a light source is attached to

the lower teeth while opposing photo-resistors, in

three planes, are mounted on a framework fixed to the

subject's head. The system, thus, transduces the special

position of a point (i.e. light source) on the stationary

or moving mandible.

COMMENT

Although there is complete freedom of movement of

the mandible and there is no restriction of movement

of the head, heavy bars attach the headframe to the

teeth and could interfere with speech. Further, from

practical experience the matching of the photo-resistors

is problematical. It is doubtful if the system is as

accurate as claimed.

(e) RESISTIVE(RHEOSTATIC)

PROVOST & TOWLE (1972) used a rheostatic method to

monitor the physiologic rest position of the mandible.

A framework was attached to the head and carried a

length of high resistance wire along which there was a

voltage drop when a potential difference was applied

along its length. On this high resistance wire a

contact, attached to the lower teeth, could slide. The

voltage detected by the sliding contact depended upon
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the degree of jaw opening and the information could be

traced directly with a paper recorder.

The system had the advantage of linear dependence

of the received signal but was uniplanar.

SIM (1972) described a resistive method to determine

position on an X-Y axis with particular reference to

T.V. graphics. A plate with a finite resistance across

its surface is utilised; on this plate are arranged

mutually disconnected metal strips at each of the

four sides. Two square wave alternating current out¬

puts from a generator are fed through diodes to two

opposing contact strips, the circuitry being arranged

that the X and Y axes of the system are out of phase

with one-another. One of the phase connections is to

the top of the plate and the other to the left hand of

the plate, the opposite sides being connected to 'earth

through further diodes. As the opposite phase voltages

on the top and left sides of the plate are derived from

the same source, there will be zero voltage on the left

hand side of the plate while the pulse voltage is

present on the top of the plate, and vice versa (Fig 2.1).

The finite resistance of the plate produces a

voltage drop from top to bottom for, say, positive

voltage and right to left for negative voltage. While

the positive pulse is present on the top of the plate

there is a voltage gradient from top to bottom and when

the negative pulse is present on the left side, there

is a similar gradient from left to right.
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FIG 2.1 Outline circuit of an X-Y position recording apparatus

using a resistive plate and stylus to detect voltage changes,

(SIM, 1972).



The electrode which would be attached to the lower

jaw contacts the conductive plate. At any point along

the surface of the plate there are two voltage com¬

ponents: a proportion of the vertical voltage pulse

on one half cycle and a proportion of the horizontal

voltage pulse on the other.

Thus any point on the plate can be expressed as

an X voltage pulse and a Y voltage pulse.

The output pulse voltages could be monitored with

an X-Y pen recorder or a paper v/riter.

However, short circuiting of current along the

side contact strips occurs with effects detrimental to

the output.

COMMENT

It was felt that this method of transduction was

unsound when related to studies of jaw movement,

(f) TELEVISION SIGNAL DIFFERENTIATION

DUXEURY & ROTHWELL (1973 & 1974) have developed

a method for studying mandibular movements which, in

conjunction with E.M.G. signals, is used for research

into temporo-mandibular joint disfunction. The

technique involves the use of a T.V. camera to transduce

the movements of a light attached to the mandibular teeth.

The resultant output signal is resolved and differentiated

electronically into X- and Y- coordinates, these values

being converted from analogue to digital form for

feeding into a computer.
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COMMENT

This technique overcomes many of the problems

encountered by LAIRD (1973, 1974 a & b). However it

necessitates very advanced electronic technology and

almost unlimited financial resources.and is accurate only

to - 0.5mm.

(g) STRAIN GAUGE

SUSMAN & SMITH (1970) utilised a strain gauge attached

to a flexible metal strip extending from a head cap to

below the mandible to record jaw movements during

speech. This method, again, recorded in only one plane.

Y/ork by KNAP et al (1970) again used strain guages.

The method enabled recordings to be obtained in three

planes but the size of the apparatus precluded its use

for speech studies.

Further work studying uniplanar movements has been

carried out by SUSSMAN, MACKEILAGE & HANSON (1973) and

ABBS & NETSELL (1973 a), while ABBS & GILBERT (1973)

described a strain guage method which recorded in two

dimensions.

The latter system worked on the principle that if

two strain guages, connected through a bridge circuit,

are applied to either side of a flexible plate, one

end of which is fixed and the other attached to a rod

connecting to the mandible, a linear response is

obtained.

ABBS & GILBERT used two flexible plates, at right

angles to one another, each with their strain guages
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attached. Movements in two dimensions could be demonstrated

with a linear response over - 40mm and loads as low as

50 dynes /mm.

COMMENT

The main problem of the system, significantly not

mentioned by ABBS & GILBERT is that of signal drift.

Because of the reduction of movement by the lever system,

the minute voltage changes resulting from the bending

movement of the plates must be amplified. Unless complex

electronic countermeasures are undertaken, this ampli¬

fication results in serious drift of the received signal

with unreliability of results.

Further, it is of interest that no provision was

made for monitoring head movements during speech,

(h) POTENTIOMETER TRAN SDUCTION

When a potential difference is applied to a potentiometer,

the output voltage is dependent upon the selected internal

resistance of the potentiometer. If a suitable lever

is attached to the shaft of the potentiometer, axial

movement of the lever will cause output voltage changes.

The end of the lever can be attached to the mandible,

movement of which will produce linear voltage changes

which can be read off directly or amplified, without

concomitant drift problems (HARTNUP, 1974).

GRANT & WAIN (1974) use such a simple potentiometric

method to monitor mandibular movements, including those

of speech. The potentiometer is mounted on a simple

head cap and located over the condyle. A rod from the
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potentiometer spindle passes forward to be attached to

a splint on the lower teeth. Display is on a UV paper

recorder.

COMMENT

Good linearity is obtained with a potentiometric

transduction apparatus. Because of the torque charac¬

teristics of potentiometers, unless thick, stiff rods

are used, movements of less than 1mm may not be recorded.

Though simple, this system has the drawbacks of

instability of the apparatus on the subject,stiffness, ana

because of its unidirectionality limited information

output.

(i) SYNCHROS

The principle of the synchro is that the magnetic

induction from an /C current through the coils of the

primary or rotor induces a current in the secondary

or stator coil, the strength of the induced current

being dependent upon the angular position of the rotor

relative to the stator.

BREWERSDORFF (1967) utilised such a system to study

masticatory movements. Fine v/ires connected the upper

and lower jaws with the synchros which within limits

compensated for inadvertant head movements. However,

the mechanism was cumbersome and would interfere with

speech.

COMMENT

The literature provides no reference to the

possibility of using the synchro as a. simple device to
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transduce mandibular movements by means of a lever from

its rotor to the mandible and simultaneously to give a

linear output signal.

5. Discussion and Conclusions

Direct graphical methods for demonstrating mandibular

movements are particularly suited for studying condylar

movements. Their usefulness becomes limited for studies

of masticatory movements and particularly for investigations

of speech when a specific time factor may have to be

included. They are, however, useful for demonstrating

what POSSELT (1952) called 'envelopes of movement'.

More detailed records, related to the time sequence,

can be obtained by using either cinephotography or cine¬

radiography.

However, even at film speeds of 32 frames per

second, speech phrases will yield betv/een 190 and 320

frames. Each frame possibly represents a different

position of each of the various structures under

consideration. But even at a speed of 32 frames per

second, the position of the mandible is fixed only

every 31 milliseconds while the actual portrayal is

decreased by half or more, depending upon the shutter

of the camera.

Recordings of such short duration (190 to 320 frames)
even in a small sample of 20 subjects v/ill yield over

6000 frames for analysis. Further, if a time sequence

is being studied on a linear scale and antero-posterior

motion is also taken into account, the number of frames
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to be analysed may well be between 12,000 and 18,000.

Frame by frame examination of this surfeit of

material is the second major disadvantage of cine-film

since it requires great effort, makes the acquiring of

statistical data difficult, and can produce errors.

LINDBL0M (1957) did not describe his method of

film analysis, MOLL (1960), SCULLY (1960), LINDBLOM, B.

(1965), WICTORIN et al (1971), and CULVER and WATT

(1973) examined their films frame by frame. CLEALL

(1965) and BEATON & CLEALL (1973) used only 5 frames

from each swallowing sequence although filming was

carried out at 60 frames per second. On the other hand,

COOPER & HOEMAN (1956) ran their films to obtain a

subjective impression of movements, KENT & FETSELL

(1971) analysed only a third or half of the frames of

each sequence, KENT & MOLL (1972) analysed selected

frames, while VIG (1968 & 1969) used a method he

called ' cinedots', a cineradiographic variation of

the graphic method of demonstrating movement areas.

WATKIN & ABBS (1971) and WRIGHT (1974) employed computerised

frame analysis which went some way to overcoming the

problems (and tedium) of analysis.

Although this author (1971) carried out an initial

study with a frame by frame analysis this method was

not pursued on account of these disadvantages.

The devices used in electronic telemetry, on the

other hand, all suffered serious disadvantages. These

included insufficient data production (in many cases the
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information being confined to one plane of measurement),

complexity of the apparatus or of the analysis, and lack

of linearity of the system.

The faults and defects outlined above appeared

to point the need for an instrument to measure the

functional movements of the mandible and its terminal

positions with relation to the maxilla which would

fulfil the following requirements

1. It must neither disturb nor alter the normal

movements of speech.

2. It must be simple to use.

3. It must produce accurate data which is reproducible

and which can be interpreted linearly.

4. It should demonstrate movement in more than one plane.

5. Its output should be capable of ease of storage

and simple analysis.
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AIMS OF THE PRESENT STUDY



3. AIMS OF THE PRESENT STUDY

The review of the literature related to mandibular

movements in speech indicates that there are many-

areas which require clarification or development.

The objectives of this investigation were defined:

1. To design and develop an improved apparatus

for examining mandibular movements in connected speech

and investigate its errors.

2. To investigate the suggested relationships

between oral form and mandibular function in speech.

3. To describe the mandibular positions for

various speech sounds in a group of native English

speaking subjects and, further, to investigate several

morphological factors related to these mandibular

positions.

4* To study the effect of the insertion of

artificial palates of various designs, upon movements

of the mandible.

5. To relate these findings to clinical aspects

of denture construction.
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4.1 SELECTION OF SUBJECTS

Volunteer adult subjects, whose mother tongue was

English, were selected for the study. They comprised

staff and students in the Edinburgh Dental Hospital.

In order to eliminate sources of error arising

from different methods of sound production by native

speakers of foreign languages or from the use of slightly

different sound within the same phoneme, it was

decided to exclude from the study non-Caucasians,

persons whose mother tongue was not English, and those

with strong regional accents.

Subjects wearing dentures or who had lost more

than the equivalent of one tooth per quadrant were

excluded as were subjects with incisor gaps since

these were all features which could have had adverse

effects on the study.

The slection of subjects was, of necessity, non

random. It comprised 37 male and 17 female subjects,

a total of 54. Not all subjects were used in all

parts of the study.

- 47 -



4 .2 MORPHOLOGICAL DATA AND RADIATION CONSIDERATIONS

1. Introduction

In the dentate individual, the jaws and the dental

arches act as the rigid confines of the tongue and

associated pharyngeal structures. It is the variations

of these rigid confines, the intermaxillary space

dimensions, which condition the patterns of adaptive

behaviour (VIG, 1967). Recently the importance of the

pharyngeal structures in oral function has been stressed

by BROLIE (1971) who considered it important to bear

these structures in mind when planning dental treatment.

The subjects were subdivided on the basis of the

dimensions of the intermaxillary space.

Previous investigations have typed the individual

mainly by Angles classification of occlusion, or

modifications thereof. This tends to build in

differences, both morphologic and functional, in the

sample under study by virtue of the many aetiological

factors which produce the various types of occlusion.

In contrast, the height and length of the inter¬

maxillary space are common to all members of a population

and probably less likely to condition the results of

the investigation.

2. Measurements - radiographic

Morphological data for the intermaxillary space

classification was obtained from cephalometric radio¬

graphs of the subjects v/ith the teeth in occlusion.

The method was standardised by using a cephalostat



and a six foot film to tube distance. Such a short

film to tube distance results in some head enlargement

on the film, however, as the enlargement is standard,

it is possible to compare one radiograph with another.

When developed, the radiograph was placed on a

viewing screen and the examination and measurement of

the radiograph was carried out in a darkened room.

Over the radiograph was placed a sheet of tracing

paper and the necessary alignment points for location

of the paper on the film were marked with a sharp

pencil.

The following features were carefully traced on

to the paper

(a) The anterior nasal spine, premaxilla and upper

incisors, hard palate showing the posterior nasal spine,

and soft palate.

(b) The lower incisors, outline of the cross-section

of the chin and the outline of the lower border and

the lower part of the distal border of the mandible.

(c) The posterior pharyngeal wall.

(d) The outline of the upper second molars or,

if these were not present, the upper first molars.

The reference lines from which measurements were

made were based on those suggested by KROGMAN & SASSOUNI

(1953) and WALTHER (1967). For reasons of accuracy and

clarity, however, some modifications similar to those

of VIG (1968) and L'ESTRANGE (1974), were considered

desirable in this study.
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Prom the tracings the following points and planes

were marked and measured and indices calculated.

Gonion: the most inferior and posterior point at the

angle of the mandible.

Menton: the most inferior point on the lower border of

the mandible, as oriented in the Frankfort plane, where

the shadow of the lower border of the mandible meets

the shadow of the cross-section of the chin. Where

two shadows of the lower border of the mandible were

seen, the menton was taken as the mean of the two

points.

Mandibular plane: the plane along the inferior border

of the mandible, passing anteriorly through the menton

and posteriorly through the gonion.

Maxillary plane: the plane joining the anterior and

posterior nasal spines.

Occlusal plane: the plane joining the incisal edges

of the upper central incisors and. the disto-buccal

cusps of the upper second molars. If these were not

present, the disto-buccal cusp of the first molar was

used.

Point E: the posterior part of the intermaxillary

space. It is the point where the occlusal plane meets

the shadow of the posterior pharyngeal wall.

Intermaxillary space length: calculated at the level

of the occlusal plane from the intersection with the

posterior wall of the pharynx (point E) to the inter¬

section v/ith the most lingually placed incisor.
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Intermaxillary space height: this is calculated at

two points:

(a) anteriorly it is the vertical distance from

the maxillary plane to the menton.

(b) posteriorly it is the vertical distance from

the maxillary plane to the mandibular plane passing

through point E.

Intermaxillary space index: is calculated from length

of intermaxillary space X ant. + post intermaxillary height

(Fig4.1).

It should be noted that these are not to be taken

as absolute measurements but rather as indications of

size.

Arbitrary mean values were taken for intermaxillary

space length and height. Thosesubjects with a height

of 74mm and over were considered as high, whilst those

under 74mm were taken as low. Intermaxillary space

length of under 85mm was taken as short, while 85mm and

over was considered as long. It was also considered

by VIG (1968) and L1ESTRANGE (1974) that the combination

of length and height was a significant morphological

feature and further subdivision was therefore made

into long and high, short and high, short and low, and

long and low. (Table 4.1).

3.' Measurements - incisal occlusion classification

In addition, the following measurements were taken

from the casts of the subjects' dentitions:

Overjet: the horizontal overlap of the incisors with



\

Fig 4»1» The intermaxillary space dimensions



Distribution of subjects in Intermaxillary Space Types

Short and Low 9

Long and Low 7

Short and High 11

Long and High 7

TOTAL 34

TABLE 4, 1 Distribution of the subjects into the Intermaxillary

Space Types. A fairly even distribution is shown.



the casts in occlusion. It was measured at the level

of the maxillary incisal point between the labial surfaces

of the most labially placed lower and upper incisors.

Overbite: the vertical overlap of the incisors, measured

from the incisal edges of the most superiorly placed

lower incisor and the most inferiorly placed upper

incisor.

Occlusal (Incisor) Classification (after BALLARD

Class I: Overjet 1 - <5 mm and overbite up to 5mm

Class II Division 1: Overjet greater than 5 mm

Class II Division 2: Overjet up to 5mm but overbite

greater than 5mm, in addition the upper incisors had

to be at 100° or less to the maxillary plane.

Class III: Overjet edge to edge or reverse. (Pig 4.2).

4. Radiation Hazard

As the morphological data for the study was obtained

from cephalometric radiographs, the possibility of a

potential radiation hazard had to be considered although

cephalometric radiography is a recognised and widely

used diagnostic and experimental technique. It was

decided to examine the safety aspect in greater detail.

The International Commission on Radiological

Protection (1965) recommend the following maximum

permissible doses for occupational exposure to ionising

radiation:-

G-onads, red marrow (and in case of uniform irradiation,

the whole body 5 rems/year

Skull, thyroid and bone 30 rems/year
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Glass I

Fig 4.2. Occlusal (incisor) Classification (after Ballard)



Hands, feet and ankles

All other organs

75 rems/year

15 rems/year
The rem is the unit for measuring the radiation

effects on tissues as opposed to the rad which is a

measure of the amount of energy actually absorbed

from the beam by a material in the path of radiation.

The rem is a biological unit, the rad is an energy

unit.

One cephalometric radiograph results in a maximum

skin dose of about 200mr (miliirem), this exposure

being limited to the head area since the body is

protected by a lead apron. 25 exposures would result

in a dosage of about 5 rems, the maximum whole body

radiation dose (unprotected).

The Radiation Officer of the Edinburgh Dental

Hospital advised that 15 exposures per person would

be the maximum exposure normally permitted, a figure

well below the I.C.R.P. recommended maximum permissible

dose.

It can therefore be concluded that the radiation

hazard from a single exposure is negligible and can be

virtually discounted.

Nevertheless, the significance of exposure to

ionising radiation was explained to each of the subjects

taking part in that part of the study.
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4.3 PHONETICS

1. Introduction

In connected speech, the organs of articulation

are in a more or less constant state of motion. The

physiology of speech is extremely complex hut, in

general, the movement of these articulatory elements

can he consistently related to the phonetic content

of the speech material (NYLEN, 1961).

The articulation of speech represents only one

phase of speech production. The other phase is phonation,

or the generation of a sound source for supplying the

acoustic energy. This energy comes from the exhaled

airstream which, in the region of the larynx, passes

through the glottis, or gap between the vocal cords.

The phonation of voiced sounds involves the vibration

of the vocal cords (glottal tone), whereas the unvoiced

sounds are formed without vibration of these coi"ds.

Vibration of the vocal cords results in a periodic

pulsation of the exhaled air which, as it passes through

the supraglottic cavities of the throat, nose and

mouth is subjected to acoustical filtering.

The function of the articulatory organs is to

modify the shape of the cavities within the vocal tract

by constriction and, as a result, change the filtering

properties of these cavities. This modification occurs"

by movement of the velopharyngeal mechanism consisting

of the tongue, soft palate, hard palate, teeth,

mandible, and lips.
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2. Phonetics and the selection of the test phrase

Speech sounds are either consonants or vowels,

diphthongs being vowels of continually changing quality,

sometimes described as two vowels within the one

syllable.

The consonant sounds can be classified by v/here

and how they are produced. A simple system is employed

for the purposes of this study, descriptive of the

oral cavity and tongue position and whether the sounds

are voiced or unvoiced.

Position;

1. Labials - p,b,m,w

2. Labio-dentals - f,v

3. Incisals (sibilants) - s,z,J(sh),^(azure),tj,d^
4. linguc-incisals (th)

5. Linguo-alveolars - d,l,n,r,t

6. Retro-palatal Unguals - X,g,h,k,r (infrequent ),rj
These are shown diagrammatically (Fig 4.3)

Additional description is required for the sibilants.

In producing this sound, the margin of the tongue .is

typically in contact with the teeth and gums laterally,

with the blade of the tongue near, but not touching,

the alveolar ridge. The differences in mode of

articulation involve principally the posture of the

tongue tip and blade. Some individuals make /s/

with the tongue tip behind the lower teeth, others v/ith

the tongue tip at various levels between this placement

and a point behind the alveolar ridge. In each case,
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1. Labials

2. Labio-dentals

5. Incisals

4. Linguo-incisals

5. Linguo-alveolars

6. Retro-palatal Unguals

Intra-oral positions of consonant production.



this position forms a narrow breath channel at the mid¬

line of the tongue and the anterior part of the hard

palate, the alveolar ridge and the teeth. Velo¬

pharyngeal closure is complete or nearly so. The

sound is made as the breath stream is forced through the

narrow channel between the blade of the tongue and the

roof of the mouth. What is heard is the friction noise

created as the breath stream strikes the alveolar ridge

and passes downwards over the lingual surface of the

incisors and outward across the incisal edges of the

upper and lower teeth, which usually are almost together -

the Closest Speaking Space (SILVERMAN, 1951).

The consonants can be further classified as to

whether they are voiced or unvoiced.

The vowels are continuant sounds which are produced

by voiced breath passing through the larynx uninterrupted

by the lips, tongue or teeth. In the production of

those sounds, the tip of the tongue plays no part and

the soft palate, by contracting and sealing the pharynx,

allows none of the vibrated air to pass into the nasal

cavities.

The vowel sounds are dependent upon tongue (and

mandibular) positions and a useful method of vowel

classification is that for defined peripheral fixed

vowels which are used as reference points for precise

sounds. This classification is based on the Cardinal

Vowel position diagram (Fig 4.4 )• This is a graphical

system of peripheral vowels, auditorily equidistant
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1
feet, he

u
"boot
could

o
alone

sat

hot

^ father
alone

Fig 4.4 Cardinal vowel diagram (after Abercrombie),



and used for descriptive purposes of articulatory

postures, although the diagram is conventionalised.

In /i/ (feet) the tongue is close to the anterior

part of the palate and in /cxj (father) the back of the

tongue is distant from the palate.

It will be seen that /Qj (father) and /a/ (sa_t) have

open vowels where the tongue is further away from the

palate, necessitating wider separation of the jaws,

while /i/ (feet) and /u/ (boot) have close vowels

with the tongue close to the palate and the jaws more

approximated for these sounds.

A speech phrase v/as constructed to combine front

and back, open and closed vowels and to contain examples

from the consonants mentioned earlier.

The speech phrase was:

'Father had hot feet, he sat alone and said, how could

this sort of boot lace fit?'

FaSd had hat fit hi sat olort and sed hau
hud Sis but leis Rt.

In the phonetic literature, most authors use a

'standard' phonetic alphabet. The one used in this

study is basically that devised by Daniel Jones.

3. Modification to the speech phrase

A more restricted speech phrase was necessary

when the relationship between oral form - modified by

the insertion of dental prostheses - and compensatory

mandibular movements was studied and when electronic

measurement assistance v/as attempted.
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The reasons for this are:

(a) Comprehensive phrases are usually of such a length

that pauses of varying durations are introduced by the

subjects under study. This makes impractical any

possible use of electronic measurement assistance other

than the most simple.

(b) Short phrases obviate pauses and should result in

more standardised jaw positions for the sounds being

articulated. These jaw positions could be even more

standardised if the phrase is articulated synchronously

with a metronome or similar timing device.

(c) A compx^ehensive phrase was not required since an

overall effect of mandibular compensations was being

examined, rather than the details of individual sounds

with which the first part of the study was concerned.

4. Palatography and the selection of the short
test phrase.

To carry out a study of the effects of the altered

oral form, the relevant areas of palatal modification

had to be defined. Those areas of modification should

be where existing tongue contact occurred. Fodifications

in areas of non-contact would not cause lingual, and

hence mandibular interferences with resultant compensations,

although there could be some resonance changes in the

quality of speech.

These areas of lingual contact were defined by

palatography, a method introduced by COLES (1872)
and which has been utilised and described by, amongst

others, KAISER (1939), WITTING (1954), HOPKIN & MCEWAN
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(1955), ABERCROMBIE (1957),ALLEN (1958), BOHME &

GRUNDMANN (1972), HARDCASTLE (1972), HARLEY (1972),

PALMER (1973) end LIKEMAN (1974) using various palato-

graphic techniques.

Direct palatograph^ was used in the study. A

cocoa-charcoal mixture was applied to the whole of the

palate with a rubber bulb insufflator which left the

palate uniformly dark. Without swallowing, the subject

repeated the speech phrase. Areas of lingual contact

showed a complete wipe-off of the cocoa-charcoal

mixture, while non-contact areas remained coated.

The recording of these areas of v/ipe-off for

particular sounds, or combination of sounds, may be

achieved by photography as described by WITTING (1954),

HOPKIN & MCEWAK (1955) and ABERCROMBIE (1957). This

method has drawbacks, specially those of scale and

image distortion. Instead, the technique employed

by LIKEMAN (1974) was used.

After completing the palatograph as previously

described, an impression of the mouth was taken in

alginate dental impression material to which the cocoa-

charcoal mixture transferred. The boundary between the

contact and non-contact areas was carefully outlined

with indelible pencil and the impression cast in dental

stone. The non-contact area was then marked with

Indian ink, and a permanent record resulted (Fig 4.5).

The cast could be photographed at will with no distortion

problems.
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It was significant to note that, in ell cases,

there was no wipe-off in the vault of the palate ind¬

icating that lingual contact did not occur in that

area. This fact had been reported by HARLEY (1972)

who also noted that of the phonetic complement in

English, /s,n,d,t/ made the greatest number of

lateral palatal contacts. It would therefore be

reasonable to assume that a low back vowel (to give an

open position) combined with one of these consonants

could be constituted into a short phrase which would

have equal palatal content to the speech phrase used

in the earlier part of the study.

The phrase chosen was AH SIXTY SIX (aslkstl slks).

Despite there being two /s/ sounds recognised in

English, the high and the low tongue, the phoneme

/s/ was preferred because it is the sound of the closest

speaking space (SILVERMAN, 1955), because it is the

sound requiring the greatest precision of tongue

position, and because of its influence on mandibular

position which has been examined earlier in this

study.

The pa.latographic method was used to compare the

wipe-off areas of the original and short speech phrase.

The comparative results can be seen in Fig4.6. The

only significant difference between the two palatograms

is the slightly less contact in the incisive papilla

areas with the short phrase. As stated by HURLEY

(1972), contacts in this area are made by /l,n/ and
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the stops /d,t/. /t/ is included in the sound complement

of the study but its precision tends to be a function

of the speed of speech and may,to some extent, be slurred

as a result of the subject trying to obtain uniformity

of speed.

5. Comment

It would seem safe to assume from the foregoing

that the selected short speech phrase was dynamically

suited to the investigation.
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5. THE PILOT STUDY - CIFEPH0T 0G Py PHIC METHOD

1. INTRODUCTION

In the pilot study of manditnilar movements in

speech, cine-photgrephy was employed since it appeared

to offer several advantages. These were the wide and

accepted use in previous studies, apparent simplicity

of operation of the system, and the use of existing

facilities.

2. METHOD OP USE

The patient was seated comfortably in a dental

chair and the necessary 16mm cine equipment arranged

to photograph an indicator fixed to the lower teeth.

Initially, the indicator, made of 0.8mm hard stainless-

steel wire, was soldered to orthodontic bands made for

the lower incisor or premolar teeth, the wire being

adjusted so as to cause no lip interference during

speech. However, it was soon apparent that this method

of wire attachment was difficult to use in cases of

deep overbite or where the clinical crowns were very

short. The method adopted was to attach the wire to

a custom-made acrylic splint fitting against the

buccal surfaces of the mandibular teeth, usually the

premolars and molars. The end of the indicator v/ire

carried a small triangular piece of white card to aid

the subsequent plotting of the mandibular movements.

In order to provide a fixed reference point to

measure the mandibular movements the patient wore a

modified spectacle frame to which was attached a sheet
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of Perspex on which was engraved a 2.5mm graticule

(Pig 5.1). It was constructed so that it could "be

adjusted vertically such that the tracer appeared

in the middle of the graticule. A small mirror was

mounted on the graticule at 45° so that the movements

could be studied in the two chosen planes.

The patient repeated the standard phrase during

which the cine camera was run at 32 frames per second.

After commercial processing, tracingswere obtained by

direct projection of the film run through an analysing

projector arranged to give a standard enlargement. For

the purposes of this study a two times enlargement

was used. As each successive frame was projected,

the paper was advanced one square of the graticule and

the image of the chosen tip of the mandibular tracer

marked. In order to produce an accurate trace it was

necessary to superimpose a prepared baseline on the

paper on to a chosen horizontal line of the graticule.

This procedure necessitated a slight adjustment as

well as advance of the paper as each frame is passed

through the analyser. The resulting trace may be seen

in the upper pert of Pig 5.2.

The film was run through a second time and the

anteroposterior movements as shown by the image on

the mirror were studied and the paper was not advanced.

This produced an envelope of movement in an antero¬

posterior as well as a vertical direction. Parallel

lines were drawn at 2mm distances from the base line
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of the envelope, i.e. 1mm natural size because of the

two times enlargement of the projected image, and the

film run through once again. This time, using the

frame counter on the analysing projector, it was

possible to determine the degree of anterior movement

away from the base line and to relate this to the

individual phonemes of the first trace.

Pig. 5.2 shows the completed trace, the antero¬

posterior movement being shown by the vertical dis¬

placement of the lower line from the base. / t this

point measurements could be carried out to enable

comparisons and contrasts between subjects to be

made.

3. ERRORS

The errors in the method were evaluated by

carrying out a double determination study. One trace

v/as replotted and remeasured at 21 separate points and

compared with the original measurements (Table 5.1).
The error was computed using the formula:

2
Standard error = d

2n,
where d is the difference betv/een the readings and n

is the number of readings.

The maximum errors were +0.7mm and -1.5mm with

a standard error of 0.53mm.

4. COMMENT

The method can be seen to be cumbersome, slow,

somewhat inaccurate, and very tedious. For these

reasons, therefore, the system was not continued; the

- 64 -



Pilot study-error callibration
*

Ori£.
6.5
2.7

7.5

5.6
6.0

2.8

5.5

1.5

4.0

2.5

'2.7

2.0

4.1

2.8

5.5

2.1

7.5

1.7

6.2

4.0

11.8

2.5

5.7

2.7

5.8

5.5

5.8

Maximum errors

Standard error

New diff

6.2 + 0.5

5.2 - 0.5

7.5 - 0.2

4.2 - 0.6

7.2 - 1.2

5.5 - 0.7

5.7 - 0.4

2.2 - 0.7

5.5 + 0.7

1.8 + 0.5

5.2 - 0.5

1.5 + 0.5

5.2 - 1.1

5.5 - 0.7

4.5 - 1.0

5.2 - 1.1

8.2 - 0.7

2.7 - 1.0

7.2 - 1.0

5.5 - 1.5

12.5 - 0.7

5.0 - 0.7

4.2 - 0.5

5.2 - 0.5

4.0 - 0.2

5.5 - 0.2

4.5 — 0.7

2d2 = 15.26
+ 0.7mm - 1.5 mm

0.55 mm

TABLE 5.1 Callibration of pilot study errors.



development of a more efficient transduction system

was indicated.
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6.1 THE TRANSDUCTION APPARATUS

1. Introduction

The monitoring of mandibular movements in speech

requires a reliable reference point which does not

interfere with movement or speech. Unfortunately,

observation of the teeth cannot be continuous because

frequently they are obscured by movement of the lips.

Radiography fulfils many of the requirements but

has two serious disadvantages, radiation and the

problems of film analysis.

Intra-oral telemetry is not sufficiently advanced

to permit measurement with any degree of accuracy

in more than one plane, so for all practical purposes,

does not fulfil the desired criteria.

The evidence suggests that an external transduction

apparatus be used. In the pilot study cinephotography

was used. The method, however was particularly cumbersome

and v/as not continued.

The transduction apparatus developed for and

used in this study involved the use of synchro-transmitters.

The synchro-transmitter is essentially a transformer

in which the magnetic coupling between the primary or

rotor coil and each secondary or stator winding, and

thus the output voltage, is varied by turning the rotor.

A lever from the rotor was attached to the mandible, the

movement of which produced angular changes of the rotor

(Fig 6,l)« The voltage induced in a stator winding is

zero when the rotor winding is at right angles to it,
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and is the sine of the angle through which the rotor

is turned from the zero position. Synchro-transmitters

are most widely used in analogue computing devices

for vector addition and resolution such as polar to

cartesian transformations and can have accuracies

"better than 8' when operated at fixed voltages.
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2. List of symbols

The following' symbols, conforming to E.E.C.

proposals, have been used in the circuit diagrams in

this study.

HI—

Resistor

Variable resistor or potentiometer

Winding

Capacitor

Rectifier (half-wave)

Integrated circuit (type shown), used

as amplifiers or adder-subtractor units

Earth
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3. Ger.eral description

The apparatus used in this study to transduce

occlusal tooth separation during speech consisted of

two interlocked synchro-transmitters mounted at right

angles to one another (Fig6.2). The end of a lever

or radius arm from the rotor of the upper synchro-

transmitter is attached to a rod from a splint cemented

to the lower teeth, while the stator of that

transmitter is mounted rigidly to the rotor of the

lower synchro-transmitter (Fig 6.3).

Fig 6.3
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Vertical movements of the mandible are translated

into rotary movements of the upper transmitter, while

antero-posterior movement of the mandible results in

rotation of the lower transmitter rotor. These varying

movements result in output currents of varying voltage

which are rectified and displayed. A block diagram

of the apparatus is shown in Pig 6.4.

The primary or rotor coils of the synchro-transmitter

(Type 11CX 4a)* ere driven by an oscillator designed

to give a steady AC current of lOKHz at 9v transformed

from the mains supply.

4. Electrical safety

BRUNER (1967) described the dangers of electrical

apparatus used in hospitals and similar locations. He

stressed that currents as low as 100 mA may cause

ventricular fibrillation and secondly, that moist

mucous membrane offers a very low electrical resistance

to presented electric currents.

Hazard to the subject could possibly arise if a

fault were to develop in the mains transformer of the

apparatus and the system became .live. A current could

pass through the subject's body to earth.

Special safety features were therefore included

in the design of the apparatus. These included the

incorporation of zener diodes on the power supply set

to cut out if the output voltage rose above 9v

* Sperry Gyroscope Co ltd, Romford, England
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Oscillator
Microphone

Amplifiers

Fig6.4Blockdiagramofcircuitarrangementsfortransductionapparatus.



the bodies of all parts of the apparatus v/ere earthed,

and, further, efforts were made to ensure electrical

insulation between the subject and the apparatus.

5. Oscillator

The circuit of the oscillator, one side of which

was earthed, is shown in Eig6.5. The circuit is

basically that of a positive feedback amplifier (Type

709) incorporated into a V/ien bridge oscillator. The

frequency of the circuit is obtained from the formula

f = l/2TfRC. The resistors R and the capacitors C

have values of 33 and 0.50.nF respectively. The

theoretical frequency of the circuit is thus 9*64 KHz.

is a trimmer to permit accurate adjustment of

wave form and is composed of a 17 K resistor and a

5 K& potentiometer, while Rg is a 10 Kit resistor.
6. Synchro-transmitter windings

The primary or rotor windings are conventional

and the rotor is free to rotate inside the secondary

windings. Electrical conductivity is achieved by

means of slip rings.

The secondary or stator windings are complex in

that they consist of three coils at 120° to one another,

connected together at a central or star point (Fig6.6).

Thus there ere three outputs from the stator which will

show voltage and phase differences relative to the

angular position of the rotor coil. It is this

combination of voltage and phase change which is the

basis of synchro-servo systems (eg Selsyns).
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FIG 6 .5 10 KHz oscillator circuit used in the transduction
system.



Fig 6.6 (upper) Windings of the synchro-transmitter.

primary windings, secondary windings

(lower) Windings S2S^ earthed for use in transduction system.



The transduction system used in this study utilises

the voltage changes which occur as the rotor is turned

by the radius arm attached to the mandibular teeth.

The output voltage is related to the input voltage as

VQ = V^K sin 9, where VQ is the output voltage, v^ the
input voltage, K is the transformation ratio, and 9

is the angle through which the rotor is turned.

As the output voltage is of sinusoidal wave form,

only a defined segment of the rotor rotation will have

a linear output (Fig 6.7). Testing showed this to be

approximately 30°.
The design of the synchro-transmitter utilised

in this study did not permit the star point being

tapped. Thus the chosen secondary coil was earthed

from its star point through the other tv/o coils which

were themselves locked (Fig 6.6).

7. Synchro outputs

The practical effect of all these design features

is to make the mounting of the levers on the synchro-

transmitters critical, since the linear output occurs

at four 30° segments of the 360° of possible rotation

- two positive and two negative in direction.

The use of a travelling microscope and a digital

voltmeter, as described in the chapter on Callibration,

enabled the linear sectors to be related to the body

of the synchro-transmitter and thus permitted accvirate

mounting and locking of the levers on the units for

jaw transduction purposes. During the study, after
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angular displacement

Pig 6.7 Output voltage from the synchro-transmitter showing
the sinusoidal form. The linear sections of the trace are

clearly seen.



attaching the apparatus, the digital voltmeter was used

to zero and align the output.

8. Head movement

Involuntary head movement during speech was

monitored "by a further synchro-transmitter. This was

powered from the same AC oscillator and the output

v/as led, together with that from the mandibular

synchro-transmitter, to an adder-subtractor unit. Thus

only true mandibular movements were transduced.

So as to avoid output discrepancies between the

two synchros, eg slightly different output voltage

peaks and thus differing voltage-rotation ratios, it

v/as essential that they should be precisely aligned

and collLmated. This was achieved by including an

operational amplifier (Type 741) with variable amp¬

lification on each of the outputs which enabled the

outputs to be trimmed as closely as possible (Pig 6.8).

9. Adder-subtra ctor

This unit was included in the circuit to eliminate

the effects of head movement on the output trace, so

that only true mandibular movements were demonstrated.

The adder-subtractor circuit (Pig 6.9) consisted

of an operational amplifier (Type 709) with negative

feedback to provide the necessary amplification.

Vertical mandibular movement voltage changes were

taken to the negative lead of the amplifier, while the

head movement voltage changes were led to the positive

terminal. The 10 M resistor on the negative ensured
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27 K 25 K

27 K. 25 K

FIG 6.8 Trimmer circuits to match synchro outputs.



the necessary 10X gain, while the 10K resistor on the

earth lead provided a "balancing load on the positive.

The 68ftresistor provided load to the output.

10. Voice

A throat microphone was arranged to record speech

sounds. These were displayed simultaneously with the

mandibular movements on the Mingograf trace.

11. Output signal amplification

All the output signals were amplified.

The vertical output signals from the head and

mandible were amplified in two stages. The trimmers

on the synchro outputs (Pig 6.8) gave an approximate

3X gain. This was provided by the 27 Kil resistor and

the 25 K potentiometer on the negative feedback to

the 741 operational amplifier and the 15 Kfi. resistors

on the negative input and positive earth lead.

The second stage, of amplification occurred in

the adder-subtractor unit (Fig 6.9), described above,

which resulted in a further 10X gain, giving a total

amplification of approximately 30X.

The amplifier on the antero-posterior output gave

a 47X gain. The circuit (Fig 6.10) consisted of a

741 operational amplifier with a 470 KfLresistor on

the negative feedback. 10 Kft resistors were provided

on the inputs while a. 470 Kft resistor on the positive

earth lead gave a balancing load.

The microphone output signal had a 250X gain.

The circuit (Fig 6.11) consisted of 741 operational
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470 K

FIG 6.9 (upper) Adder-subtractor unit with 10x amplification.
FIG 6.10 (lower) Horizontal movement amplifier, 47*.



1 M

A
To tape recorder

o
100 K

1 jiF

rtr

T

J

To Mingograf

(or Subtracter)

100 K

FIG 6.11 (upper) Amplifier circuit for microphone output.

FIG 6.12 (lower) Circuit for rectification and smoothing of
the output signal.



amplifier with a 1 Mil resistor on the negative feedback,

3.9 KH input loads, that to the positive providing a

balancing load to earth.

12. Rectification of the output signal

On account of the distortion to AC current caused

by the adder-subtractor unit, rectification was necessary

before the output signal passed into the unit.

The rectifier circuit (Fig 6 .12) was conventional

and provided half wave rectification. The 100 Kflresistor

provided load to the circuit while the capacitor smoothed

the current rectified by the diode.

The output from the synchro-transmitters may be

demonstrated directly or stored on tape for subsequent

analysis.

13«■ Recording on tape

The signal output from the synchro-transmitters

through the i-ectifier circuit is DC or a very low

frequency (v.l.f.) amplitude modulated (a.m.) signal.

Magnetic tape as a medium for recording v.l.f.

signals suffers serious limitations when direct recording

methods are used. First, the frequency response rarely

extends below 50 Hz and second, amplitude instability

occurs caused mainly by inhomogeneities in the tape.

For the purpose of handling analogue data , where the

DC component of the signal must be preserved, it is

necessary to incorporate some form of signal modulation

into the recording process.

JORDAN (1974) described the use of an integrated
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phase locked loop, Signetics type NE565, which acts

as a modulator/demodulator. Using a carrier frequency

of 5 KHz, this unit converts a.m. signals to f.m. which

can he recorded on tape. On playback the phase locked

loop demodulates, and the signal can be displayed in

the usual way.

It was found more convenient, however, to utilise

a tape recorder primarily designed to record v.l.f.

and DC voltage changes (Tandberg Instrument Recorder

series 1000).

14. Display

After rectification and addition subtraction, the

signal was fed into an eight channel ink-jet paper

recorder (Mingograf 800^ (Fig. 6. 13). The impedence

of this instrument was 1 Mfl.

This instrument enabled vertical and antero-posterior

movements to be displayed along with the voice print

from a simultaneously recording microphone, and a time

trace marking each 100 msecs.

From the print out, simple measurements enabled

data to be obtained on the various sounds and features

comprising the speech phrase.

15• Other analysis

Further facilities for signal collection and

analysis, which could be used, included:

X - Y recorder

Electro-rnyographic equipment

Computer
1 Teaidberg A.B., Oslo, Norway 2 Eleraa-Sch&iander A.B. Solna Sweden
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The task of analysing data from a paper recorder trace

can "be laborious and time consuming, although substan¬

tially simpler than with cinematography. A convenient

means of processing such data would be by computer

which could enable rapid classification, measurement

and print out to be obtained.

However, speech movements are very irregular in

speed of articulation, in the pauses which may be

introduced by the subject, and in the speech pattern.

Such problems present severe, if not insuperable

problems for computer analysis.

Instead electronic measurement assistance was

investigated in a later part of the study and

described in that section.
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6.2 ATTACHMENT OF THE .APPARATUS

The synchro-transmitters were mounted on adjustable

wall brackets (Fig6„14) which permitted correct positioning

and allowed for inter-subject variations. The oscillator,

adder-subtractor and rectifier units were mounted

separately in a case (Pig 6.15). Cables passed directly

to the synchros and the tape recorder and/or Mingograf.

The subject was seated comfortably in a back-

supported chair, the head being supported by a simple

adjustable head rest. Further head restraint.using

a cephalostat as advocated by, amongst others, HICKEY

et al (1963) was not used as it was felt that this may

Cause some degree of interference to normal speech

movements, a view supported by CLEAlL (1965) and

BEATON & CLEAlL (1973).

The synchro-transmitters were carefully adjusted

for the subject. The lever (stainless steel rod,

15cm long and 1.2mm diameter) from the mandibular

synchro was attached to the mandibular tooth splint

(Fig 6. 16). The head synchro was attached to the

bridge of the nose since it was felt that a further

splint, attached to the upper teeth, with its rod

passing through the lips would have caused speech

interference.

As the rotor lever moves axially, it must be of

sufficient length to avoid a confounding of movement

transduction. Indeed, the axial movement over the

studied range must, to all intents, be the same as a
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tangential movement over that range.

Too short an arm would result in either a rotational

effect on jaw movement or, if a straight movement

occurs, then a barrel distortion of the output will

occur. On the other hand, too long a lever will

result in extremely small voltage changes as jaw

movement occurs, although discrimination to better than

8' is achieved by the synchro-transmitter.

A lever length of 15cm was therefore chosen which,

it was considered, gave a satisfactory balance between

the problems of barrel distortion and induced voltage

changes.

Notwithstanding this, a sliding tube was inter¬

posed between the mandibular tooth splint rod and the

rotor lever, as also between the head lever end the

bridge of the nose. This permitted the slight, non¬

functional and irrelevant lateral movements of the

mandible and head to occur during speech v/ith

minimal confounding of vertical or antero-posterior

movements.

To monitor head movements, only one synchro-trans¬

mitter was used, with its lever attached to the

bridge of the nose. It was found that because of the

head rest, inadvertent head movements were vertical

rather than antero-posterior and that the bridge

of the nose was a sufficiently accurate position for

monitoring these movements. In any case it was felt

desirable to avoid having a splint attached to the
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upper teeth with a further rod passing between the

lips as this could have interfered with speech. The

tube was attached to the bridge of the nose by

Sleek Plastic Adhesive Strapping1 (Fig 6. 16).

The angulation of the mandibular synchro-trans¬

mitter was adjusted so that the axis of the rotor

is parallel to the mandibular incisal point - condylar

plane. This angulation was chosen, after careful

consideration, to prevent confounding of vertical and

antero-posterior movements of the mandible during

speech.

Confounding occurs when, as a result of faulty

angulation, retruded open-close movements (or vice

versa) show themselves as protrusive movements. When

the synchro is correctly angled, retruded movements

of the mandible are tangential to the axis of

measurement and will not be recorded while any

translatory (protrusive) movements are immediately

transduced.

The head synchro was adjusted parallel to the

mandibular synchi-o. The synchros were aligned, then

zero-set to each other, using a digital voltmeter.

The microphone for the sound trace was then

coupled into the system.

V/ith all electrical leads connected and the

output levels checked, the apparatus was then ready

for operation.

Although standard settings were used on all the

1. T.J. Smith & Nephew ltd, England
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instruments, before recording the speech sequence, a

check callibration was carried out by inserting a 10mm

spacer between the incisor teeth. This gave an incisal

separation of 10mm + the amount of the overbite which

could be checked against the output trace.

The experiments commenced with the subjects teeth

in the intercuspal position. The speech phrase was

repeated with the teeth being brought into the inter¬

cuspal position at the end of each phrase. The

intercuspal position established a base line from which

measurements could be made (Fig 6. 17).

Recordings were made simultaneously on the tape

recorder and the Mingograf paper recorder.
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6.3 CALLIBRATION, LINEARITY AND FREQUENCY RESPONSE

1. Introduction

A lever connected the rotor of the synchro-transmitter

to a splint cemented to the lov/er teeth. Movement of

the mandihle resulted in angular displacement of the

rotor and thus changes in the voltage of the output

signal. Depending upon the position of the rotor

relative to the stator body, a linear output from the

transduction system could "be obtained. Before any

piece of equipment designed to transduce movement can

be used with confidence it is necessary to callibrate

the apparatus to demonstrate its precision and frequency

response. Both bench and intra-oral tests were carried

out.

2. Bench callibration

The synchro-transmitter was mounted vertically in

a bench clamp with the rotor lever extending horizontally.

A 360° protractor was cemented to the synchro with the

latter's rotor extending through the centre of it. The
*

output signal was lead to a digital voltmeter... The

lever was moved in 5°steps for the full 360° of rotation

and the sinusoidal form of the output signal plotted.

(Pig 6.18). This enabled the linear sections of the

output signal to be identified. These were then

examined in more detail.

2
A Vernier microscope (Swift ITtilex) was arranged

such that its barrel traversed the end of the rotor

1. Data Technology Model 3 Santa Ana, California
2. Swift & Sons Ltd, Camberwell Road, London SE5.
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angular displacement

Fig 6. 18 ou"tput voltage from the synchro-transmitter during

angular displacement of rotor. Linear sections are clearly seen.



lever over defined distances (Pig6.19). The output

voltages were read from the digital voltmeter.

The results for a 45mm traverse, a range well

"beyond that of normal function, are shown in Table 6.1.

A good linearity was obtained.

When a smaller traverse of 20mm was examined from

both the voltmeter and the Mingograf paper record

an excellent linearity and accuracy was found (Pig 6.20 ,

Table 6.2). The voltmeter showed the synchro-transmitter

to be accurate to 0.01mm while the Mingograf trace

reduced this accuracy to 0.04mm.

V/ith the Vernier microscope,movements of 0.1mm could

be easily demonstrated, movements smaller than this

v/ere not examined.

3. Intra-oral callibration

In the clinical studies the Mingograf was adjusted

to give a 2 x magnification of jaw movement on the

output trace. Por the intra-oral callibration test

a subject with an edge-to-edge occlusion was selected.

The transduction apparatus was mounted and attached in

the usual v/ay. Shims of progressively increasing thick¬

ness (3»6,9»12,15mm) were placed between the anterior

teeth,'and the Mingograf trace measured. The results

are shown in Pig 6.21,- Table 6.3.

The -system had a maximum error of 6.2% - 0.4mm

and a mean error of '3*1$ = 0.2mm.
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Bench caliibration over 45 mm traverse

Efficiency of adder-subtractor unit

Movement Voltage diff. A-S unit: Voltage difi

mm mM mtf mM mhf

0.0 4.028 2.533

5.0 3.654 374 2.495 38

10.0 3.253 401 2.496 *
\

15.0 2.837 416 2.507 11

20.0 2.417 420 2.532 25

25.0 2.000 417 2.546 14

30.0 1.590 410 2.570 24

35.0 1.186 404, 2.598 28

40.0 0.801 385 2.645 47

45.0 0.427 374 2.690 45

X 400

Mean error of synchro output; 3.4%
Mean error of adder-subtracter units 6.4%
x 25.9

TABLE 6. 1. Bench callihration of synchro over a 45 ™ traverse and

callibration of efficiency of the adaeivsubtractor unit. Synchro
levers were traversed by a vernier microscope.
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Bench callibration

Movement Voltage diff. Trace diff

mm mV mV mm mm

0 0.340 0

2.5 0.533 193 7.65 7.65

5.0 0.730 197 15.3 7.65
7.5 0.927 197 22.85 7.55

10.0 1.124 197 30.50 7.65

12.5 1.322 198 38.45 7.95

15.0 1.528 196 46.0 7.55

17.5 1.724 196 53.85 7.85

20.0 1.919 195 61.20 7.35

x 196 7.65
Maximum error 3 mY or 1,55^ O.3O ra or 3.5?o

Mean error 0.55% 1.6%

TABLE 6.2. When the synchro lever was traversed in 2.5 mm stages

by a vernier microscope both output voltage and Mingograf trace

demonstrate the accuracy of the apparatus.
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Fig 6.21. Intra-oral callibration of system. Inter-occlusal

separation increased in steps of 3 mm by insertion of shims. Two

times magnification of trace.



Intra-oral callibration

Tooth separation (mm)

Centric

3.0

6.0

9.0

12.0

15.0

X 6.4 mm

Maximum error: 0.4 mm = 6.2%
Mean error: 0.2 mm = 3.1%

Distance "between traces (mm)

0.0
'• 6.5

+ 6.8

+ 6.5
+ 6.0

+ 6.5

TABLE 6.J. Intra-oral callibration. Shims of increasing thickness
were placed between the teeth of a subject with an edge-to-edge

occlusion. The accuracy of the apparatus is demonstrated.



4. Frequency response - electrical

The manufacturers data sheets showthat the frequency

response for the synchro-transmitters is flat to 50 KHz.

The output signal from the synchros was taken to a

Mingograf paper recorder which gave a flat frequency

response to 650 Hz with a sine wave at 20mm peak to

peak.

The electrical frequency response was entirely

satisfactory.

5• Frequency response - mechanical

The mechanical frequency response of the system

was investigated hy coupling the rotor lever of the

mounted synchro-transmitters to a crank attached to

the driver shaft of an electric motor, the speed of

which could be controlled.

The output signals v/ere taken to the Mingograf

paper recorder and the frequency of the output signal

calculated.

The responses from both synchros were extremely-

flat to 5.8 Hz when a resonance frequency occurred in

the upper synchro.. This resonance continuedto 7.5Hz

when the response was flat again to 9.5Hz, the highest

tested. The response in the lower sjcnchro was completely

flat to 9.5Hz. (Fig 6. 22)

It was concluded that the mechanical frequency

response was linear for values of velocity and acceleration

well beyond those involved in jaw movement.
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Frequency (Hz)

Fig 6.22. Mechanical frequency response of the transduction system

A resonance frequency occurred between 5.8 Hz and 7.5 Hz.



6. Correction factors for measurement of the
output trace.

Movement at the point of attachment of the

transducer to the mandibular splint is not of the same

magnitude as that at the mandibular incisal point

during vertical movements. It is therefore necessary

to standardise the distance between the mesio-incisal

point and the point of attachment of the transduction

apparatus, then establish base lines from which measurement

correction factors can be calculated.

The intercuspal position was recorded. To obtain

a standard position of vertical separation, a 10mm gauge

block was inserted between the incisor teeth. This

resulted in a vertical separation at the mandibular

incisal point of 10mm + the amount of overbite. On

the output trace, the vertical distance between the

intercuspal position and the gauge position gave a
/

callibration factor which permitted true measurement

of the trace to be carried out in the vertical plane.

This was arranged to be 2X enlargement. The controls

on the equipment were noted and not altered between

subjects, nevertheless a callibration check was carried

out on each subject.

During protrusive movements there was no enlarge¬

ment of movement between the mandibular incisal point

and the point of attachment to the splint. Nevertheless,

a. callibration factor must be calculated to permit

trace measurement. This again was arranged to be 2X.
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7. Conclusion

The results show that an accurate and linear

transduction system with an excellent frequency response

has been designed for the recording of mandibular move¬

ments.
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6.4 PLAKES OF REFERENCE

A minimum of six coordinates is required to describe

the location of a body in space. Most studies of jaw

movements, including this study, describe the location

of a point on the jaw, and to locate the position of this

point, a minimum of three coordinates is necessary.

However, a preliminary study of mandibular movements

in speech, using a cinephotographic technique which

demonstrated movements in three planes, indicated that

the lateral movements were negligible and appeared to

be irrelevant in speech production so, for the purposes

of this study, have been disregarded.

In this investigation, therefore, mandibular movements

have been studied in the sagittal plane only, these

movements being examined in the vertical and antero¬

posterior coordinates.

Although location of a point on the jaw does not

necessarily describe the location of the jaw, the condyles

provide sufficient constraint to permit a general

description of jaw movements when jaw point movements

are described (GILLINGS, 1973).

In considering the extent of a jaw point movement,

the particular jaw point from which the movement is

made, and the direction from which the movement is

recorded, must be defined accurately. By way of example,

if one assumes a hinge - opening pivoting type movement

of the condyle and measures the extent of movement by

recording the movement of a stylus on a rod fixed
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to the mandible, the actual movement of the stylus will

he the arc of a circle, the radius of which is the

perpendicular distance from the stylus to the axis of

rotation, in this case the pivoting condyles. The

movement of a point on the jaw will he smaller than the

observed movement of the stylus since it is closer to

the axis of rotation than the stylus. (Similar reasoning

does not apply, however, to the antero-posterior movements).

In this study, the movements have been corrected

for a mandibular point located at the mesio-incisal

point. The open-close and antero-posterior movements

during speech were monitored in the median sagittal plane

whose antero-posterior reference plane was the mandibular

mesio-incisal point to head of condyles, with the teeth

in the intercuspal position. For convenience this will

be referred to as the horizontal plane. The vertical

plane passed through the mandibular mesio-incisal point

at right angles to the median-sagittal and horizontal

planes with the teeth in the intercuspal position.

This horizontal plane was chosen since it caused

least confounding of antero-posterior and vertical

movements during hinge opening movements of the mandible

and, further, it permitted simple and accurate positioning

of the apparatus relative to the subject's head (Fig 6.25, 24)
The splint was attached to the lov/er right posterior

teeth, the rod passing through the commissure of the lips,

to lie in line with the central incisors, the point of

attachment of the rotor lever being 3cm in front of those
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Fig6.23SynchroalignedparalleltoMandibularMesio-incisalPointtoHeadofCondylesreferenceplane.
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teeth in the midline,(Fig 6. 25).
In this study, therefore, the planes of reference

were:

1. Median-sagittal plane passing through the

mandibular mesio-incisal point.

2. Horizontal plane, at right angles to the

median sagittal plane passing through the condylar

heads and the mandibular mesio-incisal point with the

teeth in the intercuspal position.

3. Vertical plane, at right angles to both the

above planes, and passing through the mandibular

mesio-incisal point with the teeth in the intercuspal

position.

Definitions

Horizon: Zool and Anat. A level line, or surface, as

the horizon of the teeth, that of the diaphragm.

Horizontal: Zool and Anat. Applied to parts, organs,

or markings parallel to a plane supposed to extend from

end to end and from side to side of the body.

The Shorter Oxford English Dictionary

3rd Ed. 1970
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6'5 CONCIUSIOK

The apparatus which has been developed for trans¬

ducing mandibular movements and described in this study

is a great advance on the methods which have been

used to date.

Synchro-transmitters have not previously been

applied as transducers of mandibular movement.

BREV/ERSDORFF (1967) utilised synchro-resolvers in a

study of chewing but the method of application, elec¬

trical circuitry and use were significantly different

and the system would probably not have been suitable

for studies of speech physiology.

The apparatus described in this study has the

advantages of the light loading of the ABBS & GILBERT

(1973) system without the concomitant drift problems,

none of the difficulties of the photoelectric methods

(GILLIKGS, 1967) and, unlike many of the systems used

previously, is linear and highly accurate.

With the ability to tape the output signal, extreme

flexibility has been achieved. The apparatus is a useful

medium for research involving accurate transduction of

movement in other fields of physiologic interest or

science where a limited angular displacement is to

be measured.
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7. MEASUREMENT OF THE TRANSDUCTION DATA

1. INTRODUCTION

The problem inherent in any analysis is that of

the physical measurement and presentation of the data.

The problem is equally valid for this study.

When the mandible moves, the output from the

transducers is in the form of varying voltage changes

which can be displayed, on the paper recorder (Mingograf 800)

or stored in a four channel tape recorder ('Tandberg

Instrument Recorder series 1000) for later display

and analysis.

As the transduction system is linear, simple

measurement from established base lines was the

method used and the following procedure was adopted.

2. MEASUREMENT OF DATA

2.i After print out, the traces were examined,

the words identified from the pattern of the voice

print and the movement pattern of the mandibular trace.

The sounds were then noted lightly in pencil on the

trace.

The sounds first marked were those at points of

movement reversal, or 'Cardinal' sounds - /d,f,s,t,

a,Q,o,i,9/ and usually /b,o,u,&/. Sounds like /c,l,n/
could usually only be designated an approximate

position on the trace where the mandible was moving

fairly rapidly. These latter sounds were not regarded

as Cardinals^/h/ could not be precisely located.
2.ii As the speech phrase commenced from and
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terminated in the occlusal position, a "base line was

established from which measurements were made (Fig 7»1)»

2.iii Measurements were then made of the

vertical distance the trace was separated from the

previously established base line vising a v/hite

plastic millimeter ruler, white for legibility.

The distances were measured to the nearest 0.1mm.

However, as the traces were magnified two times, fairly

great accuracy was achieved. Similar measurements were

ca.rried out on the antero-posterior trace.

Values were obtained for the vertical and antero¬

posterior position of each sound and/or surd reversal

of mandibular movement.

The time required to repeat the phrase was also

noted, being measured from the time interval trace

on the paper record which was marked in 0.1 second

intervals.

3 • ELECTRONIC SIGNAL MEASUREMENT

Electronic signal measurement would have been of

great assistance in the analysis of the test phrases.

Two basic problems arise when such a method is employed

to examine speech patterns. These are:-

3.i Triggering of the measuring system mvist be

either by a pulsed voltage signal or by a rapid change

in the output voltage from the transducer. When the

pulsed voltage signal is used, the speech must be

precisely synchronised with that pulsed signal. This

is impossible to achieve. On the other hand, the rapid
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A : Vertical movement trace

B s Voice print

C s A/P movement trace

Fig 7.1



voltage change in synchro output may or may not occur

as the mandibular movement varies considerably between

subjects. Thus in many cases triggering would not

occur. (Pig 7.2).

3.ii The identification of the component sounds

of the test phrase is based on either time interval

from the original triggering signal or by voltage

change from the mandibular movements for these sounds.

Pauses unintentionally introduced by the subjects

cause confusion when the time interval principle is

used (the time taken to say the test phrase varied

between 4.4 and 9.6 seconds) while variations in

mandibular movement between subjects makes the

alternative measurement system inoperative. (Pig.7.3).

Por these reasons, simple measurement from the

output traces was undertaken as a simpler and more

straight forward method.

4. PA TA RECORDED

The following data were recorded and are presented

elsewhere in the study

(a) The jaw separation and degree of antero¬
posterior translation of the mandible,

for the Cardinal and other sounds.

(t>) The range of movement, or maximum extent of

mandibular movement, both vertical and horizontal,

required to produce the speech phrase.

(c) The total movement required to produce the
speech phrase"

This was calculated from the sum of the jaw separation
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differences between the checks and reversal of movement,

measured both vertically and horizontally (this is

shown diagrammatically in Fig 7.4 and is given by formula

2 d where d is the difference between values, and
M

M is the amount of enlargement of the trace). The

resulting figure is an indication of the distance

travelled by the mandible during the speech phrase.

(d) Total movement related to time. As the

inter-subject, and indeed intra-subject, rate of speech

varies (at normal speech speeds the extremes were

4.4 and 9*6 seconds), it was necessary to relate the

total mandibular movement v/ith time. This gave a

result in millimeters per second, being the average

rate at which the mandible moves, and enabled a better

comparison of the effort required by that subject for

speech production.
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Total Mandibular Movements = (A - S)+(A - B)+(C - B)+(C - 1))^-

Magnification of trace

Fig 7«.4 Total mandibular movements - the measurements.
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INVESTIGATION OF ERRORS

8.1 INTRODUCTION

In all investigations, standardisation of techniques

and equipment is designed to eliminate, or minimise,

error. Some errors, however, are unavoidable such as

those present in recording instruments.

These errors are usually stated in the commercial

literature or operating instructions and are usually

small. Other potential errors are present in the techniques

employed or in the method of analysis. Whilst some of

these may be eliminated or reduced by using standardised

techniques, others require investigation in order to

determine the possible effects on results.

8 .2 CEPH.a LOMETRIC ERRORS

Cephalometric radiography is a recognised technique

permitting measurements of the skull to be made. It is

a process which involves some enlargement of the image

of the skull.

This enlargement could result in some errors. However,

the technique is standardised for tube - skull - film

distance and a cephalostat is used to prevent head movement,

thus the enlargement is standardised and any errors

would be negligible, (LAIRD, 1973, L'ESTRANGE, 1974).

An investigation of errors from this source was therefore

not carried out.

8-3 CEPHALOMETRIC MEASUREMENT ERRORS

The cephalometric radiograph study required measurements
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from defined point on the film. Tracing, marking of

reference points and lines and measurement from these

constitute possible sources of error. Accordingly,

this was investigated with regard to both intra- and

inter-observer error. Readings were made by the author

and an independent observer in the following manner.

Eight subjects were selected and tracings made of

each of the cephalometric radiographs with the teeth

in the intercuspal position. Reference points and lines,

as described in Chapter 4.2 were located and tracings

made. The results are shown in Table 8.1 . Following

these readings, the measurements were repeated by the

author and compared with his original observations.

The error was computed using the formula:

Standard error = Jd^
2n ,

(v/here d is the difference between readings and n the

number of readings) as suggested by FEVAKARI (1956).

In addition the maximum positive and negative errors

are shown.

Max + Max - Standard error

Intra-observer error 0.0mm 0.5min 0.21mm

Inter-observer error 1.5mm 0.5mm 0.5mm

It may be seen that the errors from this source

are small and good correlation was seen between the

observations and between observers.

8 .4 ERRORS ARISING FROM THE TRANSDUCTION APPARATUS

Manufacturers specifications can, at best only

give an indication of the transmission accuracy which
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Table of measurements

diff. Oris

-0.2 77.7

-0.5 90.0

0.0 81.0

-0.5 90.5

0.0 82.0

-0.5 79.5

0.0 84.0

-0.5 91.5

Intra-observer

Maximum errors +0.0 - 0.5

Standard errors 0. 21

TABLE 8.1 . Table of measurements .J

measurement errors. Intra- and int<

New. Ind.Obs ■ diff

77.5 77.5 -0.2

89.7 90.0 0.0

81.0 81.0 0.0

90.0 90.0 -0.5

82.0 81.0 -1.0

79.0 81.0 +1.5

84.0 85.5 -0.5

91.2 91.0 -0.5

Inter-observer

+ 1.5 - 0. 5

0.50

callibration of cephalometric

observer errors.



can "be expected from this apparatus. An electrical

accuracy of "better than 8' of an arc (equivalent to

0.34mm on the apparatus) may he expected from the

synchros themselves.

The paper recorder used in the study was a Mingo-

graf 800. The manufacturers literature gives the

minimum amplitude linearity as being better than 2.5$

of maximum amplitude v/ithin the measuring range of

80mm.

It was decided to investigate the errors of the

transduction system in order to decide what reliance

could be placed on the output traces. Bench and

intra-oral tests were therefore carried out.

Although the synchro lever moved easily, the

possible deflection its loading could cause on the wire

of the tooth splint was investigated first since, if the

loading were significant, major deflections could occur

v/hich would invalidate the results.

Cinephotography had been tried for this purpose

using the lower incisors as a comparison against which

to measure. The method was found to be insufficiently

accurate as the lower teeth were frequently covered by

the lips in speech. A bench test was therefore employed.

The attachment point of the rotor lever was laid on

the weighing pan of a Stanton Unimatic CL3 balance^and
the load required to move the lever determined. This was

found to be 0.6gms.

A randomly selected mandibular tooth splint was firmly

1. Stanton Instruments, London
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fixed in a "bench clamp. A binodcular stereo microscope

with a vernier eyepiece was mounted horizontally so

that the eyepiece could measure vertically. A 0.6gm

load was applied to the wire from the tooth splint at

its attachment point, and the deflection measured. The

synchro lever loading caused the attachment wire from

the tooth splint to deflect 0.04mm. - a negligible amount.

The transduction sj^stem was then studied. The

test v/as basically similar to that used for callibration

and described in that section.

The synchro-transmitter was mounted vertically

with the rotor lever extending horizontally. A vernier

microscope v/as arranged such that its barrel traversed

the rotor lever over defined distances. Output

voltage readings were read from a digital voltmeter at

5mm intervals (Table 8.2 ).

Over a 45mrn range - much greater than the normal

range of movement - the voltage change averaged 80.0MY

per mm. The maximum error amounted to +6.2$ to -6.5$

with a mean error of 3•4$.

Since the output from the synchro-transmitters

is related to the sine of the input voltage, the

perceived error will be greater over large ranges.

Therefore the test was repeated- over a more 'normal'

range of 20mm. This test was coupled with a study

of the errors inherent in the Mingograf.

1. Watson Ltd, London.
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Bench cal l iteration over A 5 mm traverse

Efficiency of adcer-subtractor unit

Movement Voltage diff. A-S unit: Voltage difl

mm itM mlrf mM mljf

0.0 4.028 2.533

5.0 3.654 374 2.495 38

10.0 3.253 401 2.496 1

15-0 2.837 416 2.507 11

20.0 2.417 420 2.532 25

25.0 2.000 417 2.546 14

30.0 1.590 410 2.570 24

35.0 1.186 404 2.598 28

40.0 0.801 385 2.645 47

45.0 0.427 374 2.690 45

X 400

Mean error of synchro output: 3«4%
Mean error of adder-subtractor unit; 6.4%
X 25.9

TABLE 8.2. Bench callibration of synchro over a 45 A1™1 traverse and
callibration of efficiency of the adder-subtractor unit. Synchro
levers were traversed by a vernier microscope.



The output from the synchro-transmitters was

monitored by both the digital voltmeter and the

Mingograf. Subsequently the Mingograf trace was

measured using the travelling microscope (Table 8.5 ).

These tests showed a voltage error from + 1 $ to

-1.5/6 with a mean error of 0.55$.

The Mingograf trace error ranged from maximi. of

+3.9$ to -3.9$> with a mean error of 1.6$. Errors

from this source were small.

for the intra-oral error test, shims of increasing

thickness (3> 6, 9, 12 & 15mm) were placed between

the teeth of a subject with an edge-to-edge occlusion.

The trace is shown in Fig 6.21 and the results in

Table 8.4 . These showed the intra-oral test errors

to be:

Maximum error - 6.2$

Mean error 3.1$

8.5 ATTACHMENT ERRORS

Errors could arise during the study as a result

of attachment discrepancies of the apparatus.

This could arise if the effective lengths of the

ro'tor levers varied (a) between head and mandible

or (b) between subjects. Such errors could come

about by attaching the connecting slide in a non¬

standard way to the rod from the mandibular splint,

or as a result of positioning
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Bench callibration

i

Movement Voltage diff. Trace diff.

mm mV mV mm mm

0 0.340 0

2.5 0.553 193 7.65 7.65

5.0 0.730 197 15.3 7.65

7.5 0.927 197 22.85 7.55

10.0 1.124 197 30.50 7.65
12.5 1.322 190 38.45 7.95

15.0 1.528 196 46.0 7.55

17.5 1 .724 196 53.85 7.85

20.0 1.919 195 61.20 7.35

x 196 7.65
Maximum error 3 mV 1 «5% 0.30 mm or 3.9%
Mean error 0*55% 1.6%

TABLE. 8.3 The synchro lever was traversed in 2.5 mm stages

by a vernier microscope both output voltage and Mingograf trace

demonstrate the accuracy of the apparatus.



Intra-oral callibration

Tooth separation (nun) Distance between traces (nun)

Centric 0.0

3*0 6.5
6.0 6.8

9.0 6.5
12.0 6.0

15.0 6.5

X 6.4 mm

Maximum error: 0.4 mm = 6*2%
Mean error: 0.2 mm = 3.1%

TABLE 8.4. Intra-oral callibration. Shims of increasing thickness
were placed between the teeth of a subject with an edge-to-edge

occlusion. The accuracy of the apparatus is demonstrated.



the slides at different points on the rotor levers.

Great cere wes exercised during the study to

ensure that the positioning of the rotor levers was

standardised, both in relation to the slides and also

to fixation on the mandibular rod, in order to

eliminate or reduce as far as possible errors from

this source.

8•6 errors from head movement

Further errors in the trace from which measurements

weiemade could result from inadvertent head movement.

An adder-subtractor unit was incorporated in the circuit

of the transduction apparatus. The effectiveness of this

was investigated. As it was not possible to control

such tests effectively using the subjects under study,

bench tests were carried out.

The head and mandibular synchros were mounted

vertically with their respective rotors in line and

almost touching. The stator barrels were synchronised

and the horizontally extending rotor levers were traversed

together by the barrel of the travelling microscope,(Fig 6,19).

The adder-subtractor unit reduced the combined

output of the synchros by 93.6$, i.e. the error from

this source was 6.4$ (Table 8.3).

8•7 trace measurement errors

Measurement of the traces was carried out using a

millimeter rule, measuring the distance between the trace

and the base line of the intercuspal position. This
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method of measurement constituted a possible source of

error.

The magnitude of such errors was examined by

repeating the measurement of a number of traces

(intra-observer error), and comparing these measurements

with those of an independent observer (inter-observer

error).

To determine the intra-observer error, a double

determination study was undertaken. 28 separate measure¬

ments from the traces of 7 randomly selected subjects

were remeasured and compared with the original measure¬

ments (Table 8.5).

The inter-observer error was determined in the same

way, these 28 separate measurements from the same 7

randomly selected subjects were remeasured by an

independent observer and again compared with the original

measurements (Table 8.5).

The error was again computed using the formula:

Standard error = ^2 where d is the difference
27T

between readings and n the number of readings.

The maximum intra-observer errors were +0.3mm
-f

and -0.5mm, with a standard error of - 0.10mm while the

inter-observer errors were +0.2mm and -0.4mm, with a standard
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Trace error callibration

diff. Orig. Mew.

10 • V>l 4.1 CO•

-0.1 3.0 2.9

-0.1 3.0 2.9
+0.1 3.2 3.3

0.0 1.6 1.6

0.0 0.3 0.3

-0.2 1.0 0.8

0.0 1.5 1.5

+0.3 4.1 4.4

0.0 3.4 3.4

-0.2 3.8 3.6
-0.2 3.8 3.6
-0.2 3.1 2.9

-0.2 2.5 2.3

0.0 1.7 1.7

-0.2 2.5 2.3

+0.3 1.9 2.2

0.0 1.9 1.9

0.0 0.6 0.6

0.0 1.3 1.3

0.0 2.5 2.5

+0.1 2.0 2.1

-0.1 2.4 2.3

-0.1 2.6 2.5

+0.1 2.8 2.9

-0.2 3.3 3.1

0.0 2.1 2.1

0.0 3.0 3.0

Intra-observer

Maximum error +0.3 -0.2

Standard error 0.10

Ind.Obs. diff

3.8 -0.3

2.9 -0.1

2.9 -0.1

3.1 -0.1

1.6 0.0

0.3 0.0

0.8 -0.2

1.3 -0.2

4.1 0.0

3.2 -0.2

3.6 -0.2

3.6 -0.2

3.1 0.0

2.3 -0.2

1.6 -0.1

2.3 -0.2

1.9 0.0

1.7 -0.2

0.6 0.0

0.9 -0.4

2.5 0.0

2.2 +0.2

2.3 -0.1

2.7 +0.1

2.8 0.0

3.0 -0.3

2.0 -0.1

• O 0.0

Inter-observer

+0.2 -0.4

0.12

TABLE 8.5. Callibration of trace measurement errors.



error of 0.12mm.

Msx.Positive Max.Negative SE

Intra-observer error 0.3 0.2 0.10mm

Inter-observer error 0.2 0.4 0.12mm

Table

When compared with the variability of jaw separation

for the same phoneme /s/, at different pointsin the

speech phrase, the measurement errors are seen to be

small.

8.8 REPRODUCIBILITY OF MANDIBULAR POSITION DURING
THE SPEECH PHRASE

A source of error which may occur during any speech

phrase is a possible variability of mandibular position

for identical various sounds during repeated enunciation.

This was investigated in two parts:

(a) The variability occurring during the SAME recording

session

(b) The variability occurring during DIFFERENT recording

sessions.

(a) Variability during the SAME recording session

The analysed mandibular position for the component

sounds of the speech phrase from two sequences at the

same recording session were compared.

346 vertical and 346 anter-posterior measurements

were made. In each separate sequence by the same subject

where the sound was repeated, this was averaged. Thus

81 vertical and 81 antero-posterior comparisons v/ere

made from 18 speech phrases from 9 randomly selected

subjects (Table 8.6).
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Mandibular position differences - same recording session

Vertical (mm) Antero-posterior (mm)
0.0 0.5 0.0 0.5 0.5 0.5

0.5 0.1 0.5 0.3 1.0 0.3

0.2 0.5 0.0 0.2 0.8 0.9

0.2 1.0 0.5 0.6 1.0 0.4

1.0 0.4 0.9 0.2 1.0 0.2

0.4 0.2 0.2 0.6 2,5 1.2

0.3 0.0 1.1 0.6 0,5 0.1

1.0 4.1 0.3 0.6 1.7 0.6

0.0 0.0 0.0 0.0 1.2 0.0

0.5 2.8 0.8 0.2 2.0 0.0

0.5 1.1 1.7 0.3 1.0 0.4

0.0 0.7 0.5 0.0 2.0 0,6

0.0 0.5 0.2 0.6 1.5 0.0

0.3 0.7 0.8 0.0 0.9 1.2

0.4 1.2 0.1 0.6 0.5 1.0

0.2 0.0 0.6 0.0 0.1 0.0

0.8 0.3 1.1 0.0 0.5 0.4

0.7 0.4 0.1 0.9 1.2 0.6

1.8 0.5 0.6 1.1 1.3 0.1

1.2 0.5 0.7 1.7 0.2 0,3

0.8 0.5 1.0 1.0 0.2 0.7

1.0 0.9 1.6 3.0 1.2 0.6

0.9 0.9 0.4 2.0 1.5 0.6

0.6 0.5 0.8 0.9 0.3 0.6

0.4 1.0 2.0 0.6 0.0 0.2

3.0 0.4 0.3 0.0 0.9 0.0

1.0 0.2 0.6 0.6 0.0 1.0

n = 81 (9 subjects)
x = 0.68
Standard error =0.68

n = 81 (9 subjects)
X = 0.67
Standard error = O.64

TABLE 8.6 Differences in mandibular position for the same phoneme

in repeat phrases during the same recording session.



The mean vertical error was 0.68mm while the

standard anter-posterior error was 0.64mm.

(b) Variability during DIFFERENT recording sessions

In this case the comparison was made of the analysed

mandibular position for the component sounds of the

speech phrase from two sequences at different recording

sessions.

115 vertical and antero-posterior measurements

were made. These were dealt with in a similar way to

that described in the preceding section. 27 vertical

and antero-posterior values, from 6 speech phrases of

5 randomly selected subjects were compared, (Table 8.7).
The standard error (vertical) was 1.4mm while the

antero-posterior standard error was 0.75mm.

COMMENT

These errors were of greater magnitude than those

from measurement or any other cause and were sufficiently

large to obscure other factors which could have caused

alteration to mandibular position during speech.

8.9 REPRODUCIBILITY OF MANDIBULAR POSITION DURING THE
SHORT SPKKCh PHRASE

The short speech phrase, described in Chapter 4.5,

was introduced in an effort to reduce the inter-phrase

variability of mandibular position for an examination

of possible relationships between oral form - modified

by the insertion of dental appliances of varying sizes

- and mandibular movement compensations.

This source of error, arising from the variability

between the phrases, was investigated in two parts:
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Mandibular position differences - different recording sessions

Vertical (mm)
1.1

1.1

2.5

0.0

1.1

1.3

0.0

0.5

2.3

0.3

1.0

5.8

1.0

2.5

0.6

0.9

1.6

1.0

1.6

2.2

1.0

2.8

1.6

1.0

1.7

0.3

2.1

Antero-posterior (mm,)
0.2

0.7
,

0.9

1.5

0.4

0.3

0.7

0.5

1.0

0.0

0.0

1.2

0.3

0.5

2.2

1.5

0.3

1.9

1.2

0.0

0.3

0.6

1.6

1.2

2.4

0.4

1.0

n = 27 (3 sxibjects)
X - 1.36
Standard error = 1.14

n = 27

X = 0.84

Standard error = 0.75

TABLE 8.7 Differences in mandibular position for the same phoneme

in repeat phrases during different recording sessions.



(a) The variability occurring during the SAME recording

session

(d) The variability occurring during DIFFERENT recording

sessions

(a) Variability during the SftME recording session

The component sounds from 50 phrases from 10

subjects recorded at each subject's same recording

session were analysed, i.e. each subject repeated the

phrase five times at the same recording session.

The standard errors in the vertical plane were:

/s/ 0.1Omm

/i/ 0.16mm

/d/ 0.58mm

Total phrase 0.23mm

(b) Variability during DIFFERENT recording sessions

The component sounds from 54 phrases spoken at

different recording sessions were compared, i.e. 27

comparable phrases from 5 subjects were studied (Table 8,8).

standard errors in the vertical plane were:

/S/ 0.38mm

/i/ 0.62mm

/0/ 2.25mm

Total phrase O.S2mm

COMMENT

It can be seen that the introduction of the short

phrase has reduced the variability of mandibular position

between phrases both at the same and at different

recording sessions. Despite that, these are by far the
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Mandibular position differences - different recording sessions

(short phrase)

/3/ /I/ /a/
0.0 0.9 1.8

0.2 0.4 2.0

0.2 0.3 1.7

0.3 0.5 3.0
0.1 1.0 3.0

0.1 0.0 5.7

0.2 0.2 2.8

0.2 0.0 5.3

0.2 0.0 1.0

0.2 0.0 1.7

0.3 0.5 0.1

0.6 0.8 0.0

0.7 0.8 0.2

0.7 0.7 2.2

0.3 0.6 0.5

0.4 0.9 5.0

0.2 0.7 2.5

0.0 0.2 9.5

0.2 0.7 4.0

0.0 0.4 4.0

0.3 0.7 3.5

0.0 0.9 4.8

0.7 0.9 3.9

0.8 0.6 0.5

0.6 0.5 1.1

0.2 0.7 0.7

0.3 0.5 1.2

Number of subjects = 5

Standard errors: /S/ 0.38 mm, /i/ 0.62 mm, /q/ 2.25
Standard error for the whole phrase: 0.92 mm

TABLE 8.8.Differences in mandibular position in the vertical plane

for the same phoneme during different recording sessions of the short
speech phrase.



greatest source of error in this investigation.

6.10 RAKDOM ERRORS

Random errors ere those which may occur in an

irregular pattern. Although they may he anticipated,

they cannot alv/ays he controlled. They may, however,

he minimised hy standardisation and care in techniques.

Such errors may he divided into operator-induced error,

subject-induced error, and apparatus-related error.

(a) Operator-induced error

The simplest form of operator-induced error occurs

when the subject becomes influenced, hy directions ana

instructions, to provide a subjective rather than an

objective result. In order to minimise this error,

subjects v/ere not informed of the precise nature of

the investigation, and were only instructed to speak

distinctly and at a normal speed.

(b) Subject-induced error

Participation in experimental work may impose a

mental strain on certain subjects. This is particularly

so if they are completely uninformed and confronted

suddenly with a mass of complex apparatus. The fact

of being under observation is also a contributory factor.

The performance of a subject under strain may be unnatural

and lead to unreliable results. Unfortunately it is

virtually impossible to determine the effect of such

strain on an individual subject, but an attempt can be

made to control and minimise it. In this present study

this was done by explaining the mechanism of the trans-
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duction apparatus, by attempting to put the subject at

ease, and by making recordings of several sequences

to allow the subject to become accustomed to the

procedure of the investigation.

(c) Apparatus-related error

The term apparatus-related error is used to denote

the error in results which may be attributed directly

to the use of the apparatus. It does not include the

consideration of the errors, already examined, of the

transduction apparatus, or the strain imposed on the

subject when confronted with such equiijment.

In the present study, this source of error is

related to the presence of foreign bodies in the mouth

in the form of the mandibular tooth splint and its

related rod extending through the commisure of the lips.

These may interfere with function by virtue of their

bulk and position. The precise effect on the speech

sequence is extremely difficult to determine as any

assessment using a transduction technique, other than

cineradiography, would still involve placing apparatus

in the mouth.

Every effort was, therefore, made to keep the

splint as small as possible, while the positioning of

the rod was carefully adjusted to avoid interference

with lip function.

8.11 COMMENT

The errors arising from measurement of the traces or

from the transduction apparatus have been shown to be
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small, while efforts were made to control other factors.

The subject variability both at the same and different

recording sessions however, is comparatively large and

is shown to be the greatest source of error in the

investigation. The mean error of the transduction system

was 3.1/6. The standard measurement error of the traces

was 0.10mm.
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STATISTICAL APA LYSIS

9.1 INTRODUCTION

Although the differences and similarities between

results may appear obvious, for complete interpretation

of them it is necessary to perform statistical analyses.

In the present study such analyses were carried out to

compere results. It can be made clear whether any

relationship between results has occurred merely by

chance, or whether it is real and significant, and thus

can be expected to occur again under similar experimental

conditions.

9.2 SYMBOLS

The following symbols have been used in the statistic

analysis.

n The number of observations in a sample

X The variable

X The arithmetic mean or average of observations

D The difference between the means

£ The summation of data

SD The standard deviation

SD
SE The standard error of the mean = j ~

t A normally distributed deviate expressed in units

of standard deviation

p Probability

9.3 STATISTICAL METHODS

The statistical methods used in this study v/ere

standard ones contained in most textbooks on the subject.

Particular reference has been paid to HILL (1950) and
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MOROEEY (1957).

9.4 MEASUREMENT DATA

The analysis of the measurement data was performed

to determine mean values, standard deviations, standard

errors of the means, and significant differences in the

different groups.

Standard deviation v/as determined from the following

formula:

where the sum of the squares of the deviations is divided

by n - 1 and not n. As the standard deviation is an

estimate for the variability in the population, division

by n ~ 1 instead of n results in a better estimate when

dealing with small samples.

Comparison of the means of different groups v/as

performed by using the distribution of t from the

following formula:

t -- "the difference between the means
standard error of the difference between the means

D or D

^ sj SE^ + SEg

From the values of t, a value of p (probability) can

be calculated from the formula: degrees of freedom =

n^ + n^ - 2, and tables to demonstrate the significance

- 109 -



of the results. Where related or paired samples were

tested, the degrees of freedom = number of differences - 1,

to obtain the value of p.

Prom the p value the significance was determined

as follows:

If p ^ .05 the results were termed probably significant

If P^T.01 the l-esults were termed significant
If .005 the results were termed highly significant

9.5 CALCULATIONS

.All statistical calculations were done on a deslc

top calculator programmed to give means, standard

deviations, standard errors, t values and values of p

calculated from t.

* Monroe 1930 statistical calculator, Litton Monroe,

Orange, New Jersey, U.S.A.
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VISUAL ASSESSMENT OF THE TRACES

Examination of the traces, which comprise simul¬

taneous movement and voice print-outs, demonstrated,

at the start of the record, the mandible in the inter-

cuspal position.

It was significant to note that in most cases

the jaw opened prior to the speech phrase, usually

an amount excessive for the production of the first

sound /f/. The mandible then quickly closed to the

correct position for that sound (Pig 10.1).

This fact was first perceived when both voice

and movement traces were combined on the same

recoi^d. Without the voice trace, the appearance is

that speech commences some time before it does in

reality. This is a fundamental error liable to affect,

in particular, cinephotographic methods of studying

mandibular movements in speech and will result in

serious errors of recognition and measurement of many

of the following sounds.

In contrast to the descriptions by VIG (1968)

and L'ESTRANGE (1974), the mandible returned without

hesitation to the intercuspal position after the speech

phrase.

Pairly major differences in mandibular movement

pattern were seen during the speech phrase, not only

in the amount of movement between subjects but also

in the type of movement. In some cases clearly

defined jaw movement reversals were seen, in others
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there appeared to he glides, although the quality of

speech was not altered.

It was not possible to recognise any patterns

to enable differentiation or grouping of the subjects

on a subjective basis in any way.

This picture of glides or reversals with some

of the sounds, caused difficulty, on occasion, with

sound position identification on the traces. In

such cases the voice print proved to be a useful

adjunct.

The most clearly defined and recognisable

sounds from the movement traces were the following

vowels - /a,a,i,£,D/ while the consonants /s,t,d,f/

were always recognisable. Several sounds, particularly

the consonants /k,h,l,n/ could be produced in almost

any jaw position. It appears that the mandibular

positions for most sounds to some extent, and

/k,h,l,n/ sounds to a great extent, is dependent upon

the preceding and following sounds.

Indeed, this supports the view of COOPER et al

(1952) who pointed out that consonants are often weak

and of short duration in comparison with the vowels

which are loud and long, a transitional portion of

the vowel is therefore transferred to the consonant.

Hence, in their view, it is to be expected that the

physiological production of sounds, by the tongue and

jaw movements, will be influenced by the preceding

and following phonemes.
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Indeed, it might be true to state that there does

not appear to be any truly static position for most,

it not all, sounds but rather a range of positions,

restricted for some sounds and free for others.

It is suggested that this freedom is due to lip

and tongue flexibility and adaptation such that these

structures can extend or contract to produce these

particular sounds while the mandible moves from and

to other positions required for sound production.

Examination of the speech print out showed that

considerable differences existed between subjects. In

some subjects the pattern was clear with defined

separations between the words, in others liasons

occurred between words which made absolute identification

of the mid-point of a particular sound difficult.

Further the comprehensive speech phrase resulted in

pauses of varying length and thus a variable time factor

was introduced into speech which could have had some

bearing on the output traces.

Computerisation of the output traces was considered

as a method to permit speedy analysis and classification

of the results. However, the problem of triggering the

computer print out at specific points in the speech

phrase either by the movement output or by the voice

output is seen to be extremely difficult because

of the number of variables involved.

It was felt that the technical difficulties

associated with such a method far outweighed any
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possible advantages which might have accrued.

It seemed more appropriate, therefore, to measure

the traces manually.
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11 . ORAL FORM AFD MANDIBULAR FUFCTION IN SPEECH

1. INTRODUCTION

Clinical observation indicates that during speech

patients with increased overjets tend to protrude

their mandibles more than patients with more normal

overjet and overbite relationships. BENEDIKTSSON (1957)

supported this view in a detailed study of the /s/

sound under static rather than continuous speech

conditions. She showed that the incisal occlusion had

an influence upon the position of the mandible for the

/s/ sound production. In cases of extreme overjet

the tendency is towards a more pronounced frontal

translation of the mandible than in other groups.

VIG (1968, 1969 & 1972) showed an inverse relation¬

ship between the range of mandibular movements in speech

and the maxillary space index, the intermaxillary

space index being an expression of the intra-oral

dimensions. He showed that subjects with large

intra-oral dimensions had, in general, smaller

mandibular movement requirements for speech than those

with small intra-oral dimensions.

With such potentially complementary findings, it

might be reasonable to assume to expect to find some

mutual relationship between an incisal occlusal

classification and the intermaxillary space index.

2. MEASUREMENT DATA - INCISAL OCCLUSION AND
INTERNA MILIARY S^ACE IFDKX

The dimensions of the Intermaxillary Space Index
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were described by VIG (1968, 1969 & 1972) and L'ESTRANGE

(1974). The length was that of the occlusal plane,

measured from the most lingually placed lower incisor

showing on the radiograph to the point where the occlusal

plane intersects the posterior wall of the pharynx.

The height was the vertical distance from the maxillary

plane to the menton anteriorly and posteriorly to the

menton - gonion plane passing through Point E (Pig.11 .1).
These measurements were obtained from lateral

skull radiographs of the subject, taken with the teeth

in occlusion, as described in the Chapter on

Morphological Data.

The subjects were then subdivided into groups of

LONG or SHORT, HIGH or LOW on the basis of:-

LONG being )> 85mm

HIGH being )> 74mm
The Incisal Occlusion was classified in the following

manner:-

Class I: Over jet of 1 - <( 5mm and Overbite of less than

5 mm.

Class II: division 1: Ovorjet greater than 5mra.

division 2: Overjet 1 - <5mm but Overbite

greater than 5mm, in addition the upper incisors had to

be at 100° or less to the maxillary plane.

Class III: Edge-to-edge or reverse Overjet.

2.i Experiment 1

Aim: To investigate the possible relationship

between the intermaxillary space index and the incisal
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Fig 11.1 The dimensions of the Intermaxillary Space Index.



occlusion.

Materials: The number of subjects studied was

35 > which comprised 22 males and 13 females.

The dimensions measured and compared are those

described earlier.

Results: The results are shown in Table 11.1. There

was no obvious relationship between the incisor occlusion

and the intermaxillary space index.

Comment

Further investigation was indicated to determine

the relative importance of these factors in speech

production.

3. INFLUENCE OF INTERMAXILLARY SPACE INDEX ON
MANDIBULAR MOVEMENTS IF SPEECH

YIG (1568, 1969 & 1972) showed an inverse relationship

between the dimensions of the intermaxillary space

index and the range of mandibular movement in speech,

although the transduction method left some doubts

about the conclusions drawn.

A detailed study of this aspect of speech physiology

was undertaken.

3.i Experiment 2

Aim: To investigate the relationship between

the intermaxillary space index and the range of movement

in speech.

Definition: The range of movement was calculated

by adding the widest opening movement of the mandible,

in this case usually /Of in /sg,d hau cud/, to the
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Experiment 1

Occlusal (inoisor) and Intermaxillary space classification

of subjects

OCCLUSAL No INTERMAXILLARY TYPE

CLASSIFICATION Short & Long & Short
Low Low High

Class I 24 5 4 8

Class .11 div 1 9 3 3 3

Class II div 2 1 1 0 0

Class III 1 0 0 0

TOTAL 35

Long &
Si£h
7

0

0

1

TABLE 11 .1 The distribution of subjects into Intermaxillary

Space classification and Occlusal (incisor) classification.

Ko obvious inter-relationship exists.



greatest antero-posterior movement of the speech phrase.

This is the range of movement and. this was the measurement

used by VIG and 1*ESTRANGE (1974).

Materials: 26 subjects were included in this

study. The dimensions measured and compared are those

described earlier.

Results: The results are shown in Table 11 .2.

There was no obvious correlation between the inter¬

maxillary space index and the range of movement.

Comment

It could be argued, however, that the range of

movement is not an accurate, nor indeed valid, assessment

of the amount of mandibular movement involved since a

single excessive movement resulting from subject factors
- speed of speech, rhythm, syllable stress - could

seriously distort the picture.

Certainly these are the confines within which the

mandible moves during speech but the dimensions measured

demonstrate the extremes rather than the normal. It

can in no way be called a description of mandibular

movement, yet this was the method devised by YIG and

used also by L'ESTRANGE. Perhaps it is fair comment

to suggest its use and error is a function of the

problems of analysing cine film.

It was felt that a method of measuring mandibular

movement in speech, more related to the dynamics of the

question could be evolved. The total mandibular

movement measurement was devised.
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Experiment 2

Long High Long Low

17.0 11.1

10.9 5.3

11.3 6.6

11.2 10.0

8.8 5.8

19.6 13.2

13.2 —

Short Low Short High

10.8 18

14.0 11.5

9.3 8.0

8.3 20.5

12.3 11.4

16.0 7.1

20.5 -

n = 26
Mean 13.1 8.6 13.0 12.7 (mm)
S.D. 5.8 >3.22 4.22 3.39
S.E. 1.44 1.31 1.59 2.20

No significant differences were found between the groups

TABLE 11.2 Range of mandibular movement and the intermaxillary

space groups. Measurements in mm.



3.ii Experiment 3

Aim: To investigate the relationship "between the

intermaxillary space index and the total mandibular

movement in speech.

Definition: The total mandibular movement was

calculated by measuring the total distance, both

vertical and antero-posterior, travelled by the mandible

in the production of the speech phrase. This is shown

diagrammatically in Pig.11.2.

Materials: The number of subjects studied in

this experiment was 26, the dimensions to be measured

and compared have been described.

Results: The results are shown in Table 11 .3 which

compares the total amount of mandibular movement with

the intermaxillary space index. No such correlation

was found.

Comment

Although the resxilts were negative, the total

mandibular movement may be only part of the material

which should be measured. As the speed of normal

speech varies between subjects for the same speech

phrase, the speed itself may be a factor affecting

the amount of movement.

3.iii Experiment 4

Aim: To investigate a possible relationship

between the intermaxillary space index and the total

amount of mandibular movement per second.

Definition: Total amount of mandibular movement was
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Total Mandibular Movements = (A - S)+(A - B)-f(C - B)+(c - 1)).,,.

Magnification of trace

Fig 11.2. Total mandibular movements - the measurements.



Experiment 5

Long High Long Low Short Low Short High

48.5 6o.6 74.2 133.5

69.6 34.0 54.0 43.0

75.8 39.0 33.7 47.0

64.3 79.0 133.6 223.0

61.5 28.0 64.0 51.5

98.0 - 147 • 91.5

82.1 — 64.0 61.0

n = 26

Mean 71.4 48.1 81.5 92.9 (mm)
S.D. 15.9 21.2 42.2 65.7
S.E. 6.01 9.4 15.9 24.8

No significant differences were found between the groups

Table 11.5. Kelationship between the total mandibular movements

in speech and the intermaxillary space groups. Measurements in mm.



calculated as previously described. The elapsed

time required for the phrase was rioted from the time

trace on the record, and the resulting speed (total
amount of movement/second) calculated.

Materials: The number of subjects studied was

26. The dimensions measured and correlated have

already been described.

Results: The results are shown in Table 11 .4.

No correlation or relationship was found between the

maxillary space index and the rate of mandibular movement

in speech (total amount of mandibular movement per

second).

Comment

The foregoing experiments demonstrate that the

intermaxillary space index has no measureable influence

on mandibular movements in speech.

4. INFLUENCE OP IfCISAL OCCLUSION OH MANDIBULAft
MOVEMENTS IN SPEECH

Clinical observation suggests that the incisal

occlusion has a profound influence on mandibular

movements in continuous speech. BEKEDIKTSSON (1957)

has shown in a static study that the incisal occlusion

has a marked influence upon the position of the mandible

during /s/ sound production.

This aspect of speech physiology was therefore

investigated.

4•i Experiment 5

Aim: To demonstrate a possible relationship between
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Experiment 4

Long High Long Low Short Low Short High

7.8 12.2 11.6 15.7
11.6 5.6 10.2 6.8

10.1 6.3 6.7 8.3

8.3 16.8 21.6 38.4
10.8 5.3 10.0 10.0

15.0 - 26.2 13.4

13.6 - 11.4 10.1

n = 26

Mean 11.0 9.2 13«9 14.9 (mm/Sec)
S.D. 2.63 5.08 7.1 10.6
S.E. 0.99 2.27 2.68 4.03

No significant differences were found between the groups

Table 11.4. Relationship between the distance travelled by the

mandible per second and the intermaxillary space groups. Recorded

values in mm/Sec.



the incisal occlusion and mandibular movements or

positioning for /s/ and other consonant production

during continuous speech. These sounds were /s,d,t and&/.
Materials: The number of subjects investigated

was 35. The number of individual sounds examined v/as

/s/:135, /t/:195, /d/:140 and /£/:70.
The dimensions being measured v/ere the incisal

separations, both vertical and horizontal, during the

sound paroduction, and measured from the interocclusal

position.

Results: The results are shown in Table 11 .5.

These show clearly that the Incisal Occlusion Class II-j
cases there is a more pronounced frontal translation of

the mandible in the articulation of these sounds

than in other incisal arrangements. These results

were subjected to a Students ' t' test. The result

was statistically significant, p <^.01 while /s/ was

highly significant, p <£*.005.

Other aspects of mandibular movement in speech

v/ere investigated to assess the effects of incisal

occlusion.

4•ii Experiment 6

Aim: To study the relationship between the

range of mandibular movement, the total mandibular

movement and the total amount of mandibular movement

per second in speech.

Materials: The number of subjects studied, was

27, comprising 17 Class I, 6 Class 11^, 1 Class II^ and
3 Class III. The dimensions compared v/ere the incisal
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/s/
Class n Vert Sep S.D. A./P Mov S.D.

i 22 2.0 1.31 0.9 0.93

IX1 8 2.9 1.78 3.3 1.07

ii2 2 2.5 - 0.8 -

iii 3 3-6 - 0.1 -

All cases 35 2.4 1.36 1.3 1.30

In antero-posterior direction Class 11^ Class I, .01^ p^. .005.
N

Vert Sep S.D A/P Mov S.Dmrwonri v,mtriir* *"" * ■■ ■.iniiiw.rrTiiT'w *a®wo»

2.8 1.26 0.6 .65
2.9 2.12 2.1 1.13

2.6 -0.0

4.4 - 0.4

3.1 1.41 0.9 1.00

In antero-posterior direction Class 11^ Class I, p ^101
N

/*/

Class n Vert Sep S.D A/P Mov S.D

i 22 3.4 1 06S 0.8 0.75

JI1 8 3.9 1.32 2.6 1.72

n2 2 3.7 - 0.6 -

hi 3 5.1 - 0.2 -

All cases 35 3.6 1.65 1.1 1.30

itero-posterior direction Class 11^ ^\ Class i, p '.01

Class n Vert Sep S.D A/P Mov S.D

i 22 4.1 1.45 0.6 0.75

IJ1 8 5.1 2.00 2.0 0.93

ii2 2 4.3 - 0.9 -

iii 3 5.2 - 0.2 -

All cases 35 4.4 1.59 1.2 1.36

In antero-posterior direction Class 11^ Class I,.01 ^p^.005
Table 11.5« Incisal separations for the various incisal occlusion

groups for the sounds /s,t,d andS/.



Experiment 6

Class I Class I Class 11^ Class 11^ Clas

Range of 6.5 20.5 15.5 9.3 11 .2

Movement 10.8 19.6 17.0 - 10.6

(mm) 11.5 8.3 20.5 - 8.7

8.0 11.4 14.0 - -

10.9 5.8 11.1 - -

5.3 12.3 6.6 - -

11.5 13.2 16.2 - -

8.8 7.1 - - -

10.0 — - - - -

Mean 10.6 14.4 9.3 10,1

5.D. 4.23 4.47 -

30.8 r>133.6 99.0 33.7 64.3
Total 74.2 98.0 48.5 - 48.4

Movement 43.0 64.O 225.0 - 40.2

(mm) 47.0 91.5 54.0 - -

69.6 28.0 60.6 - -

34.0 64.O 39.0 - -

84.3 82.1 143.0 - -

61.5 61.0 - - -

79.0 - - - -

Mean Ihl 21:1 11*1 50.9
S.D. 27.0 67.5 - -

9.0 P» 21.6 12.2 6.7 7.3

Movement/Sec 9.8 15.0 5.9 - 15.6

(mm/Sec) 6.8 10.0 33.0 - 11 .8

8.3 13.4 7.8 - -

9.7 5.3 12.2 - -

5.6 11.4 6.3 - -

12.0 13.6 23.0 - -

10.8 10.1 - - -

16,8 —
- - - -

Mean 11.1 14.3 6.2 11.5
S.D. 4.1 10.9 — -

Table 11.6 . Relationship between Incisal Occlusion and the

Range of Movement, Total Movement, and Movement/Sec of the mandible.



occlusion with

(a) the range of mandibular movement,

(b) the total mandibular movement,

(c) the total mandibular movement per second

(speed of mandibular movement).

Results: The results are shown in Table 11 .6.

l\To relationship between the Ircisal Occlusion Classification

and the range of movement, the total mandibular movement

or the speed of mandibular movement could be discerned.

5. CONCLUSION

This aspect of the study investigated, first, the

influence of the Intermaxillary Space Index on mandibular

movements in speech, examining these in various ways.

No such relationship could be demonstrated.

The Incisal Occlusion, on the other hand, was

shown to have a strong influence on mandibular movements

in /s,t,d & / production, large overjets caused greater

frontal translation. This was shown to be statistically

highly significant.

When the range of movement, total movement, and

speed of movement were investigated, no significant

differences between the incisal occlusion groups could

be determined.
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12• phonemic positions

1. Introduction

In contrast to previous studies (BENEDIKTSSON,

1958; VIG, 1969; HARLEY, 1972; L'ESTRANGE, 1973),

where either single sounds or small sound groups,

usually consonant-vowel-consonant (CVC) or vowel-

consonant-vowel (VCV) groups, were examined, various

sounds were combined in this study to construct a

fairly comprehensive speech phrase.

An examination of the component sounds was

undertaken to relate mandibular positions during

articulation to other known parameters and to relate

the interaction of one sound to another.

The number of individual sounds or phonemes in

the speech phrase was 20. Of these 16 were examined

in detail. The others presented difficulties in

precise measurement because of slides and slurring.

In the case of /h/ the sound could be produced in any

jaw position, while /r/ was hardly sounded.

To avoid regional variations in dialect within

the group under study and consequent problems of analysis

the group was kept as nearly homogeneous as possible.

The group comprised subjects with Edinburgh (educated)

or near B.B.C. English accents, no subjects with broad

regional accents were included.

The number of subjects studied v/as 35, these were

divided into the following incisal occlusal groups.
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Class I 22

Class II 1 8
Class II2 2
Class III 3

The numbers of Classes I^a^d III was accounted
for by the normally low incidence of these groups.

They represent the total available from three student

years, i.e. from a total population of approximately

150.

2. Vowels

Standard phonetic textbooks discuss the tongue

positions for defined peripheral fixed vowels which are

used as reference points for precise sounds. These

are known as Cardinal Vowels and can be constituted

into a descriptive system, e.g. Daniel Jone's system

of eight Cardinal Vowels (Fig 12.1). This diagram,

somewhat conventionalised denotes a system of peripheral

vowels, auditorily equidistant, and used to describe

articulatory postures.

OHALA et al (1968), MOLL (1970), and KENT & MOLL

(1972) believed that jaw opening varied with tongue

height in speech, although no reference was made about

antero-posterior movements of the mandible.

It was decided to evaluate these findings with the

transduction equipment produced in this study and, in

addition, to examine the positions of the mandible both

vertically and antero-posteriorly for vowel and consonant

positions.

The following procedure was adopted.
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Fig 12.1 . The Cardinal Vowel diagram.



Prom the recorded speech phrase, values were

obtained for the vertical opening and horizontal

movement of the mandible for the various sounds under

study. In cases where the sound was repeated within

the phrase both the individual values and the mean

values were recorded. The subject's incisal occlusion

was also noted. Mean values for the whole group under

study and the mean values for the incisal occlusion

classes were calculated along with the standard

deviations and standard error of the means.

2.1 The Cardinal Vowel Diagram

The calculated values were related to the

Cardinal Vowel diagram (Pig 12.2). It v/as found that

the vertical mandibular positions corresponded closely

with the lingual positions of the diagram.

In the vertical dimension, the differences between

/u and a/, /i and a/, and /i anda/, i.e. between the

close and the open positions, and /o andq/ were

significant, P<0 .01 (Table12.1 ).
Prom the mean values, no relationship could be

discerned between mandibular antero-posterior positions

and the Cardinal Vowel diagram of tongue position,

(Pig 12.3).

V/hen the incisal occlusal classification was

considered, there appeared to be, with all vov/els,

a general anterior placement of the mandible in the

Class II-] cases compared with the remaining groups.

Statistically significant differences however, were
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4.5

5.2 £

6.1 a

u 3.4

© 5.8

0 4.5

Q 6.5

Pig 12.2 Relation of Cardinal Vowels to vertical separation of

the incisors. A close correlation is observed. Values in mm.



O 0.8

3 1.0

Q 0.91.1 &

Pig 12.3 Relation of Cardinal Vowel Diagram to the horizontal

translation of the component sounds. No correlation is observed.

Values in Dim.



Sound Vert Sep

(in mm)
S.D A/P Mov

(in mm)
S,D

u 3.4 1.16 0.8 1.12

o 3.8 1.95 0.8 1.24

i 4.3 2.12 0.7 1.00

0 4.3 2.24 1.0 1.30

e 5.1 1.83 0.9 1.18

6 5.2 2.66 1.3 1.44

a 6.1 2.54 1.1 1.18

a 6.5

n = 35

2.66 0.9 3.90

found in the vertical plane:

u & a .01>p> .005

o & Q .01 > p> .005

i & a .01 > P> .005

O & Q .01 > p> .005

D & a .01 > P> .005
e & Q ,02)>p^.01 (probable)

£ & Q .05) p y.02 (probable)

Table 12.1 . Cardinal vowels showing mean vertical and horizontal

mandibular articulatory positions. Statistically significant

differences were found between positions in the vertical plane.



found only with /i and £/.

Other Vowels

When the other vowels appearing in the test phrase

were examined in the vertical plane, it was noted that

jaw opening for /i/ was less than for /i/. This

finding was not significant.

In the antero-posterior plane there was a

statistically significant difference between Class IIj
and Class I cases for the sound /i/.

2. 2 The Component Vowels

/i/ is a close, forward tongue-position vowel. The

positional values are shown in Table 12.2.

Class n Vert Sep S. D A/P MOV S. D

I 22 4.1 1.78 0.4 0.60

ni 8 4.9 3.33 1.8 cu•V-

II2 2 4.3 - 0.4 -

III 3 4.9 - 0.0 -

All cases 35 4.3 2.12 0.7 1 .00

Table 12.2 Incisal positions for /i/.

The anterior translation in Class 11^ cases is
significantly greater than in Class I, .01 >P> .005.

/e/ is a mid, forward tongue-position vowel. The

positional values are shown in Table 12.5
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Class n Vert Sep sx> A/P Mov S. D

i 22 5.2 1.68 0.8 1.07

ii 8 4.7 2.17 1.8 1.49

n2 2 4.2 - 0.9 -

hi 3 6.6 - 0.0 -

All cases 35 5.1 1 .83 0.9 1.18

Table 12.3 Incisal positions for /e/.

No significant difference existed between the

groups either in the vertical or horizontal planes.

/£/ is a mid, forward tongue-position vowel. The

positional values are shown in Table 12.4.

Class n Vert Sep S. D A/P Mov S. D

1 22 4.8 1.82 1.0 1.07

iii 8 6.5 4.94 2.8 1.66

ii2 2 3.6 - 0.0 -

iii 3 5.5 - 0.2 -

All cases 35 5.2 2.66 1.3 1.44

Table 12.4 Incisal position for /£/.

The anterior translation in Class 11^ cases is
significantly greater than in Class I, .01 >p> .005.

/a/ is a wide, forward tongue-position vowel. The

position values are shown in Table 12.5.
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Class n Vert Sep S.D A/P Mov S.P

I 22 5.6 2.43 0.8 0.84

«i 8 7.3 3.19 2.1 1.61

u2 2 6.2 - 0.8 -

HI 3 6.7 - 0.2 -

All cases 35 6.1 2.54 1 .1 1.18

Table 12.5 Incisal position for /a/.

No significant difference existed between the

groups either in the vertical or horizontal planes.

/Q/ is the widest vowel and is classified as a

back open vowel. The positional values are shown in

Table 12.6.

Cla ss n Vert Sep S. D A/P Mov S. D

I 22 6.2 2.20 0.6 0.84

IX1 8 7.9 4.08 1.8 1.86

II2 2 5.4 - 0.7 -

III 3 7.0 - 0.2 -

All Cases 35 6.5 2.66 0.9 3.90

Table 12.6 Incisa.1 positions for /<3/.

No significant differences were found between the

groups either in the vertical or horizontal planes.

/D/ is a mid back vowel with the positional values

shown in Table 12.7.
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Vert Sep S ■>!) A/P Mov S. D

4.1 2.29 0.9 0.79

4.8 2.57 2.2 1.92

4.4 - 0.7

5.1 - 0.2

All cases 35 4-3 2.24 1.0 1.30

Table 12.7 Incisal positions for /O/.

Class n

I 22

JI1 8

II2 2

III 3

No significant differences v/ere found betv/een

the groups when considered either in a vertical or

horizontal plane.

/0/ is a mid back vowel with the following

positional values.

Class n Vert Sep S.D A/P Mov S.D

I 22 3.5 1.87 0.5 0.84

IJ1 8 4.3 2.23 1.9 1.83

n2 2 4.3 - 0.3 -

HI 3 4.9 - 0.2 -

All cases 35 3.8 1.95 0.8 1.24

Table 12.8 Incisal positions for /o/.

No significant differences v/ere found between

the groups.

/u/ is a close back vowel. The positional values

are shown in Table 12.9.
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Class n Vert Sep S. J> A/P Mov S D

I 22 3.0 1.26 0.4 0.79

"1 8 4.1 2.60 2.0 1.49

n2 2 4.3 - 0.5 -

HI 3 4.9 - 0.1 -

All cases 35 3.4 1.16 0.8 1.12

Table 12.9 Incisal positions for /u/.

No significant differences existed between the

groups, either in the vertical or horizontal planes.

Between Class I and Class 11^ in the horizontal plane
significance was almost reached, .05y p y .02.

/II is a close vowel close to /i/ but within the

Cardinal Vowel diagram. Table 12.10 shows its

positional values.

Class n Vert Sep S.D A/P Mov S.D

I 22 3.4 1,. 68 0.6 0.84

II1 8 4.5 2.65 2.1 1.01

n2 2 4.3 - 0.6 „

HI 3 4.7 - 0.1 -

All cases 35 3.8 1.95 0.9 1.06

Table 12.10 Incisal positions for /I/.

The anterior translation in Class 11^ cases is
significantly greater than in Class I,.01^ py.005.
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/§/ is an intermediate vowel, the vowel requiring

the least tongue positioning. Table 12.12 shows its

positional values.

Class n Vert Sep S.D A/P MOV S.D

I 21 5.2 1.92 0.4 0.65

Hi 8 6.4 3.05 1.6 1-47

112 2 5.9 - 0.0 -

III 3 5.4 - 0.2 -

All cases 34 5.5 2. 18 0.7 1.06

Table 12 *iSIncisal positions for /3/.

No significant differences existed between the

groups either in a vertical or horizontal plane.

3. Consonants

Of the consonants in the speech phrase, some

were more easily identified and measured than others.

/s,d,t,f,§/ come into this category.

In the vertical plane /s/ was found to require the

closest jaw position, this was followed by /t,d,f,$/»
in that order. No significant differences were found

between the amount of jaw separation and the various

incisal groups.

The vertical separation values for /s,d,t,S/ were

the means of several repeated sounds, since these

sounds appeared in the phrase several times.

Intra-phrase differences of vertical jaw separation

were noted. It is possible that this was caused by
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the influence of the preceding and following sounds

whose positional requirements caused an alteration of

mandibular opening for these consonants.

The antero-posterior positions required for the

articulation of these consonants was also examined.

A general forward translation of the mandible in the

Class 11^ compared with the Class I cases was observed.
This relationship between the antero-posterior position

and the degree of overjet for the /s/ sound has

already "been noted.

lor /d,t,§/ there were significant differences in

the anterior translation of the mandible between the

Class 11^ and the Class I cases.

Sound diff stat sig

s 2.4 p<j005 highly significant
t 1.5 .01) p> .005 significant
a 1.8 ,oi>P> .005 significant

8 1.4 *01>p> .005 significant
f 0.8 ,2>p>.1 Not significant

3.1 The Component Consonants

/s/

The mean incisal separation for this sound was

2.4mm with a forward translation of 1.3mm.

The statistically highly significant difference

between Class 11^ and Class I in forward translation
has already been noted, p<y005.
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Class n Vert Sep S.D A/P Mov S.D

I 22 2.0 1. 31 0.9 0. 93

"1 8 2.9 1.78 3.3 1.07

H2 2 2.3 - 0.8 -

in 3 4.2 - 0.1 -

All cases 35 2.4 1. 36 1.3 1. 30

Table 12.13 Incisal separations for the various occlusal

classes for /s/ articulation»

Although the /s/ sound probably requires the

greatest degree of precision in the English sound

complement, the vertical jaw separation was observed

to vary during the four occasions in which it occurred

in the speech phrase. The measurements used previously

in this study are the means of these separate values.

It was conjectured that the /s/ sound variations

noted above might be positional modifications caused

by the preceding and following sounds as had been

suggested by COOPER et a.1 (1952) and OHALA et al (1968).
These relationships are shown below. (The terms close,

mid and wide being arbitrary indications of the tongue

and mandibular positions for the preceding and

following sounds)

S1 : i/s/a close V/s/ v/ide V

s2 : d/s/£ close C/s/ mid V

s3 * 1/s/o mid V/s/ wide V

s4 : e/s/fl rnid V/s/C
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The mean values for these /s/ sounds (n = 21)

are as follows:-

Vert Sep S.D

S1 : 2.3 0.24

s2 : 2.0 0.22

s3 : 2.0 0.24

s4 : 2.2 0.25

A statistical analysis was carried out on this

apparent variability of jaw separation for /s/ sound

articulation in different positions in the speech

phrase.

The differences were not statistically significant

and no correlation was found between the /s/ sound

within the test phrase and the preceeding and following

sounds.

The relationship between the incisal vertical

separation for /s/ and the overbite was examined. A

significant correlation v/as observed but wide variations

existed.

Overbite 0 1_ 2 3 i 5 6 7

n 3 3 7 9 10 1 - 2

X 2.6 1.1 1.6 2.4 3.0 3.1 — 2.5

Table 13.14 The relationship of overbite to the
r

amount, of vertical separation for pronounciation of

/s/ in continuous speech.
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Table 13,14 shows the general trend. Only when the

subjects were grouped on the basis of small (l-2mm),

medium (3mm) and large (4-5mm) overbites, was it

possible to show that overbite was directly related

to incisal separation, .0 i>p> .005. The coefficient of
correlation was 0.51 which showed a significant corre¬

lation existed between overbite and incisal separation.

In the antero-posterior plane, only when the

subjects were grouped on the basis of overjets of

0 to less than 5mm, (Class I) and 5 or more mm, (Class 11^)
could a statistical relationship between overjet and

forward translation be shown. This was highly

significant p<j.005.

/V

The mean incisal separation for this sound was

3.0mm with a forward translation of 0.9mm. As has

already been noted anterior translation in Class II,

cases was significantly greater than in Class I,

.01>P>.005.

Class n Yert Sep S.D. A/P Mov S.D

I 22 2.8 1.26 0.6 0.65

II1 8 2.9 2.12 2.1 1.13

II2 2 2.6 0.4 -

III 3 4.5 0.1 -

All cases35 3.0 1.36 0.9 1.00

Table 13.15 Incisal separations (vertical and '

zontal) for the various occlusal classes for /t/ articulation.
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The /t/ sound appeared six times in the speech

phrase in the following manner:-

t1 0/t/fi mid V/t/C

t2 i/t/i close V/t/ close V

*3 a/t/a wide V/t/ wide V

*4 0/t/o mid V/t/ mid V

V u/t/le close V/t/ mid V

t6 1/t close V/t/ (end word)
The mean vertical separation values for these

/t/ sounds (n = 23 ) were as follows:-

*1 3.0 0.35

*2 3.1 0.32

t3 3.3 0.33

t4 2.7 0.33

*5 2.7 0.30

t6 3.0 0.36

The differences v/ere not statistically significant

and no correlation could he found between the /t/ sound

and the mandibular positional requirements for the

surrounding vowels.

The relationship between the incisal vertical

separation for /t/ and the degx^ee of overbite was

examined, (Table 13-16--). This showed a moderate

correlation (correlation coefficient 0.46).
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Overbite 01234567

n 3 3 7 9 10 1 - 2

X 4.4 1.2 3.0 3.4 3-4 3-5 - 2.6

Table 13.l6The relationship between the overbite and

the amount of vertical separation for /t/ pronounciation.

/d/

The mean incisal separation for this sound was

3.6mm with an anterior translation of 1.1mm. The anterior

translation was found to be significantly greater in

Class 11^ cases than in Class I, .Ol^>p^.005.

Class n Vert Sep S.I) A/P Mov S.I)

I 22 3.4 1.68 0.8 0.75

ni 8 3.9 1.32 2.6 1.72

II2 2 3.7 - 0.6

III 3 5.2 _ 0.2

All cases 35 3.6 1. 65 1.1 1.30

Table13.l7 Incisal separations for the various occlusg

classes for /d/ articulation.

The sound /d/ appears four times in the speech

phrase in the following manner:

d^ a/d/h wide V/d/ mid V
an/d/s wide VC/d/ close C

d^ %/d/ha mid V/d/ wide V
d^ u/d/l close V/d/ mid C

- 137 -



The means of these / d/ sounds (n = 30) were:

S. D

a1 4.1 0.36

d2 3.1 0.42

d5 3.7 0.38

d4 3.2 0.46

Although there appeared to "be some congelation

between the incisal separation for /d/ and the surrounding

sounds, no significant differences could be discerned

statistically. No correlation between the /d/ sound

and the mandibular postural requirements for the

surrounding vowels could be shown.

There was a moderate correlation between overbite

and the degree of vertical separation required for

/d/ articulation (correlation coefficient 0.42).

Overbite 01234567

n 3379 10 1-2

X 3.3 1.5 3.3 4.1 3.9 4.8 - 3-4

Table 18. Relationship of overbite to incisal separation

for /d/.

/«/

The mean positional requirement for the articulation

of /*/ was an incisal separation of 4.4mm with a forward

translation of 1.2mm. It was found that the forward

translation in Class 11^ cases was significantly greater
than in ClassI, .0l^p^.005.
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Cla ss n Vert Sep S.l> A/P Mov

I 22 4.1 1.45 0.6 0.75

ixi 8 5.1 2.00 2.0 0.93

n2 2 4.3 - 0.8 -

HI 3 5.2 - 0.2 -

All cases 35 4.4 1. 59 1.2 1. 36

Table 19. Incisal separations for the various occlusal

classes for /8/ articulation.

/!/
The mean incisal separation for the articulation

of /£/ was 3.4mm with a forward translation of 0.5mm.

No significant differences existed between the groups

in the vertical plane. In the horizontal plane the

difference between Classes I and II, was not statistically

significant, .2>p>.1.

Class n Vert Sep jD_ A/P Mov S J)

I 20 3.'1 1 .50 0.3 0.56

IJ1 8 4.1 1 .58 1.1 1 .04

II2 1 3.8 - 2.1 -

III 3 3.7 - 0.0 -

All cases 32 3.4 1 .53 0.5 0.76

Table 2Q. Incisal separations for the various occlusal

classes for articulation of the sound /£/.

It was of interest to note that there appeared

little correlation between the incisal positions for

- 139 -



/f/ and /v/ although these are the unvoiced and voiced

versions of the same articulatory setting. On the

other hand, as is noted later, the number of /v/

sounds measured was small (n - 6) because of the

technical difficulties of sound recognition, and any

observations on this point would not be statistically

supported.

A/

This sound appears once in the test phrase. On

occasions its exact position was difficult to locate

precisely. When this occurred no measurement was

attempted as the mandible was moving rapidly from

the wide vowel /Q/ to the close vowel /u/.

The following positions for this sound were

found and includes all incisal occlusal groups.

H Vert Sep S. I) A./P Mov S. I)

25 4.1 2.15 1.0 1.4

/!/

Although this sound appeared twice in the test

phrase its position v/as difficult to locate with

accuracy. The following are the mean positions.

n Vert Sep A/P Mov

23 3.8 0.8
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/n/

This sound appeared twice in the test phrase and

similar problems arose about measurement. The following

are the mean values of incisal position for its

articulation.

n Vert Sep A/P Mov

13 3.2 0.6

/v/ and /b/

These sounds appear in combination once only.

In speech however, they tended to be slurred making

measurement imprecise. Although the mean vertical

separation for these sounds is less than for /s/,

the result cannot be supported statistically.

n Vert Sep A./P Mov

6 1.7 0.4

/h/

Since /h/ can be articulated at any degree of

jaw opening, no attempt was made to measure incisal

separation. In any case the degree of opening was

dependent upon the surrounding sounds so any

measured values would have been meaningless.

4. Conclusion

The postural requirements for 1S speech sounds have

been defined both vertically and horizontally. The

mean range of movement was surprisingly small (/s/2.4mm
- /Q/ 6.5mm) = 4.1mm although the intersubject variation

in range was large,from 3mm minimum to 11.4mm maximum.
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The mandibular vertical opening for the vowels

varied with the tongue height as defined by the Cardinal

Vowel position diagram, and statistically significant

differences were found between several of the vowels.

in the horizontal plane, there was a general anterior

placement of the mandible in Class 11^ cases compared
with the other groups. This was statistically signi¬

ficant. only for /i,I and £/1

The consonants /s,t,d and <£/ showed statistically

significant anterior mandibular placement in Class 11^
cases compared with Class I. Only /s,t & d/ showed a

statistically demonstrable relation between incisal

separation and overbite. No relationship could be

demonstrated between the positional requirements of

the surrounding sounds and the variability of

consonantal position.
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DENTAL PROSTHESES AND MANDIBULAR COMPENSATORY
MOVEMENTS

13.1 INTRODUCTION

MARTONE (1957) noted that there was a significant

relationship between palatal thickness and speech

(principally consonant) impairment. On the other

hand, YIPP'O' (1955) and CLEMENCON (1972) believed that

the tongue compensated for many prosthodontic errors,

including those of thickness.

It was felt that a study of the compensations in

mandibular movements during speech, following the

insertion of artificial palates of varying designs,

might produce results significant to the design of

dentures.

As far as could be ascertained no previous work

has been reported on this aspect of speech physiology.

13.2 SPEECH PHRASES

A more restricted speech phrase than that used

in the earlier part of the study was used to examine

the possible relationships between oral form - modified

by the insertion of dental prostheses and compensatory

mandibular movements (Chapter 4.3).

The chosen phrase was:

'□ slkstl slks'

13.3 PRELIMINARY STUDY

Following a preliminary examination, it appeared

that subjects with narrow arches had greater difficulty

in accommodating to artificial palates and articulating

the speech phrase, than those with broader palates.
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It appeared that arch breadth was a significant factor

in the ease with which the subject could accommodate

to an artificial palate.

13.4 MATERIALS

Sixteen subjects were examined in depth in this

part of the study.

The arch breadths of 91 randomly selected dentulous

maxillary casts were measured to determine the mean

and standard deviation and enable grouping of the subjects

under study.

The most prominent points on the convex lingual

crov/n surfaces at the gingival margins of the first

molars were chosen as landmarks since the breadth of

the dental arch thus obtained would more closely

approximate to the breadth of the bony arch. Furthermore,

the findings obtained with this method of measurement

are influenced to a lesser degree by tipping of the

teeth along their long axes, than are arch breadths

obtained between the tips of the cusps, because the

effect of the tipping increases with the distance

from the fulcrum (MOORREES, 1959).

The mean arch breadth of the 91 casts examined

was 33.0mm, standard deviation was 3.04mm.

The casts were then classified as follows:

Extra-narrow 27mm

Narrow 1 - 2 SD below the mean 27 - 30mm

Medium 1 SD arround the mean 30.1 - 36mm

Wide 1 - 2 SD above the mean 36.1 - 39mm
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The subjects studied fell into the following groups:

E-N Narrow Medium Wide

13 9 3

The subjects incisal occlusions were as follows:

I II1 II2 III
9 4 12

13.5 TIMING AND DISPLAY AND MEASUREMENT

Standardisation of the speech phrase both as

regards time and mandibular positional requirements

was attempted by having the subjects repeat the phrase

in time to a flashing discharge tube whose rate of

flash could be regulated by altering a variable

condenser. A rate of flash of 48 per minute was found

suitable with this instrument which was also arranged

to pulse the tape recorder and the Mingograf paper

recorder.

It was intended that the tape be played back through

a storage oscilloscope which, in combination with a

signal averager, would simplify data retrieval and

interpretation.

Triggering the storage facilities of the oscillo¬

scope requires either a pulsed signal or a rapid

voltage change on the output being measured. In the

latter case, the voltage should drop below a set level

at specific times and rise rapidly to trigger the

oscilloscope. In this way it was hoped to be able to

overlay one trace on another to give a visual display

of the normal variability of mandibular movement.
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In practice, it was found that repetition of the

phrase in time with the flashing discharge tube was

insufficiently accurate to successfully trigger the

oscilloscope and give a precise plot of mandibular

movements during the phrase. Errors of 150m sees and

more were found. A typical trace resulting from six

repetitions of the phrase is shown in Eig 13«1

The results from voice trace signalling were

equally unsatisfactory.

Triggering the storage oscilloscope by utilising

the voltage change as the mandible altered position

from /a/ to /s/ was considered. The results from

three randomly selected cases is shown in Fig 15.2

The voltage level of each trace is very different from

that of the others.

It can be clearly seen that the voltage levels

at which to pulse the oscilloscope would have to be

carefully selected and adjusted for each set of

speech phrases, not only for each subject but also for

each segment.

In addition during the speech phrase, vowel and

consonant positions vary considerably. These are

measured by timed voltage sampling after the initial

triggering. Intra~subject variations of the order

of 100m Sees occurred between the last consonants

of the shortened speech phrase (Fig 15.3)

It was, therefore, concluded that electronic

measurement of the traces with this method was not
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T
0 : Interocclusal position

T : Timing signal

Fig 13.1 (upper) Discrepancies of synchronisation of output trace
to timing pulse.

Fig 13*2 (middle);Different voltage levels obtained from 3 subjects.
Dote: 200 m Sec discrepancy of last /s/.

Fig 13.3 (lower) The same subject with and without appliance. Large

discrepancies in synchronisation with the timing pulse.



practicable and simple measurement of the Mingograf

traces should be employed.

13.6 REPRODUCIBILITY OP MANDIBULAR POSITION DURING THE
STEECH" PHRASE

In contrast with the longer phrase used in the

earlier part of the study, there was a considerable

reduction of variability of mandibular position during

repetition of the short speech phrase in time to a

signalling device. This was particularly evident with

the close sounds /s/ and /ks/, rather more variability

of position was found with the vowels /I./ and /a/.
The standard errors were:

(a) During the same recording session

/ s/ 0.1Omm

/I/ 0.16mm

/a/ 0.58ram

(b) During different recording sessions

/s/ 0.38mm

/I/ 0.62mm

/a/ 2.25mm

Variability of mandibular position was reduced

by the choice of this short phrase. This was of importance

to the interpretation of results since, if positional

changes were found, external factors rather than

internal variability would be more likely as causes.

13-7 METHODS A HP RESULTS

Recordings were made of the mandibular movements

during repetition of the speech phrase in time with the

flashing discharge tube.
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Speech was clear, precise and regular. This was

the standard from which subsequent measurements could

be made. A typical trace is shown in Fig 15.4.

The closest speaking space (SILVERMAN, 1955)

showed considerable individual variation from 0 to

5.6mm. It appeared that Class III incisal occlusion

subjects required a wider incisal separation than

Class I or Class II. However, because of the restricted

number of subjects in Class III(and Class II2) it was
not possible to test the significance of these apparent

incisal separation differences for /s/ statistically.

In full denture construction, when no pre-

extraction records exist, phonetic tests are often used

as an aid to establishing the vertical dimension. A

separation of approximately 2mm is normally allowed

between the record blocks with tolerances from 1mm

to 3mm. It is clear that many subjects have v/ider

incisal separations than these tolerances allow.

An artificial palate, 1mm thick and covering

the vault of the natural palate, fitting into the

embrasures of the natural teeth, and extending as

far back as the anterior vibrating line, was inserted

into the subject's mouth and the speech phrases repeated

(Fig 13.5). Speech accommodation was very rapid and,

although it appeared initially that subjects with narrow

arches had more difficulty in accommodating, when the

whole group was examined no definitive patterns of

change could be observed.
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The study was extended by thickening the

artificial palates such as to cause definite initial

speech interference and noting the resulting

compensations to mandibular movement when the speech

had compensated. The palatal thickening was achieved

by adding wax to the lingual contact areas of the

artificial palate in two stages.

In the first stage wax 3mm thick was added lingually

to the incisor area (3-3) (Pig 13.6).Initially there

was a tendency for the mandible to 'hunt' during some

sounds (Pig 13.7)before settling down to a steady

pattern.

After further speech tests and repetitions, when

the investigator judged the speech to be fully

compensated, and the test phrase could be repeatedwith

auditory accuracy, the movements were again recorded.

The time to achieve this compensated speech in 'the

sample studied never exceeded 10 minutes and was

more usually 2-3 minutes.

The second stage was to increase the bulk of the

appliance additionally in the area lingual to the pre¬

molars and molars by 3^m. Thus the whole appliance

was now built up lingually to the standing teeth (7-7)

by a thickness of 3mm. This made a very bulky appliance

(Pig 13.8).Mandibular movements were again recorded

after full spbech adaptation to the increased bulk.

Immediately after the appliances were fitted the

records showed a degree of randomness of position,
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some subjects 'hunted' while others showed no change.

The results at each of the four stages, i.e.

without an appliance, adapted to the full palate alone,

adapted to the palate built up anteriorly and adapted

to the palate built up from molar to molar, were

examined for general patterns of adaptation, considering

the sounds /a ,s and 1/. When the mean incisal

separations of the cases were considered on the four

separate stages a tendency to an increased jaw

separation could be discerned. (Pig 13«9 Table 13.1).

Neither incisal occlusion nor palatal arch width

appeared to influence the general pattern of adaptation

to the various appliances (Pigs 13.10, 13.11).

On insertion of the appliances, statistically

significant changes in incisal separation were noted

with stages 3 and 4» i.e. palates built up in the 3~3>

and in the 7-7 areas respectively.

/s/ showed the least change. In the total sample

there was a statistically probably significant

increase of 0.5mm in stage 4, .05)p).02. Class 11^
showed statistically significant increases for both

stages 3 (0.9mm) and 4 (1.3mm) .01^p)>.005.
There were statistically significant increases

in jaw separation for /if for both the total sample

and Class I in stages 3 and 4, .01^p).005.
No statistically significant changes were noted

with /a/.

Statistically significant increases in incisal

- 150 -



Stage 2 Stage g Stage 4

Fig 0«9 J.lieisal separations for /seI and oj/ respectively as

appliance bulk is increased. Measurements in mm. /s/: Reds

/l/s Green and /cs/: Blue.



Stage_J_ £tgge__2 Stage 3 5tage__4

/S/ Total __

sample X

n = 16 S.D

Class I X

n = 9 S.D

Class II X

n « 4 S.D

/I/ Total
sample X

n a 16 S.D

Class I X

n = 9 S.D

Class II X

n = 4 S.D

1.8 1.8

.40 .48

1.0 0.8

.27 .30

1.8 1.8

.22 .28

2.4 2.7

.56 .76
1.6 1.9

.42 .51

2.5 2.6

.26 .36

2.2 2.3

.64 .64
1.3 1.3

.45 .45

2.7 3.1

.32 .30

3.2 3.3

.80 .84

2.5 2.3

.60 .57

2.9 3.9

.38 .50

/Q/ Total
sample X 7.1 8.1 7.9 8.9

n = 16 S.D 2.36 2.64 2.76 2.48

Class I X 6.5 8.1 8.6 9.2

n = 9 S.D 1.77 1.95 2.28 2.07

Class 11^ X 6.8 7.1 6.3 7.8

n = 4 S.D 1.38 1.54 1.48 1.28

/S/ Total samples probably significant increase Stage 4, ,05^p^.02
Class II^s significant increase Stages 3 & 4» .01 ^p ^.005

/l/ Total sample: significant increases Stages 3 & 4t .01 > P> .005
Class I: significant increases Stages 3 & 4» .01p^.005

/a/ No significant changes.

Table 13.1 . Mean incisal separations in mm for Total sample„ Class I
and Class 11^ for /S,I andC*/ articulations as appliances of
increasing bulk are fitted.
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Stages of increasing "bulk

Fig 13«10 0 Incisal occlusion and inter-occlusal separation (in mm)

when appliances are fitted in stages of increasing bulk. Lines

connecting positions at each stage show directions of position

change, a time relationship factor must not be inferred.

(Black; Class If Green: Class 11^, Red: Class 11^, Blue: Class III)
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Stages of increasing bulk

Fig 13.11 . Palatal width and inter-occlusal separation (in mm)

compared as appliances are fitted in stages of increasing bulk. Lines

connecting positions at each stage show directions of position change,

a time relationship factor must not be inferred. (Greens Vide,

Black: Medium, Ked: Narrow, Blue: Extra narrow).



separation were not found between stages 1 and 2. This

suggests that an artificial palate 1mm thick and

covering the whole of the hard palate area would cause

no significant change in jaw position for any of these

sounds. The importance of this finding relative to

denture construction can be appreciated.

When dentures are constructed, employing phonetic

methods for vertical dimension determination, large

variations of interocclusal separation can be intro¬

duced. These variations of incisal separation are

commonly between 1 and 3mm.

Although statistically significant differences

in incisal separation were noted, specially with the

fully built up palates (Stages 3 and 4), these

differences were small in relation to the incisal

separation variations of the phonetic method of

vertical dimension determination in full denture

construction (Pigs 13.12, 13.13). In that context

it is seen that the only small changes occur

to mandibular position on insertion of dental appliances,

even of large size are of little clinical significance.

CONCLUSION

Small changes occurred in most instances to

the inter-occlusal mandibular positions in speech

when progressively larger appliances were inserted

into the mouth.
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Stages of increasing bulk

Fig 13.12 . lncisal occasion and. inter-occlusal separation (in mm )
for /S/ articulation as appliance .bulk is increased. Normal tolerances
of the Closest Speaking Space are shown- upper limit: UL, lower limit: LL
Red: class I, Green: Class II, Blue: Class III, Brown: Total sample.
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Stages of increasing bulk

Fig 15*15 Incisal occlusion and inter»occlusal separation (in mm)
for /I/ articulation as appliance "bulk is increased. Normal tolerances

of the Closest Speaking Space - upper limit: U.L., lower limit: L.L.
Redi Class I, Green: Class II, Blue: Class III, Brown: Total sample.



Neither incisal occlusion nor palatal arch width

appeared to "be related to those perceived changes.

These increases in incisal separation were

statistically significant, but in relation to the accepted

variations in the phonetic method of vertical dimension

determination, such changes were clinically insignificant.

It is suggested that the tongue plays a major role

in such compensations and, further, the amount of tongue

encroachment caused by insertion of dentures will have

minimal effect upon mandibular movements. At the

registration stage of denture construction, the bulk

of the conventional record block can be disregarded

as a factor which could alter vertical separation

during test speech phrases.

Individual variation of incisal separation was a

much more important factor during registration recording.
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14. DISCUSSION

Form related to function conforms to the philo¬

sophical concept of a universal plan. It is a concept

which has attracted physiologists over generations and

a wide literature supports such views. Speech,

despite its complexities, has been included in this

field of investigation.

It has been suggested that sounds may be pronounced

with greater or less ease depending upon oral morphology,

and studies have shown that oral anatomical variations

exist between racial groups. DARLINGTON (I94lf 1941)*

BROSNAHAN (1961) and VIG (1968, 1972), amongst others,

believe that this could be a factor in many of the

language changes which occur over a period of time.

Such a theory may be easier to support than disprove

since studies of changes at the individual level may

not be analogous to those at population level.

Except in cases of neurological incoorindation, deafness,

major loss of teeth, etc, compensations can be made

at the individual level to those oral changes which

differentiate populations such as were described by

KAISER (1935). On the other hand, ZIPF's (1965)

theory of least effort is more tenable at the mass

level than that of the individual. Certainly the

literature is equivocal on any close relationship

between dental malocclusion and speech defects.

Possibly the differences in sound production

between native speakers of different languages can be
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more the result of different 'articulatory settings'

than to different oral anatomy. HONIKMAN (1964) noted

the visible differences in lip positions and jaw

movements between English native speakers and

foreigners learning English who continue to use their

native 'articulating settings'. This phenomenon

of different articulatory settings for different

languages had been noted by KESSLER (1957)* and others,

and should be considered when comparing the results of

studies of mandibular movement in one language and

extrapolating the results to another.

VIG (1968), while studying, in addition, the

movements of the hyoid, tongue and lips, showed a close

relationship between the range of mandibular movements

in speech and the inter-maxillary space, this latter

being an expression of the intra-oral dimensions.

His study was concerned with continuous speech

as opposed to static positions used in most previous

studies and which can be considered, at best, artificial.

However, his continuous speech phrases were limited

to /Isl/ and /oso/. Further the method of analysis,

in an attempt to overcome the complexity of analysing

cine film,left some room for criticism. It was to dot

the position of the structure under study as each

frame was exposed on the analyser. This resulted in

a mass of dots covering the movement area. Hence the

name 'cinedots'. The total area of the dots was

claimed to be related to the inter-maxillary space.
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It is obvious that gross errors would occur if the

subject made a non-functional or excessive movement

The problems arising from non-functional movements

have been previously discussed. The employment of

such a dubious method underlines the problem of

cine film analysis.

L'ESTRANGE (1974) nevertheless used the same

methods of cine radiography and film analysis con¬

cluding that the inter-maxillary space was related

rather to the combined movements of the mandible,

tongue and hyoid thus questioning VIG's results to

some extent.

Although studies of these internal structures can

only be carried out using cine-radiography, the

problems of film analysis are not easily overcome.

Experience convinced this author that the slowness

and degree of inaccuracy of the method rendered

cine photography unacceptable as a technique

if other methods were able to deal with the same data

faster and more accurately.

Electronic telemetry offered the greatest

potential despite the inherent faults of several of the

systems. Photo-electric (GILLINGS, 1964), strain

gauge ABBS & GILBERT, 1973), potentiometer

(GRANT & WAIN, 1974; HARTNUP, 1974) and synchro-

transmitter systems were all minutely examined.

In practice, design problems were found with

the photo-electric system, the strain gauge method
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suffered severe signal drift, while the potentiometers

were neither sufficiently accurate nor free running.

The extreme accuracy of the synchros for positional

information transduction rendered them suitable for

jaw movement studies.

Commercially, the synchros operate at a frequency

of 400 Hz at 26 V (11GX 4a), however, no resonance

or other problems were encountered when pulsing them

at 10 KHz at 9 V, which was designed to be outwith

the frequency response of the Mingograf paper recorder

(1 KHz) and a fine trace was obtained. They were

shown to be extremely linear and accurate over limited

segments of the rotor rotation. Ho loading of the

mandible occurred, thus mandibular movements were

unrestricted.

Preliminary studies using cine photographjr had

shown that the lateral movements in speech were

negligible (less than 0.5mm) and appeared to be non¬

functional. Vertical and horizontal movements appeared

more important, it was these which were investigated.

The degree of head restraint is an important

consideration in speech studies (CLEALL, 1965; BEATON

& CLEALL, 1967) and any rigid head fixation must be

considered an artificial situation. In this study,

it was limited to a sample head rest. To monitor

any head movement which did occur a further synchro

was attached to the bridge of the nose rather than to

the upper teeth, since it v/as felt this latter could
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have interfered with speech. Nevertheless three

subjects had to be rejected from part of the study

because of excessive head movement, which in some cases

was more than 20mm.

The temporo-mandibular joint imposes constraints

on the movement of the mandible in such a way that it

is reasonable to assume that mandibular movements can

be inferred from the description of incisal movements

(GILLINGS, 1964). Thus the descriptions given in this

study of incisal positions and movements represent

a fairly accurate account of jaw movements .in speech.

The limited opening and closing movements of the

jaws during speech tend to be centred on the condylar

heads. The choice of the mandibular mesio-incisal

point to head of condyles with the teeth in

occlusion as the anter-posterior reference plane,

represents the most practical horizontal plane. Synchro

alignment to this defined horizontal avoids pseudo-

antero-posterior movements during straight open-close

movements of the mandible.

Computerisation, or computerised measurement,

of the synchro output signal proved impractical

because of the variability and non-standardisation of

movement during speech. ABERCROMBIE (1974) had reported

similar problems with direct computer analysis in

studies of other aspects of speech. Indirect

computerisation using the Minmac tracer coupled to

a computer could overcome some of the problems. However,
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the indirectness of the method renders the system

cumbersome and slow except for certain complex

calculations.

The total number of subjects was 54? not all

of them being used in all parts of the study. This was

caused by the changing availability of subjects as

the study progressed. The numbers in, and the

proportions of, the incisal occlusal classes in the

Phonemic Position study were as follows:

Class I 22 63$

Class "1 8 23$

Class II2 2 6$

Class III 3 8$

Depending upon the survey (Table 14.1)» the

normal distribution of the Angle's occlusion classes

in a U.K. population has varied considerably.

Although Angle's and the Incisal occlusion classifications

are defined differently, there is generally a fairly

close correlation between them. Thus a survey using

one classification system could be extrapolated for

the other with a fair degree of confidence.

The accepted proportions are approximately:

Class I 65-75$

Class II1 20-25$
Class II2 5- 8$
Class III 1- 3$

The distribution of the subjects in the study

showed a good correspondence to those of the U.K.
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population as a whole. Nevertheless the subjects were

not randomly chosen hut selected rather on standards

of speech, incisal occlusion (for classes II and III),

palatal width and availability.

The first part of the study investigated the

relationships between mandibular movement and the

intermaxillary space index as suggested by VIG (1568).
In addition to the range of movement, the total

distance travelled by the mandible (total mandibular

movement), and the speed of mandibular movement were

also studied. No relationship could be demonstrated

It could be argued that the intermaxillary

space index is an incomplete measurement to indicate

the intra-oral dimensions, no account being taken of

the tongue size. However, the protean nature of the

tongue makes it difficult to envisage methods of

measuring it in any meaningful way.

It was therefore concluded that the inter¬

maxillary space index has little relevance to studies

of speech physiology.

The incisal occlusion, on the other hand,

appears important to mandibular movements in speech.

BENEDIKTSSON (1957) had demonstrated, that in cases

of extreme overjet the tendency is towards a more

pronounced frontal tranlation of the mandible. Her

studies were carried out on Swedish /s/ sounds under

static conditions rather than during continuous

speech but the results demonstrate that frontal
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translation of the mandible is more pronounced not only

for /s/ but also /d,t and 8/ in subjects with greater

over jets (Class IIj). The results were statistically
significant or highly significant.

When other aspects of mandibular movement were

studied - range of movement, total movement, and

speed of movement no significant differences between

the various classes were seen. It appears that these

latter aspects are probablj' subject to personal

variations rather than any dictates of oral form.

The studies of the phonemic positions showed that

the mean range of movement was unexpectedly small.

This result is at variance with the reports of LA NBA

(1935)» PROCTOR (1949) and JUDSON & WEAVER (1966).

On the other hand, it confirms HONIKMAN's (1964)

observations on the articulatory settings of the

native born and. educated English speakers v/hich

contrast with those of foreigners learning English.

Further, it supports, indirectly, the work of

KANEKO (1955) and KESSLER (1957) who described different

ranges of mandibular movement for different racial

groups. Again it underlines the dangers of comparing

certain physiological aspects of one language with

another.

The results demonstrated that the vowel positions

measured in the vertical dimension were closely

related to the Cardinal Vowel diagram of tongue

positions. These mandibular positions are probably
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required to produce the correct oral resonance of the

vowels in speech. This supported, to some extent, the

views of CLEALL (1956) of the association between

tongue and mandibular movements. This association,

however, is very limited in other aspects of speech

physiology. With the exception of /i,T, and£/, the

antero-posterior movements did not appear to be

relevant to vowel production. This is probably

not unexpected as there is no valid reason for forv/ard

movement of the mandible for articulation of wide

vowels.

The consonantal study showed that, for the

incisals and alveolo-lingual plosives the mandibular

horizontal articulatory position was significantly

influenced by the anterior overjet, more anterior

translation occurring with the Class 11^ cases than
v/ith Class I. In the vertical plane, the relationship

between overbite and incisal separation was demonstrated

for /s/ (correlation coefficient 0.52) but only

moderately for /t and d/ (correlation coefficient 0.46

and 0.42). Again this illustrates the problem of

individual variation inherent in such research.

The study was unable to support the views of

COOPER et al (1952) that the jaw movements for the

articulation are influenced by the preceding and

following phonemes. Possibly this is further

indirect evidence of the greater importance of the

tongue in speech.
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For the other consonants considered in this study

this is probably the first description of their

mandibular articulatory positions.

In the investigation of the effects of intra-oral

appliances on mandibular movements it was noted that

the subjects swiftly accommodated to the appliances.

Some factors of adaptation are relevant to this type

of experiment.

As the subject strove to attain •normal' speech

with the appliance fitted, the experimenter audited

his progress until it was judged that the speech had

returned to normal. A decision was therefore, made

which could have been influenced by the previous

stimuli of distorted speech, rather than the

original normal speech. In other words the adaptation

level could have been altered (HELSON, 1964; CANTER,

1974). STEVENS (1962) has put this more clearly as

a law which states that psychological judgement (p)

is a power function of the physical stimulus (s):

P = s *

where changes according to the physical variables under

examination. In general, such considerations are valid.

On the other hand, however, the speech phrase was

simple and distortions occurred only with the /s/
sound. Judgements can, in any case, only be achieved

by discrimination of the human ear. Previous workers

including MILLER & NICELY (1955); NYLEN (1961); VIG

(1968); TAKAKA (1973); L'ESTRANGE (1974) have all
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used very small to large groups of persons to judge

the quality of speech according to various standards.

Since the design of the experiment was the same in all

cases, any perceptual changes, as indicated "by

STEYENS or KELSON would "be effective on all the

participating subjects. Thus there is no valid

reason to suppose that the judgement of one auditor

should be necessarily any less accurate.

The short period required for adaptation, it

could be argued, is artificial, and longer periods of

hours, or even days, should havebeen used. This is

arguable since speech adaptation had already

occurred but it is not known if further mandibular

positional adaption would have taken place. Nevertheless

it is certain that such good subject cooperation could

not have been achieved if these massively bulky

appliances had to be worn over several days while the

subjects attended their studies and clinical duties.

A comparison of the incisal separations for the sounds

in the speech phrase, particularly /s/, both with and

without the appliances in the mouth, demonstrates the

mandibular stability for these sounds, irrespective of

the intra-oral bulk of the appliances. This finding

supports the use of the phonetic method of determining

vertical dimension during the construction of full
v„

dentures, since their bulk will have little effect

upon mandibular position. The study also reveals

the wide variations in the /s/ of closest speaking
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space. The incisal separation varied from Omm to

5.5mm. This individual variation appears a more

important factor than the variations in incisal

separation caused "by appliance bulk. It is clear

that other factors must operate to ensure adaptation.

This underlines the relevance of JENSEN'S (1968)

observations on the quality of speech which is

dependent upon several inter-related factors:

1. Environment during the period of speech development

(birth to 7 years).

2. The individual's capacity for auditive perception

and ability to listen to one's own speech (feed back).

3. The capacity for intellectual perception.

4. The structure and function of the speech organs.

5. Dialect.

6. Education.

It may be that oral form is important in speech

but these factors are probably more important.
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15. CONCLUSIONS

Following this study of mandibular movements during

speech, these conclusions have been drawn:

1. Previous work on this aspect of speech physiology

indicated the failings of existing transduction

systems. A highly sensitive and linear electronic

device has been evolved which transduces mandibular

movements in two planes. The errors of the system

were calculated and shown to be small.

2. Computer measurement assistance was considered

but shown to be neither practical nor essential for

these studies.

5. In the light of previous studies, the Inter¬

maxillary Space Index and the Incisal Occlusion were

examined for relationships with the mandibular

movements in speech.

4. No relationship could be deduced between the

Intermaxillary Space Index and mandibular movements

in speech.

5. A statistically significant relationship was

demonstrated between the incisal occlusion and hori¬

zontal translation of the mandible for incisal and

certain of the linguo-alveolar consonants.

6. The mandibular positions for the articulation

of 20 vowels and consonants included in the test

phrase were defined.

7. The mean range of incisal movement during

speech for this selected group of subjects was small

(2.4mm for /s/ to 6.5mm for /a/, i.e. a range of 4.1mm)
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although there were large inter-subject variations.

8. Mandibular vertical opening for the vowels

varied in step with the tongue height as defined by

the Cardinal Vowel diagram. Statistically significant

differences between positions were shown. No similar

relationship was found in the horizontal plane.

9. Class 11^ subjects showed statistically
significant differences in anterior translation from

Class I for /i,I and £/.

10. Class II.j subjects showed statistically
significant or highly significant differences in anterior

translation from Class I for the consonants /s,d,t and o/.

11. Overbite was found to have a statistically

significant correlation with the incisal separation for

/s/ articulation, while there was a moderate correlation

for /d and t/. It was not possible to demonstrate a

correlation for other sounds.

12. The variability of articulatory position for

consonantal sound production, when that- sound appeared

on more than one occasion in the test phrase, could

not be related to the positional requirements of the

preceeding and following sounds.

13. The individual variation of the closest

speaking space amongst the sample subjects was found

to be between Omm and 5.5mm. Clinical observation

suggested that it was greatest with Class III

occlusions but because of the small numbers this

observation could not be statistically tested.
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14. Positional changes of the mandible occurred

when progressively larger appliances were fitted to

the palate. At the individual level, no discernable

pattern of change could be observed. When the group

means were considered, a small increase of inter-

occlusal separation was found. These increases were

statistically significant for /s/ and /i/. Neverthele

the increases were not commensurate with the increased

bulk of the appliances. The changes were least with

/ s/.

15. The use of phonetics as an aid to the

determination of the vertical height in full denture

construction, using test phrases incorporating the

/s/ sound, is supported since the mandibular position

for this sound was shown to be least affected by bulk.

The mean increases in incisal separation were within

the normally accepted clinical tolerances of the

method. Nevertheless, the individual variability

of the closest speaking space is large and is the most

important cause of difficulty with this method of

vertical height determination.

16. Neither palatal arch width nor incisal

occlusion appeared to be factors in the pattern of

adaptive movements to the intra-oral appliances.

17. The tongue would appear to play the major

role in compensating for changes in shape of the

oral cavity.

18. It was concluded that conventional full or
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partial dentures will have little effect upon

mandibular movements in speech. Further,denture

design modifications intended to facilitate speech

production could not be deduced from these studies of

mandibular movements.

19. Although the physical factors of oral form

modulate mandibular movements in speech, other factors

(education, dialect, individual variation, etc.)

probably have major roles to play. The importance

of these various factors in language change can only,

at best, be conjectural.

20. It is felt that this study of mandibular

movements in speech helps to fill a gap in our

knowledge of speech and jaw physiology.
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Mouvements mandibulaires lors de l'elocution
par P. R. Geissler

(Edimbourg, Ecosse)

De tous les moyens de communication,
la parole est le plus important puisque
c'est la base du Iangage et que du langage
dependent les civilisations.

Les dentistes sont particulierement in-
teresses par les phenomenes d'elocution
puisque les appareils qu'ils mettent au point
pour remplacer les tissus buccaux ne doi-
vent pas interferer, ou mieux, dans les cas
ou il existe un defaut d'elocution (fentes

palatines, resection maxillaire) ils doivent
retablir une elocution intelligible.

Quoi qu'il en soit, le dessin meme des ap¬
pareils, leur volume, leur position provo-
quent des interferences de 1'elocution qui
sont dues a la diminution de 1'espace lais-
se a la langue lors du montage des dents.
Quels sont les parametres avec iesquels le
dentiste doit compter pour realiser un tra¬
vail de restauration dentaire ? Quels sont
les points principanx qui provoqueront des
difficultes d'elocution ?

Comme les moindres signes d'interference
d'elocution ont un effet sur les mouvements

mandibulaires, il existe un vaste champ d'etu-
des possibles pour tenter de repondre a ces
questions et meme a d'autres.

Les travaux anterieurs qui ont ete faits a ce
sujet concernaient les mouvements mandibu¬
laires uniquement par rapport a la mastica¬
tion (Kurth, 1942), (Atkinson et Shepherd,
1955, 1967), (Brewersdoff, 1967), (Gillings,
1967) et d'autres.

En 1958, Benediktsson a poursuivi une etu¬
de radiologique de la langue et de la position
de la mandibule lors de remission du son «s».

Pour cet unique son, il a signale qu'il existe
une association de mouvements entre la posi¬

tion de la mandibule et le rapport des dents
anterieures entre elles.

II s'agissait alors d'une etude sur des posi¬
tions statiques plutot que dynamiques de la
mandibule, comme c'est le cas durant la pho-
nation proprement dite.

Des travaux precedents avaient montre que
lors de la phonation les differentes positions
de la langue et de la mandibule ne correspon¬
dent pas precisement a la situation enregis-
tree dans des conditions «statiques». De me¬
me, on a remarque que pour un seul et meme
son, ces positions sont modifiees par ce qui
suit et ce qui precede (Geissler, 1971). On com-
prend ainsi pourquoi les travaux de Benedkits-
son ne sont pas entierement valables lorsque
les mots se suivent.
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Une methode simple pour etudier les mou-
vements dynamiques de la mandibule consiste
a utiliser une ou plusieurs sources lumineuses
ou alors un traceur fixe aux dents inferieures.
On etudie, ou mieux, on enregistre les mou-
vements reproduits par ces traceurs, au moyen
de cameras de cinema ou de television.

Les enregistrements obtenus sont ensuite
analyses. On a aussi mis au point des techni¬
ques qui permettent d'utiliser les ressources de
l'electronique. La principale difficulte est sur-
venue au moment ou l'on a cherche a differen-
cier les mouvements de la mandibule suivant
l'axe des X et des Y avec un appareil intra¬
oral suffisamment compact pour qu'il ne cree
pas d'interferences par son volume propre. Le
patient est confortablement installe dans un
fauteuil dentaire et la camera est disposee de
fagon a enregistrer les mouvements de l'indi-
cateur fixe aux dents inferieures. II faut que
le systeme ne provoque aucune interference au
niveau des levres lors de l'elocution.

On a trouve une phrase susceptible de com¬
biner : 1) pour les voyelles, des mouvements
de langue anterieurs et posterieurs avec la bou-
che ouverte ou fermee et 2) pour les consonnes,
des mouvements essentiellement anterieurs.

C'etait :

«Father had not feet. He sat alone and said :
How could this sort of boot fit ?».

Dans l'analyse suivante, on a prepare des
«schemas» des mouvements mandibulaires,
dont la forme et les dimensions etaient propres
a chaque sujet pris separement. Dans le cas
des enregistrements electroniques on a repro-
duit les mouvements sur un oscilloscope ou
bien on ies a schematises de fagon a ce que les
mesures necessaires puissent etre faites.

Phonation
Le controle precis du flux d'air, la vocalisa¬

tion, les mouvements du palais mou, les mou¬
vements linguaux et mandibulaires sont les ba¬
ses necessaires afin d'obtenir une phonation
intelligible. Cette precision depend aussi des
dimensions de la bouche ; des etudes prelimi-
naires ont montre en effet que les patients pos-
sedant une cavite buccale petite doivent faire
un tres grand nombre de mouvements mandi¬
bulaires pour emettre des sons precis.

II faut nuancer cette generalisation par les
quelques facteurs suivants :

a) vitesse de l'elocution ; plus l'elocution est
rapide, moins l'amplitude des mouvements
est grande.

b) emotion et fatigue.
c) groupes sociaux ; certains individus ont une

articulation claire et leurs mouvements sont

amples, alors que d'autres parlent indistinc-
tement et les mouvements sont restreints.

d) facteurs d'inertie (a rapprocher du point
c). C'est en general une tendance a l'effort
minimal. L'amplitude des mouvements ten-
dra vers un minimum qui sera juste com¬
patible avec la comprehension mutuelle
(Zip/, 1965).
En anglais, a peu pres 80 %> des consonnes

et 50 % de voyelles sont formees ou ont leur
effet maximum en avant de la bouche. Quoi-
que ceci soit vrai pour l'anglais, on doit re-
marquer que les autres langues ne different que
par l'etendue des surfaces concernees et cela
uniquement d'apres leur composition phone-
tique.

Comme on l'a vu plus haut, l'elocution de¬
pend en grande partie de la forme de la ca¬
vite buccale. On comprend alors que le dessin
des reconstitutions phonetiques totales ou par-
tielles aura une importance preponderate sur
la clarte de l'elocution. A quelque degre que
ce soit, ces appareils auront un effet sur la for¬
me de la bouche et tout particulierement dans
la partie anterieure de celle-ci.

On a etudie les mouvements que faisaient les
patients lorsqu'ils pronongaient la phrase test,
puis afin de simuler des alterations, on a re¬
commence les tests avec differentes protheses
dentaires.

On a entrepris cette etude pour les cas d'in-
terference d'elocution qui pourraient survenir
apres insertion d'une prothese volumineuse,
sans que le patient puisse les compenser par
des mouvements linguaux aux mandibulaires
adequats.

Ainsi, en pronongant la phrase test, le moin-
dre signe d'interference d'elocution possible
aura pour consequence d'accroitre les mouve¬
ments mandibulaires. II faut souhaiter que, de
cette fagon, on puisse ameliorer les dessins des
protheses qui seront placees en bouche afin
de restituer une denture partielle ou totale. On
tiendra compte specialement de la position des
appuis et des barres de connexion. Ces recom-
mandations sont a rapprocher des experiences
que l'on fait en clinique.
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A PRELIMINARY REPORT ON STUDIES
OF MANDIBULAR MOVEMENTS IN
SPEECH*
P. R. GEISSLER, B.D.S., F.D.S.

School of Dental Surgery, Chambers Street, Edinburgh

In full denture construction where no pre-
extraction records exist aesthetics, tooth position¬
ing, and, to some extent, vertical dimension are
mainly determined by methods of estimation.
The dentist makes an informed guess of where
teeth should be placed and the amount of vertical
dimension necessary for that patient, and the
success of his dentures will be related to the
accuracy of his estimation.

Watt, Durran, and Adenubi (1968) gave some
biometric guides to flange width of maxillary
dentures and, as an extrapolation, maxillary
anterior tooth position. Although these are
valuable static values a study of mandibular
movements in speech could give useful informa¬
tion on dynamic tooth relations and positions as
well as vertical dimension.

Since the classic study by Bennett (1908) a
number of contributions on mandibular move¬

ments have been made by other workers. Kurth
(1942), Atkinson and Shepherd (1955, 1967),
Shepherd (1960), and Gillings (1967) have
reported on mandibular movements in mastica¬
tion, but little has been done on mandibular
movements in speech, the most comprehensive
investigation being that carried out by Benedikts-
son (1958) in which a study was made of tongue
and jaw positions in the ' S ' sound production
using radiographic techniques. Although this
was an elegant study the use of a cephalostat
could have caused interference with normal
mandibular movements, and, further, the method
did not permit continuous recording of speech
movements from the position of centric occlusion
to what Silverman (1955) called the ' closest
speaking space'.

A simple method of studying dynamic move¬
ments of the mandible involves the use of one or

more lights or beads attached to the lower jaw and
observing or recording the movements of these by
means of tracing devices or cine cameras. This
report concerns such a method of recording
speech movements with some initial results.

* Presented at the meeting of the British Society for
the Study of Prosthetic Dentistry held on 13-14
April, 1970.

In this study the fulfilment of three basic
requirements has been attempted, namely:—

1. Simplicity of technique so that a large
number of patients could be studied.

2. Non-interference with normal mandibular
movements.

3. Continuous recording during the mandibu¬
lar movements.

Before the method is described it would be wise
to consider the phonetic aspects of the study.

PHONETICS

Every speech sound belongs to one or other of
the two main groups known as vowels and
consonants, and it is the combination of these
various sounds which forms our everyday speech
—a complex process requiring precise control of
the larynx, nasopharyngeal valve, mandibular
muscles, tongue, and lips.

In a series of articles in 1968-69, particularly
concerned with dentures and speech, Lawson and
Bond noted the necessity of the lateral tongue
seal in the English consonants and pointed out
that in some cases it may be very difficult to
obtain this seal. The ease with which the seal can

be achieved is dependent upon the resting
position of the tongue and also upon the vertical
and buccolingual position of the posterior teeth.
They particularly stressed the importance of the
level of the occlusal plane in obtaining the lateral
tongue seal.

Further speech alterations are caused by varia¬
tions in the occlusal vertical dimension, the over-
bite/overjet relationship, the thickness of the
denture base, and the looseness of the denture
base.

The vowel sounds are dependent upon tongue
and jaw positions, and in this study we are con¬
cerned with the mandibular movements resulting
from tongue and lip movements as well as tooth
relationships. Thus, the chosen speech phrase
must include the various positions required for
consonant production as well as the tongue
position for vowels.

Fig. 1 shows the tongue position required for
the various vowel sounds. Seat, sit, and boot
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have close vowels where the tongue is close to the
palate either back or front, and it would be antici¬
pated that the jaws would be approximated for
these sounds. Father and hot have open vowels
where the tongue is farther away from the palate,
necessitating a wider separation of the jaws.

OPEN

Fig. 1.—A diagrammatic representation of the
tongue position required for the various vowel
sounds.

2. Palato-alveolars formed by the front of the
tongue in relation to the alveolus and the hard
palate: sh (/), zh (z), ch {if), j (dz).

3. Dentals formed by the blade of the tongue
on the upper teeth: th (0, 0).

3. Labiodentals formed by the lower lip and the
upper teeth: f, v.

A speech phrase was constructed to combine
front and back, and open and closed tongue
movements, and also to contain most of the
consonant phonemes mentioned earlier. This
was: Father had hot feet, he sat alone and said,
how could this sort ofboot fit?

METHOD

The patient is seated comfortably in a dental
chair and the necessary cine equipment is
arranged to photograph an indicator fixed to the
lower teeth. Initially, the indicator, made of
0-8 mm. hard stainless-steel wire, was soldered to
orthodontic bands made for the lower incisor or

Fig. 2.—The indicator wire attached to the
mandibular teeth and carrying a small piece of
white card for plotting movements.

There are 23 consonants used in the English
language, but the consonants of most interest in
this study are those formed by or related to the
teeth. These may be divided into four
categories:—

1. Alveolars formed by the blade of the tongue
and the alveolus: t, d, s, z, 1, n.

Fig. 3.—A patient wearing the graticule frame
through which are photographed the movements
of the indicator.

premolar teeth, the wire being adjusted so as to
cause no lip interference during speech. How¬
ever, it was soon apparent that this method of
wire attachment was difficult to use in cases of
deep overbite or where the clinical crowns were
very short. The present method is to attach the
wire to a custom-made acrylic splint fitting
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against the buccal surfaces of the mandibular
teeth, usually the premolars and molars. The end
of the indicator wire carries a small triangular
piece of white card (Fig. 2) to aid the subsequent
plotting of the mandibular movements.

In order to provide a fixed reference point to
measure the mandibular movements the patient
wears a modified spectacle frame to which is
attached a sheet of Perspex on which is engraved

i saet alonds
i10
Imm.
■*0

Fig. 4.—Part of a trace of the mandibular move¬
ments during the speech phrase.

a x<Hn- graticule (Fig. 3), and it is constructed so
that it may be adjusted vertically such that the
tracer appears in the middle of the graticule. A
small mirror is mounted on the graticule at 45°
so that the movements may be studied in two
planes.

The patient repeats the standard phrase during
which the cine camera is run at 32 frames per
second. After commercial processing, tracings
are obtained by direct projection of the film run
through an analysing projector arranged to give a
standard enlargement. For the purposes of this
study a two times enlargement is used. As each
successive frame is projected the paper is
advanced one square of the graticule and the
image of the chosen tip of the mandibular tracer
is marked. In order to produce an accurate trace
it is necessary to superimpose a prepared base¬
line on the paper on to a chosen horizontal line of
the graticule. This procedure necessitates a slight
adjustment as well as advance of the paper as each
frame is passed through the analyser. The result¬
ing trace may be seen in Fig. 4.

The film is run through a second time and
the anteroposterior movements as shown by
the image on the mirror are studied and the paper
is not advanced. This produces an envelope of
movement in an anteroposterior as well as a
vertical direction. The trace is shown in Fig. 5
and it has been found that the distal 'wall' of the
envelope, which is probably a portion of an arc of
a circle, lies at an angle which varies between
patients of between 45° and 60° to the horizontal.
Parallel lines are drawn at 2-mm. distances from
the base line of the envelope, i.e., 1 mm. natural
size because of the two times enlargement of the
projected image, and the film is run through once
again. This time, using the frame counter on the
analysing projector, it is possible to determine
the degree of anterior movement away from the
base line and to relate this to the individual
phonemes of the first trace. Fig. 6 shows
the completed trace with the anteroposterior

movement represented diagrammatically at the
base, the degree of anteroposterior movement
being shown as the vertical distance away from
the base line.

RESULTS

Analysis of the traces from the limited number
of patients studied indicates that there is some

0 10

mm.

Fig. 5.—The envelope of movement of the
indicator in vertical and anteroposterior planes
during the speech phrase.

i s as talonds

.310
|mm.

. -30

Fig. 6.—The completed trace. The upper part
shows vertical movement and the lower part
represents anteroposterior movement, the degree
of movement being shown as the vertical distance
away from the base line.

degree of stability of mandibular position for
various speech sounds. However, these positions
tend to be modified to some extent by the posi¬
tional requirements for the preceding and
following phonemes. The mandibular position is
further modified by the speed at which the phrase
is spoken.

It would be invidious to draw too firm con¬

clusions from these initial results as the number
of patients studied was very limited and the
possible variations of tooth and lip positions
were very large. However, two main inferences
could be drawn. First, the position of the
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' closest speaking space ' (Silverman, 1955), i.e.,
the ' S' sound, tended to be fairly stable,
especially in the same patient with reservations
to be mentioned later, and to some extent
between patients. Second, it was noted that there
was a fair degree of stability for the close vowels
in the same individual and also between individ¬
uals. This was particularly noticeable in the
front close vowels, such as seat and sit, but less
so in the back close vowels. However, in the
open vowels a great variability in tooth separa¬
tion was found. This varied between patients and
with the same patient speaking at different
speeds.

Silverman wrote in 1955, ' The closest speaking
space has been found to be constant in tests
conducted since February, 1950, and it is felt that
it should be constant throughout life'. Doubt
has been thrown on this statement as a result of
this research since variations of up to 1-5 mm.
have been found in the mandibular vertical
position for the ' S ' sound in the same patient at
different points of the speech phrase. This is
probably a result, as has been pointed out earlier,
of the jaw position being modified by positional
requirements for the preceding and following
phonemes. However, it was interesting to note
that where modifications in tooth separation
occurred for ' S ' sound production a compensa¬
tory anteroposterior movement of the mandible
was found. This would suggest that there is a par¬
ticular interdental spatial requirement peculiar
to each patient, and where the preceding and

following phonemes require alteration of tooth
separation from that normally required for ' S '
sound production a protrusive movement of the
mandible occurs to restore this spacial relation¬
ship.

It will be interesting to see when further work
has been done if this theory can be sustained, and
if a relationship between vowel sounds, par¬
ticularly the close vowels, and occlusion can be
deduced.
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Appendix. 1

Subject Cross Ref Tot Mov Mov/Sec Ranfce Mov Occl

1 i/a 74*2 11.6 10.8 i

2 ii/a 99*0 12.2 18.0 11^
3 i/b 43*0 8.8 11.5 i

4 II,/B 48.5 7.8 17.0 n1
5 i/o 47.0 8.5 8.0 1

6 - - - - IT1
7 i/c 69.6 11.6 10.9 1

8 II/F 225.0 38.4 20.5 n1
9 n,/o 54.0 10.2 14.0 n1
10 - - - t

11 ii.,/g - - - n1
12 ii/b 60.6 12.2 11.1 ii,
13 ii2/a 33.7 6.7 9.3 ii2
14 I/B 34.0 5.6 5.3 i

15 i/e 84.5 12.0 11.3 i

16 iii/a 64.3 8.3 11.2 iii

17 ii/e 39.0 6.3 6,6 n1
18 i/t 61.5 10.8 8.8 i

19 i/f 79.0 16.8 10.0 i

20 i/g - - - i

21 - 133.6 21.6 20.5 i

22 i/h 98.0 15.0 19.6 i

23 - - - - i

24 - - - - i

25 1/1 64.0 10.0 8.3 i

26 i/j 91.5 13.4 11 .4 i

27 i/k 28.0 5.3 5.8 i

28 - - - - i

29 1/l 64.0 11.4 12.5 i

30 i/m 82.1 10.5 13.2 i

(Gontd)
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Appendix l(contd).

Subject Cross Ref Tot Mov Kov/Sec
ii.aos'M- '..Hi ill mi m

Range Mov Occl

31 H-j/H - - ni
32 - _ ~ - I

33 I/N - - - I

34 - 61.0 10.1 7.1 I

35 - - - I

36 - - - - I]C1
37 I/O - - I

38 III/B 48.4 16.1 10.6 III

39 l/P - I

40 - - - - II
1

41 X/Q - - - I

42 - - - _ I

43 - - - - IIX1
44 - - - - I

45 - - " - III
46 - - -- II2
47 III/C - - III

48 - - - I

49 - - - - I

50 - - - - I

51 i/r - - - I

52 ii2/B - - - II2
53 I/U - - I

54 I/V - - -- I

Subjects participating in the study, showing Incisal Occlusion

classes, Total Mandibular Movement, Speed and Range of Mandibular

Movement for the long test phrase.
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Appendix 2

Subject Intermaxillary Space Dimensions(mm) Occl. Class

Length Ant. Height Post Index

1 77.7 63.5 32.5 Short Low I

2 79.0 74.0 26.5 Short High XI1
3 81.5 83.7 42.0 Short High I

4 96.5 77.0 38.0 Long High ni
5 83.5 75.0 30.0 Short High I

6 82.0 74.5 33.5 Short High JI1
7 90.0 84.7 25.0 Long High I

8 84.0 75.5 29.5 Short High I3C1
9 78.5 65.5 29.7 Short Low ni
10 89.5 74.7 35.3 Long High I

11 N~\CMCO 75.6 39.0 Short High H-i
12 88.5 73.0 36.7 Long Low IJ1
13 80.5 72.0 34.0 Short Low n2
14 90.5 72.7 40.3 Long Low T

JL

15 87.5 78.5 48.0 Long High I

16 90.5 76.8 48.0 Long High III

17 95.0 71.3 27.0 Long Low II1
18 91.2 74.9 32.0 Long High I

19 92.3 65.0 46.7 Long Low I

20 88.5 81.5 37.0 Long High I

21 72.5 62.5 41 .0 Short Low I

22 100.0 82.5 44.0 Long High I

23 83.7 76.5 46,0 Short High I

24 85.0 78.0 51.0 Long High I

25 84.0 73.3 32.0 Short Low I

26 82.0 83.5 40.0 Short High I

27 92.5 69.5 39.0 Long Low I

28 79.0 66.5 38.0 Short Low T

29 73.5 72.0 38.0 Short Low I

30 89.0 75.5 42.7 Long High I

31- 81.0 66,0 27.3 Short Low IJ1
32 74.5 75.0 39.7 Short High I

33 90.5 70.3 35.0 Long Low I

34 82.0 75.0 28.5 Short High I

35 84.5 75-5 37.5 Short High I

Intermaxillary Space dimensions and Incisal Occlusion classes
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Appendix 3

/S/
Class/ Vert Sep A/p Mov Class/ Vert Sep A/p
Suh.iect Subject

ii/a 2.7 2.4 i/ F 1.0 0.0

b 5.5 2.5 g 2.7' 0.0

c 1.4 5-5 h •OJ 1.3

3) 2.3 3.0 i 2.2 1.2

e 1 .0 2.0 j 1.4 0.0

f 5.5 4.0 k 2.3 0.9

g 2.7 2.8 l 3.8 3.7

h 5.7 3.0 M 3.3 2.5

ii2/a 5.1 1.3 n 3.2 1.5

b 1.5 0.3 0 2.4 0.0

iii/a 0.9 0.0 p 1.6 0.0

b 6.4 0.3 q 0.8 0.0

c 5.4 0.0 r 0.7 0.0

1/ a 2.4 1.0 s 0.9 1.0

b 5.3 1.8 t 4.1 1.6

c 0.6 1.1 u . 2.6 1.0

D 0.4 0.0 v 2.2 1.3

e 1.4 1.4

Summaries

Class n Vert Sep. S.D A/P Mov. S.D

I 22 2.0 1.31 0.9 0.93

ni 8 2.9 1,78 3.3 1.07

n2 2 2.3 - 0.8 -

III 3 4.2 — 0.1 —

The anterior translation in Class II cases is significantly

greater than in Class I, p<\005.
All cases 35 2.4 1.36 1.3 1.30

Incisal positions (vertical, and horizontal) for /s/ sound production.



Appendix 5

N
Class/ Vert Sep A/p Mov Class/ Vert Sep a/p :
Subject Subject

ii/a 3.5 1.5 I/ F 5.2 0.0

b 5.4 1.5 g 3.3 0.0

c 1.2 4.7 h 6.2 1.1

d 3.0 2.3 I 2.3 0.9
e 1.5 1.1 J 4.2 0.0

p 5.1 1.6 k 2.8 0.0

g 2.8 2.7 l 3.5 2.5
h 4.3 1.8 m 4.0 1.8

ii2/a 3.5 0.9 n 4.3 1.5
33 1.7 0.0 0 2.6 0.0

iii/a 2.1 0.0 p 1.6 0.0

b 6.1 0.2 q 1.8 0.0

c 5.2 0.0 r 0.8 0.1

i/ a 2.9 0.5 S 1.6 1.2

b 3.3 1.2 T 4.0 0.4

c 1.5 0.5 U 3.5 0.6

D 0.9 1.0 V 2.0 0.5

e 5.0 0.4

Summaries

Class n Vert Sep S_.11 A/p Mov S.D

I 22 2.8 1.26 0.6 0.65

ni 8 2.9 2.12 2.1 1.13

I]C2 2 2.6 - 0.4 -

III 3 4.5 - 0.1 -

All cases 35 3.0 1.36 0.9 1.00

The anterior translation in Class 11^ icase3 is signific

greater than in Class I, .01> p >.005

Inci3al positions (vertical and horizontal) for /t/ sound production.
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Appendix 5

N
Class/ Vert Sep a/P Mov Class/ Vert Sep a/p :
Subject Subject

ii/a 4.6 0.7 i/ f 2.9 0.0

b 5.5 2.5 G 3.6 0.0

C 2.2 6.3 H 8.0 2.0

D 4.0 2.6 I 3.4 1.1

E 2.1 1.0 J 5.5 0.0

f 5.5 3.6 K 3.0 0.2

G 5.0 2.8 L 4.5 2.7

II 4.2 2.0 M 5.3 1.5

ii/a 4.8 1.1 n 5.5 1.5

b 2.5 0.0 0 2.5 0.0

iii/a 1.8 0.0 p 1.4 0.0

B 7.1 0.6 q 1.9 0.0

C 6.6 0.0 R 1.2 0.3
I / A 3.9 0.8 S 1.8 0.5

B 4.0 1.0 T 4.0 1.0

C 0.9 0.7 U 3.7 1.2

D 1.0 0.0 V 3.0 0.7
E 3.6 2.0

Summaries:

Class n Vert Sep S.D A/P Mov S.D

I 22 3.4 1.68 0.8 0.75

ni 8 3.9 1.32 2.6 1.72

II2 2 3.7 - 0.6 -

III 3 9.2
- 0.2 -

All cases 35 3.6 1.65 1.1 1.50

The anterior translation in Class XI

greater than in Class I, .01 p > .005.

cases is significantly

Incisal positions (vertical and horizontal) for /d/ sound production.
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Appendix 5

/«/
Class/ Vert Sep a/P Mov Class/ Vert Sep A/P
Stib.i ect Sub .i ect

II^/A 5.7 1.6 I / F 3.6 0.9
B 6.7 2.1 G 4.1 0.0

C 5.1 4.1 H 7.3 1.8

D 5.7 2.2 I 4.9 1.8

E 1.7 1.4 J 5.3 0.0

F 6.2 1.5 K 3.5 0,0

G 4.3 2.0 L 4.9 3.0

H 7.9 1.0 M 5.6 1.2

Il/A 5.7 1.7 N 6.1 1.0

B 2.8 0.0 0 3.2 0.0

III/A 2.8 0.0 P 4.4 0.0

B 6.6 0.5 Q 3.2 0.0

C 6.5 0.0 R 1.8 0.1

I / A 3.3 0.0 S 1.8 0.0

B 4.1 0.6 T 4.7 0.5
C 2.8 1.2 U 3.2 0.5
D 1.7 0.0 V 4.7 0.5
E 6.2 1.0

Summaries:

Class n Vert Sep SJ) A/P Mov S.D

I 22 4.1 1.45 0.6 0.75

8 5.1 2.00 2.0 0.93

n2 2 4.3 - 0.8 -

III 3 5.2 - 0.2 -

All cases 35 4.4 1.59 1.2 1.56
The anterior translation in Class 11^ cases is significantly

greater than in Class I, .01 ) .005*

Incisal positions (vertical and horizontal.) for /§/ sound production.
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Appendix 3

LU
Class/ Vert Sep A./P Mov Class/ Vert Sep a/P
Subject Sub.iect

ii-j/a 4.9 0.0 i/f 3.1 0.4
b 5.8 0.9 g 2.4 0.0

c 2.5 3.2 h 4.2 0.0

d 4.5 1.0 i 1.5 0.0

e 1.2 0.9 j 6.4 0.0

f 5.2 0.0 k 2.7 0.0

g -3.6 2.1 l 4.3 1.5
H 5.4 1.0 M 4.9 1.5

Ilg/A 3.8 1.0 N 4.2 1.5

E -
.

- 0 2.9 0.0

iii/A 1.7 0.0 P 2.5 0.0

b 4.5 0.0 Q 2.1 0.0

c 4.8 0.0 R 0.3 0.1

i/a A 5.0 0.0 S 2.5 1.0

b 3.7 0.6 t 4.6 0.0

c 2.0 0.6 u - -

b 1.4 0.0 v -

e 2.7 0.0

Summaries;

Class

I

II

II2
III

1

n

20

8

1

5

All cases 32

Vert Sep S«D

3.1

4.1

3.8

3*7

3.4

1.50

1.58

1.53

A/p Mov

0.3

1.1

2.1

0.0

0.5

0.56

1.04

0.76

No significant differences existed between the groups either

in the vertical or horizontal planes.

Incisal positions (vertical and horizontal) for /f/ sound production.
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Appendix 5

Ac/ and /b.v/

Class/ Vert Sep A/P Mov Class/ Vert

Sub.iect Sub.iect

II/A 4.3 2.0 I/H 10.8

B 5.0 2.4 ; .1 3.2
C 1.3 5.6 J 4.0

H 9.6 2.0 K 3.7

II?/B 4.5 1.2 L 4.2

III/C 5.0 0.0 M 4.7

1/ A 4.0 1.0 N 5.2

B 4.7 1.5 0 2.7

C 1.5 0.6 P 3.0

D 2.0 0.0 Q 2.5

E 2.5 0.6 R 2.0

F 4.0 0.0 T 5.6
G 4.1 0.0

A,v/

II/G
1/ K

0

Summaries:

A/

/b,v/

2.7

1.7

n

25

6

2.5

0.0

0.0

Vert Sep

4.1

1.7

I/P
Q

R

S.D

2.15

2.2

0.7

0.0

A/P Kov

1.0

0.4

A/P Hov

2.4

0.0

0.0

0.0

3.5

1.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

S.D

1.40

Incisal positions (vertical and horizontal for /k/ and /"b.v/ sound

production



Appendix 5

ill

Class/ Vert Sep A/P Mov Class/ Vert Sep a/p
Sub.iect Sub.iect

H/A - - I/F 3.6 0.0

B 6.1 1.2 G 3.9 0.6

C 2.5 6.3 H - -

D - - I - -

E - - J 5.0 0.0

F 8.5 0.0 K 3.0 0.0

G 2.9 2.5 L - -

H 6.7 2.0 M 6.0 0.0

II2/A - - N 4.4 1.8

B 3.7 0.6 0 2.8 0.0

III/A 3.0 0.0 P - -

B 7.1 0.7 q 1.7 0.0

C 3-3 0.0 R 2.7 0.0

1/ A t ■ S 1.6 1.0

B 4-5 ■1.2 T - -

C 0.3 0.0 U - -

D 1.2 0.0 V - -

E 4.8 0.6

Summary

n

All cases 25

Vert Sep

3.8

A/P Mov

0.8

Incisal positions (vertical and horizontal) for /!/ sound production.
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Appendix 3

M

Class/ Vert Sep A/P Mov Class/ Vert Sep A/P
Sub.iect Sub.iect

ii/a - - i/f - -

b - - g 2.9 0.6

c -
. h 10.8 0.0

d 1.7 2.0 i 2.2 0.9

e 2.5 1.5 j - -

f - - k 2.0 0.0

g - - l - -

h - - m - -

ii2/a - - n 4.7 1.6

b - - 0 2.8 0.0

III/A - - p - -

b - - Q 1.6 0.0

c 4.3 0.0 r 2.0 0.0

1/ a - - s - -

b - - t - -

c 0.6 0.6 u - -

d - - v - -

e 3.8 0.6

Summary:.

n Vert Sep a/P Mov

All cases 12 3»2 0.6

Incisal separation (vertical and horizontal) for /n/ sound production.
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Appendix 5

N
Class/ Vert Sep A/P Mov Class/ Vert Sep A/P
Sub.iect Sub.iect

H/A 3.2 0.0 1/ P 5.0 0.0

B 4.9 1.2 G 4.8 0.6
C 1.8 4.9 H 8.8 0.5
D 3.7 2.0 I 3.4 1.3
E 2.3 1.2 J 7.3 0.0

P 11.7 1.5 K 3.1 0.0

G 3.9 2.0 L 3.9 1.3
H 8.1 2.0 M 5.9 0.9

ii2/a 4.2 0.9 N 4.6 1.9

B 4.5 0.0 0 3.3 0.0

III/A 3.4 0.0 P 3.7 0,0

B 6.0 0.0 Q 3.3 0.0

C 5.5 0.0 R 1.1 0.0

1/ A 4.2 0.0 S 1.4 2.0

B 4.6 0.6 T 5.5 0.5
C 3.3 0.9 U 5.2 0.0

B 1.7 0.0 V 4.7 0.0

E 3.7 0.3

Summaries:

Class n Vert Sep S_.D A/P Mov S.D

I 22 4.1 1.78 0.4 0.60

"l 8 4.9 3.33 1.8 1.53

I3E2 2 4.3 - 0.4 -

III 3 4.9 - 0.0 -

All cases 35 4.3 2.12 0.7 1.00

The anterior translation in Class 11^ cases is significantly-
greater than in Class If .01^p^.005.

Incisal positions (vertical and horizontal) for /i/ sound production.
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Appendix 5

/e/
Class/ Vert Sep A/P Mov Class/ Vert Sep a/p
Subject Sub.iect

II/A 6.6 0.5 I/F 6.2 0.9
B 5.8 2.1 g 4.5 0.0

C 3.1 3.5 H 8.6 1.4
D 5.5 2.4 i 4.5 0,6

e 2.7 0.9 j 6.2 0.0

II2/A 4.2 0.9 K 4.5 0.0

III/A 3.6 0.0 LL~ 6.2 3.0
B 8.4 0.0 m 7.9 2.9
C 7.8 0.0 N 6.1 1.2

1/ a 6.3 2.0 0 3.0 0.0

B, 5.5 1.2 P 4.8 0.0

C 3.8 0.6 Q 4.0 0.0

d: 2.9 0.0 R 4.0 0.0

e 5.5 0.3

Summaries:

Class n Vert Sep sjd a/p Mov 3.3)

i 18 5.2 1.68 0.8 1.07

IT1 5 4.7 2.17 1.8 1.49

U2 1 4.2 - 0.9 -

III 3 e.6 - 0.0 -

All Cases 27 5.1 1.83 0.9 1.18

No significant differences existed between the groups either

in the vertical or horizontal planes.

Incisal positions (vertical and horizontal) for /e/ sound production.
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Appendix 5

/£/
Class/ Vert Sep A/P Mov Class/ Vert Sep A/P
Sub.iect Subject

I^/A 7.5 1.2 I/P 3.0 0.0

B 5.8 2.1 G 4.5 0.0

C 3.8 6.5 H 9.4 2.7
D 5.3 2.4 I 7.0 1.2

E 2.3 1.8 J 6.7 0.0

F 16.5 4.0 K 2.7 0.9

G 3.5 2.5 L 5.7 3.5

H 7.9 2.0 M 6.2 2.4

Ilg/A 2.1 0.0 N 6.8 2.0

B 5.0 0.0 0 3.2 0.0

III/A 2.1 0.0 P 5.2 0.0

B 8.2 0.7 Q 5.0 0.0

C 8.2 0.0 R 3.0 0.0

1/ A 4.7 2.0 S 3.0 1.0

B 4.7 1.8 T 6.2 1.0

C 2.0 1.2 U 6.0 0.0

D 2.0 0.0 V 5.0 0.0

E 3.8 2.1

Class n Vert Sep SJ) A/P Mov S.D

I 22 4.8 1.82 1.0 1.07

ni 8 6.5 4.94 2.8 1.66

ii2 2 3.6 - 0.0 -

hi 3 5.5 - 0.2 -

All cases 35 5.2 2.66 1.3 1.41

The anterior translation in Class 11^ cases is significantly
greater* than in Class I, .01 > p ) .005.

Incisal positions (vertical and horizontal) for /£/ sound production.
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Appendix 5

/a/
Class/ Vert Sep A/P Mov Class/ Vert Sep A/P Mov

Suh.iect Subject

II/A 6.8 0.9 l/F 3.4 0.7
B 8.2 2.0 G 4.4 0.5
C 5.3 5.7 II 9.1 1.4
D 5.7 3.0 I 5.7 2.0

E 3.3 1.2 J 8.5 0.0

f 12.0 1.0 K 3.5 0.0

g 5.3 2.2 L 6.8 3.0
H 12.0 1.0 M 7.5 1.9

ii2/a 4.2 1.7 n 6.8 2.0

B 8.2 0.0 0 3.5 0.0

111/A 5.6 0.0 p 5.6 0.0

B 8.7 0.7 Q 4.2 0.0

C 7.8 0.0 R 2.6 0.6

1/ A 5.6 1.5 S 4.4 1.5
B 4.7 1.2 T 6.8 0.7

C 2.8 0.8 U 7.2 0.0

D 2.5 0.0 V 12.5 0.0

E 6.6 1.5

aries;

Class n Vert Sep S.D A/P Mov S.D

I 22 5.6 2.43 0.8 0.84

"i 8 7.3 3.19 2.1 1.61

n2 2 6.2 - 0.8 --

III 3 6.7 - 0.2 -

All cases 35 6.1 2.54 1.1 1.18

No significant differences existed between the groups either

in the vertical or horizontal planes, between Classes I and 11^
in the horizontal plane it was almost significant, .05J3 P ,3 .02.

Incisal positions (vertical and horizontal) for /a/ sound production.
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Appendix 3

/a/

Class/ Vert Sep A/P Mov Class/ Vert Sep a/p

Sub.lect Sub.iect

H-j/a 8,2 0.0 1/ F 6.0 0.6

B 7.7 0.8 g 5.1 0.6

c 4.4 5.7 h 11.7 2.3

i) 5.9 2.8 i 5.2 0.3

e 5.5 1.0 j 7.7 0.0

p 15.2 0.0 K 5.7 0.0

g 5.6 2.6 L 6.1 2.8

h 12.9 1.6 m 7.7 1.6

ii2/a 5.4 1.4 N 8.2 1.9

B 5.5 0.0 0 3.8 0.0

iii/a 5.5 0.0 p 5.6 0.0

B 8.0 0.5 q 5.5 0.0

c 7.8 0.0 r 4.0 0.0

1/ A 7.5 0.0 S 5.6 1.0

B 6.0 1.5 t 7.6 0.7

c 5.2 0.8 u 6.0 0.0

d 5.4 0.0 V 11.0 0.0

e 6.0 1.2

Summariess

Class n Vert Sep S.D A/P Mov S.D

I 22 6.2 2.20 0.6 0.84

IZ1 8 7.9 4.10 1.8 1.86

II2 2 5.4 - 0.7 -

III 3 7.0 - 0.2 -

All cases 35 6.5 2.66 0.9 3.90

No significant differences existed between the groups either

in the vertical or horizontal planes.

Incisal positions (vertical and horizontal) for /CI/ sound production.
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Appendix 5

class/ Vert Sep a/p mov Cla,ss/

Subject

Vert Sep a/p

ii/a 4.6 1.1 l/p 4.6 0.3
b 5.0 2,1 g 4.0 0.0

c 3.1 6.6 h 7.0 1.6

d 3.7 2.4 i 2,8 0.0

e 1.5 1.6 j 10.0 0.0

f 8.0 0.0 k 3.0 1.0

g 3.3 2.5 l 4.8 2.9
h 9.2 1.5 m 4*4 2.3

ii2/a 3.4 1.4 k 5.1 1.6

b 5.5 0.0 0 3.0 0.0

iii/a 2.4 0,0 p 2.1 0.0

b 6.8 0.5 q 1.9 0.0

c 6.1 0.0 r 1.4 0.4

1/ a 4.0 1.0 s 2.8 1.0

b 3.5 1.4 t 5.5 0.0

c 0.8 0,4 u 7.0 0.0

i) 1.4 0.0 v 8.5 0.0

e 4.3 0.5

Vert Sep S .D

4.1

4.8

4.4

5.1

4.3

2.29

2.57

2.24

A/? J'Iov

0.7

2.2

0.7

0.2

1.0

S.D

0.74

1.92

1.30

Ko significant differences existed between the groups either

in the vertical or horizontal planes, between Class 11^ and I in
the horizontal plane it was almost significant, .O5^p)f.02.

Incisal positions (vertical and horizontal) for /b/ sound production.
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Appendix 5

N
Class/ Vert Sep A/P Mgv Class Vert Sep a/p

Sub.iect Sub.iect

H-j/A 6.1 0.0 l/P 2.7 0.0

B 4.7 1.8 G 3.4 0.6

C 2.2 5.9 H 9.0 1.2

D 2.5 2.4 I 1.7 0.6

E 2.0 1.2 J 3.3 0.0

F 8.5 0.0 K 2.5 0.0

G 3.5 2.0 L 4.0 3.2

H 5*0 2.0 M 3.5 2.4

ii2/a 3.6 0.6 H 5.2 1.5

B 5.0 0.0 0 3.2 0.0

III/A 2.1 0.0 P 1.7 0.0

B 7.2 0.7 Q 1.5 0.0

C 5.5 0.0 R 2.7 0.0

1/ A 4.6 0.0 s 2.8 1.0

■ B 5.5 1.2 T 5.1 0.0

C 0.3 0.0 U 5.2 0.0

D 0.6 0.0 V 5.7 0.0

E 4.3 0.6

Class n Vert Sep S.I) A/P Mov S.D

I 22 3.5 1.87 0.5 0.84

I3C1 8 4.3 2.25 1.9 1.83

n2 2 4.3 - 0.3 -

hi 3 4.9 - 0.2 -

All cases 35 3.8 1.95 0.8 1.24

No significant differences existed "between the groups either

in the vertical or horizontal planes.

Incisal positions (vertical and horizontal) for /of sound production.
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Appendix

m
Class/ Vert Sep a/.p mov Glass/ Vert Sep a/p
Subject Subject

H-j/A 3*0 0.5 I/P 3.0 0.0

B 4*5 2.4 G 3.4 0.0

G 1*3 5.0 H 1.4 0.0

D 2.5 1.7 1 1.7 0.9

E 1.8 0.9 J 4.1 0.0

F 8.5 0.5 K 3.3 0.0

G 3.7 3.0 L 4.9 3.2

H 7.5 2.0 M 4.4 1.8

II2/A 4.0 1.0 N 2.8 1.2

B 4.7 0.0 0 2.2 0.0

III/A 2.3 OoO P 2.4 0.0

B 6.7 0.4 Q 1.7 0.0

C 5.7 0.0 R 1.0 0.1

1/ A 3.6 0.0 s 2.8 1.0

B 3.3 1.3 T 5.4 0.0

C 1.2 0.5 U 5.2 0.0

D 1.3 0.0 V 3.2 0.0

E 3.0 0,5

Summaries %

Class n Vert Sep S.D A/P Mov S.D

I 22 3.0 1.26 0.4 0.79

ni 8 4.1 2.60 2.0 1.49

n2 2 4.3 - 0.5 -

III 3 4.9 - 0.1 -

All cases 35 3.4 1.71 0.6 1.12

/ No significant differences existed between the groups either

in the vertical or horizontal planes^ between Glasses 1 and 11^
in the horizontal plane it was almost significant, ,05)> P *02.

Incisal positions (vertical and horizontal) for /u/ sound production.
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Appendix 3

/I/
Class/ Vert Sep a/P Mov Class/ Vert Sep A/P

Subject Subject

II1/A.s 4.6 0.3 1/ F 4.3 0.6

B 5.0 2.2 G 3.8 0.0

C 1.6 3.8 H 7.2 1.2

D 3.8 2.0 1" 2.6 0.9
E 2.0 1.5 J 5.1 0.0

P 10.2 2.5 K 3.0 0.3

G 3.7 2.9 L 4.4 3.0
H 5.6 2.0 M 3.7 2.5

VA 4.5 1.2 N 6.2 1.1

B 4.0 0.0 0 2.5 0.0

III/A 1.6 0.0 P 2.0 0.0

B 7.1 0.3 Q 2.5 0.0

C 5.4 0.0 R 0.7 0.3

1/ A 5.0 0.0 S 1.1 0.5

B 4.2 1.9 T 4.8 0.0

C 2.3 0.9 U 4.2 0.0

1) 0.7 0.0 V 1.7 0.0

E 4.4 0.5

Summaries:

Class n Vert Sep S.P ov S.D

I 22 3.4 1.68 0.6 0.84

11*1 8 4.5 2.65 2.1 1.01

II2 2 4.3 - 0.6 -

III 3 4.7 - 0.1 --

All cases 35 3.8 1.95 0.9 1.06

The anterior translation in Class 11^ cases is signific

greater than in Class I, .01> p ).005.

Incisal positions (vertical and horizontal) for /l/ sound production.
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Appendix 5

is/

Class/ Vert Sep A/P Mov Class/ Vert Sep A/P
Subject Subject

ii/a 5.4 1.5 I/F 7.3 1.8

b 11.5 1.5 g 4.8 0.0

c 4.7 4.7 H 7.5 0.9

i) 5.8 2.4 i 3.5 1.8

E 1.8 1.3 j 9.3 0.0

F 7.0 0.0 k 5.2 0.0

g 5.6 2.0 l 5.2 0.5
h 10.0 0.0 m 6.2 0.6

ii2/a 5.7 3.0 n 7,0 1.8

b 6.0 0.0 0 3.5 0.0

iii/a 3.6 0.0 P 6.4 0.0

b 6.2 0.0 q 3.7 0.0

c 6.4 0.0 r 2.5 0.0

1/ a 7.0 0,0 s 3.6 0.0

b 4.7 0.0 t 5.6 0.0

c 3.0 1.2 U 7.5 0.0

D 2.9 0.0 v - -

e 5.5 1.2

Summaries

Class n Vert Sep sjd k/P Mov

I 21 5.2 1.92 0.4 0.65

U1 8 6.4 3.05 1.6 1.47

n2 2 5.8 - 1.5 -

hi 3 5.4 - 0.0 -

All cases 34 5.5 2.18 0.7 1.06

The anterior translation in Class 11^ was just less than being
significantly greater than that of Class I, .05)- .02,

Inclsal positions (vertical and horizontal) for /&/ sound production.
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Appendix 4

Subject 56 Glass II Palatal width 33 .7 mm

a _s I kst I _s 1

No palate (St age 1) n = 5

x 6.9 3.1 3.5 2.8 3.6 3.4 3.9

S.D .80 .44 .51 .26 .20 .20 .49

Palate (accommodated)(Stage 2) n = 5

X 8.4 3.5 3.9 2.9 3.2 3.0 3.8

S.D 1.87 .53 .49 .67 .76 .40 .55

Anterior palatal build up (immediate)

x 7.5 3.3 3.6 2.4 3.2 2.8 3.5

S.D 1.40 1.45 1.43 .69 .71 .73 1.0

Anterior palatal build up (accommodated) Stage 3 n = 5

x 6.3 4.3 4.8 3.8 4.3 4.0 4.8

S.D .11 .82 •49 .26 .31 .31 .26

Pull palatal build up (accommodated) Stage 4 n = 6

X 11.3 6.0 6.2 5.1 5.3 4.8 5.3

S.D 2.20 .61 • 58 .51 .44 .30 .17

Summary

/s/ S.D N S.D /a/ S.D

Stage 1 3.1 .29 3-6 .42 6.9 .80

Stage 2 3.1 .49 3.6 .60 8.4 .84

Stage 3 4.1 .46 4.6 .35 6.3 .11

Stage 4 5.1 .41 5.6 .41 11.3 2.20

ks

3.4

.22

3.3

.33

3.1

.53

4.3

.28

4.7

.22
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Appendix 4

Subject "57 Glass I Palatal width 35.0 mm

a s I kst I _s I ks

No palate (Stage 1) n = 5

x 5.7 3.0 3.4 3.0 3.3 3.1 3.4 3.0

S.D .04 .15 .13 .08 .13 .08 • 13 .22

Palate (accommodated)(Stage 2) n = 5

X 4.2 2.9 3.4 2.8 3.1 3.0 3.0 2.5

S.D .44 .29 • 31 .26 .18 .24 • 33 .38

Anterior palatal build up (immediate) n = 6

x 5.5 3.2 3.7 3.0 3.4 3.2 3.6 3.1

S.D 1.0 .12 .26 .24 • 34 .17 .17 .19

Anterior palatal build up (accommodated) (Stage 5) R = 5

X 4.3 2.8 3.3 2.9 3.5 3.1 3.5 3.1

S.D .26 .91 .38 .40 .26 .38 • 44 .08

Full palatal build uo (accommodated) (Stage 4) n = 5

X 4.8 3.2 3.5 3.0 3.4 3.3 3.7 3.3

S.D .44 '• .15 .20 .09 .09 .19 .24 .15

Summary

Zs/ S.D UJ S.D L2J S.D

Stage 1 3.0 .13 3.3 .13 3.7 .04

Stage 2 2.8 .29 3.1 .26 4.2 .44

Stage 3 2.9 • 31 3.4 .35 4.3 .26

Stage 4 3.2 .13 3.5 .19 4.8 .44
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Appendix 4

Subject 38 Class III Palatal width 35.0 mm

a j3 I kst I _s I ks

No palate (Stage 1) n = 5

X 11.6 5.9 6.1 5.5 5.6 5.4 5.8 5.5

S.D 1.47 .26 .20 .24 .15 • 33 .31 .26

Palate (immediate) n = 5

X 13.4 5.7 6.4 5.3 5.7 5.7 6.2 5.7

S.D 2.45 .53 .26 .24 .22 .22 .26 .26

Pal.ate (accommodated) (Stage 2) n = 5

x 11.5 6.6 6.9 6.2 6.3 6.2 6.5 6,5

S.D 1.45 .44 • 58 .60 .62 .69 . 60 ,60

Anterior palatal build up (immediate) n = 5

X 12.9 7.0 7.7 6.8 7.0 7.0 7.3 6.9

S.D 2,40 .73 .76 .51 .46 • 33 • 53 .42

Anterior palatal build un (accommodated) (stage 3) n = 5

X 9.9 6.6 7.2 6.5 6.7 6.5 6.9 6,2

S.D .53 .26 • 51 .67 .80 .98 .73 .64

Full palatal build up (accommodated) (stage 4) n = 5

X 11.1 6.6 7.4 6.6 7.1 6.8 7.4 6.6

S.D .22 1.07 • 76 .42 .51 .55 .31 .49

Summary

hJ S.D w S.D
: Is/ S.D

Stage 1 5.5 .26 5.8 .22 11 .6 1.47

Stage 2 6.3 .58 6.5 .60 11.5 1.45

Stage 3 6.4 .67 6.9 .69 9.9 • 53

Stage 4 6.6 .67 7.3 .53 11.1 .22
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Appendix 4

Subject 39 Class I Palatal width 32.9 i™

. 1 _s I kst I ks

No palate (S"tage 1) n = 5

X 6.5 1.9 2.4 1.6 1 .8 1.8 2.8 1.3

S.D 1.76 .38 .49 .31 .26 .24 • 33 • 31

Palate (immediate) n = 4

x 7.2 0.6 1.5 0.4 0.7 0.6 2.6 0.3

S.D .42 .33 .87 .26 .29 .35 .49 .13

Palate (accommodated) (stage 2) n = 5

X 8.9 0.2 1.3 0.5 0.9 0.8 2.4 0.04

S.D 1.36 .08 .33 .46 .51 .51 .89 .08

Anterior palatal build up (accommodated) (Stage 3) n = 5

X 7.4 0.8 2.6 1 .0 1.4 1.0 3.6 0.7

S.D I.36 .15 .58 .29 .19 0.0 .38 .13

Pull palatal. build up (accommodated) (St;age 4) n - 5

X 8.7 1.3 3.2 1.4 1.9 1.2 4.1 1.4

S.D .84 .46 .19 .22 .42 .26 .84 1.34

Summary

hi S.D III S.D LsJ S.D

Stage I 1.6 • 31 2.3 • 35 6.5 1.76

Stage 2 0.4 • 33 1.1 .62 8.9 1.36

Stage 3 0.8 .15 2.5 .40 7.4 1.36

Stage 4 1.3 .71 3.0 .53 8.7 .84
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Appendix 4

Subject /}0 Class II • Palatal width JO.O mm

a s_ 1 kst I _S I

No palate (Stage 1) n = 6

X 7.5 0.5 1.4 0.3 0.8 0.4 1.1

S.D 1.86 .61 .22 .19 .16 .13 .19

Palate (accommodated) (St a/re 2) n = 6

X- 7.4 0.6 1.2 0.3 0.8 0.3 0.8

S.D 2.10 .13 .63 .13 .16 .12 .07

Anterior palatal build up (immediate) n = 8

X 6.9 0.8 1.4 0.5 0.7 0.3 1.1

S.D 2.20 .50 .65 .45 .25 .28 .36

Anterior palatal build up (accommodated) (Stage 3) n = 6

X 4.5 0.8 1.3 0.5 0.8 0.6 1.3

S.D 1.44 .48 .31 .46 .53 .56 .31

Full palatal build up (immediate) n = 6

x 5.1 1.2 1.9 0.5 1.0 0.7 1.8

S.D 1.32 .56 .56 .29 .31 • 31 .44

Full palatal build up ( acc ommodat ed ) (S tage 4) n = 5

x 7.7 1.4 2.0 1.0 1 .2 0.9 1.9

S.D .87 .20 .53 .11 .19 .22 • 33

Summary

Zs/ S.D HJ S.D IsV S.D

Stage 1 0.4 • 34 1.1 .19 7.5 1.86

Stage 2 0.4 .13 0.9 .36 7.4 2.10

Stage 3 0.6 • 39 1.1 .39 4.3 1.44

Stage 4 1.0 .4 5 1.7 .35 7.7 .87

ks

0.6

.22

0.4

. 16

0.4

.28

0.5

.22

0.7

.16

1.0

.11
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Appendix

Subject 41 Class I Palatal width 38 mm

a s I kst 1 _s 1

No palate (Stage 1) n = 7

x 5.0 0.9 1.2 0.9 1.2 1.0 1.3

S.D 1.29 • 31 .18 .18 .10 .07 .05

Palate (immediate) n = 8

X 6.1 0.6 1.0 0.9 1.0 0.9 1.2

S.D 1.27 .33 .08 .16 .14 .08 .18

P alat e (acc ommodat ed) (Stage 2) n = 8

x 5-7 0.4 1 .2 0.7 1.2 0.7 0.9

S.D .98 .16 .14 .28 .14 .31 .25

Anterior palatal build up (immediate) n = 5

X 9-7 1.7 2.1 1 .8 2.1 2.0 2.2

S.D 2.0 .13 .19 .15 .20 .13 .04

Anterior palatal build up (accommodated) (Stage 3) n = 6

X 6.1 1.1 1.8 1.3 1.9 1.4 2.0

S.D .71 .22 .39 .17 .31 .09 .12

Full palatal build up (accommodated) (Stage 4) n = 8

X 6.5 1.3 1.8 1.6 1.9 1.5 1.8

S.D .96 .31 • 33 .27 .29 .14 .16

Summary

hJ S.D LU S.D la/ S.D

Stage 1 0.9 .18 1.2 .10 5.0 1.29

Stage 2 0.6 .22 1.1 .18 5.7 • 98

Stage 3 1.3 .14 1.9 .28 6.1 .71

Stage 4 1.4 .20 1.8 .24 6.5 .96

ks

0.8

.13

1.0

.12

0.7

.12

2.0

.06

1.4

.17

1.5

.12
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Appendix 4

Subject 42 Class I Palatal width 38.7 mm

£

\

I kst I_ s_ I

No palate (Stage 1) n = 6

X 9.1 0.2 0.7 0.4 1.3 O.4 2.0

s.D 1.34 .07 .65 .41 .61 .39 .58

Palate (accommodated) (Stage 2) n = 8

X 9.0 0.6 2.5 1.1 2.4 1.1 2.6

S.D 1.66 .11 .67
.

.48 • 93 • 53 .36

Anterior palatal build up (immediate) n - 6

x 9.7 2.0 4.2 3.3 4.7 3.3 3.6

S.D 2.62 .51 .46 .44 • 58 .49 ;22

Anterior palatal build up (acccmmodat ed) (Stage 3) n = 5

X 9.5 1.4 3.3 2.5 4.1 2.7 3.5

S.D 1.02 .76 .71 .53 1.11 1.02 .82

Pull palatal build up (immediate) n = 7

x 9.8 1.9 3.5 2.4 4.1 2.3 3.1

S.D 1.61 .71 .47 ,68 .71 .58 .74

Full palatal build up (accommodated) (stage 4) n = 7

X 9.8 0.8 2.4 1.5 2.7 1 .8 2.8

S.D 1.87 .42 • 55 .60 .82 .50 1.03

Summary

hi S.D HI S.D HI S.D

Stage 1 0.5 .29 1.3 .61 9.1 1.34

Stage 2 0.8 .36 2.5 .67 9.0 1.66

Stage 5 1.9 .73 3.6 .89 9.5 1.02

Stage 4 1.1 .47 2.6 .82 9.8 1.87

ks

0.3

.12

0.7

.25

1.5

.61

1.0

.51

1.5

.92

0.6

.37
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Appendix 4

Subject 43 Class 11^ Palatal width 35. 4 mm

a s I kst I B I ks

No palate (stage 1) n = 7

X 7.1 2.9 3.7 3.0 3.4 2.9 4.1 3.3

S.D 2.09 .15 .02 .17 .29 .29 .39 .37

Anterior palatal build up (immediate) n = 8

x 13.5 2.7 4.3 2.5 3.7 2.6 4.4 3-3

S.D 2.12 .65 .48 .50 .73 .62 .84 .62

Anterior palatal, build up (accommodated) (Stage 3) n = 6

x 8.3 4.9 6.0 4.7 5.6 4.8 6.3 5.1

S.D 3.1S .39 .93 .48 .46 .29 .53 .48

Full palatal build up (accommodated) (Stage 4) n = 6

X 8.3 5.1 5.8 4.8 5.6 4.8 6.2 5.0

S.D 2.10 .48 .24 .44 .31 .19 .41 .44

Summary

hJ S.D UJ S.D 13/ S.D

Stage 1 3.0 .26 3.7 .26 7.1 2.09

Stage 3 4.8 .41 5.9 .66 8.3 3.18

Stage 4 4.9 .39 5.8 .31 8.3 2.10
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Appendix /I

Subject A4 Class I Palatal width 54.9 mm

a _s I_ kst I s I ks

No palate (Stage 1) n = 6

X 8.5 1.6 2.1 1.4 1.8 1.5 2.1 1.1

S.D .95 .26 .31 .19 .22 .17 .19 .36

Palate (accommodated) (Stage 2) n = 6

X 8.6 1.7 2.8 1.8 2.8 2.2 3.3 1.7

S.D 2.20 .31 .41 .19 .39 .14 ,17 ,58

Anterior palatal build up (accommodated) (stage 5) n = 6

X 13.7 2.9 4.5 3.'' 4.3 3.8 5.8 2.4

o.D 3.42 .36 .26 .31 .41 . .31 »58 .58

Full palatal build up (accommodated) (stage 4) n = 6

X 13.6 3.3 4.9 3.1 3.9 3.6 5.9 3.0

S.D 1.95 .41 .66 .14 .26 .44 .31 .75

Summary

bJ S.D jjJ S.D bl S.D

Stage 1 1.4 .24 2.0 .24 8.5 .95

Stage 2 1.8 .33 4.8 • 33 8.6 2.20

Stage 3 3.0 .39 4.8 .44 13.7 3.42

Stage 4 3.2 .49 4.9 .44 13.6 1.95

- XXX -



Appendix 4

Sub.ieot 45 Class II.
— 1

Palatal width 56.4 mm

a JS I kst I _s I ks

No palate (Stage 1) n = 6

x 5.9 0.7 1.6 0.7 1.0 0.7 2.5 1.0

S.D 1.91 .12 .22 .14 .14 .14 .55 .19

Palate (accommodated) (Stage 2) n = 6

X 5.8 0.7 1.9 0.9 1.2 0.8 5.6 0.7

S.D 1.42 .29 .56 .61 .17 .17 .58 .22

Anterior palatal build xip (immediate) n = 7

X 7.1 1.7 5.4 2.0 2.2 2.1 4.4 2.1

S,D 1.66 .45 .84 .44 .47 .60 .60 • 47

Anterior palatal build up (accommodated) (Stage 5) n = 5

X 5.7 1.1 5.1 1.4 1.6 1.4 5.4 1.5

S.D .89 .55 .49 .26 .29 .15 .44 .51

Full palatal build up (immediate) n = 6

X 4.0 0.5 2.2 1.1 1.5 0.5 2.8 0.6

S.D 1.10 .51 .75 .55 • 55 .22 .61 .41

Full palatal build up (accommodated) (Stage 4) n = 6

X 4.0 0.9 5.7 1.0 1.5 0.8 5.5 1.1

S.D .95 .44 1.64 .46 .49 .55 .75 .41

Summary

bJ S.D lu S.D bJ S.D

Stage 1 0.7 .14 1.6 ♦ 55 5.9 1.91

Stage 2 0.7 .55 2.2 .46 5.8 1.42

Stage 5 1.5 .26 2.7 .55 5.7 .89

Stage 4 0.9 .46 2.8 1.05 4.0 .95
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Appendix A

Subject 46 Class 11^ Palatal width 33. 5 mm

13 S. I kst I s I ks

No palate (Stage 1) n = 6

X 7.1 4.1 4.5 4.3 4.6 4.2 4.5 4.1

S.D .88 .19 .29 .24 .17 .19 .29 .29

Palate (accommodated) (Stage 2) n = 5

X 8.1 4.3 4.7 4.4 4.7 4.3 4.7 4.2

3.D 1.09 .29 .33 .15 .20 .33 .29 .33

Anterior palatal build up (immediate) n = 5

X 8.7 4.4 4.6 4.2 4.6 4.3 4.7 4.1

S.D 1.25 .13 ,08 .19 .26 .33 .42 .13

Anterior palatal build up (accommodated) (stage 3) n = 5

X 8.6 3.9 4.0 3.9 4.2 3.8 4.4 3.7

S.D .29 .13 ,26 .22 .26 .29 .40 .31

Full palatal build up (accommodated) (Stage 4) n = 5

X 8.0 3.6 3.9 3.6 4.1 3.5 4-3 3.5

S.D .29 .08 .20 .08 .26 .33 .31 .15

Summary

hJ S.D UJ S.D H S.D

Stage 1 4.1 .22 4.5 .24 7.1 .88

Stage 2 4.3 .26 4.5 .26 8.1 1.09

Stage 3 3.8 .22 4.2 .31 8.6 .29

Stage 4 3.6 .19 4.1 .24 8.0 .29
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Appendix 4

Subject 47 Class III Palatal width 24.8 mm

a _s _I kst X I ks

No palate (stage 1) n = 5

X 9.0 4.5 4.7 3.3 3.4 3.3 5.5 3-4

S.D .44 .29 .46 .67 .76 .62 .67 .44

Palate (accommodated.) (Stage 2) n = 5

X 8.4 5.0 5.1 4.2 4.3 4.1 5.3 4.1

S.D .89 .49 .37 .33 .26 .19 .31 .06

Full palatal build up (immediate) n = 5

X 11.0 5.1 5.8 4.8 4.8 4.4 6.6 3.8

S.D .69 .53 .51 .46 .51 .26 .33 .35

Full palatal build up (accommodated) (Stage 4) n = 5

X 9.1 4.1 4.4 3.1 3.0 2.8 5.5 2.9

S.D .84 .64 .84 .89 .64 .69 .51 .33

Summary

hJ S.D LU S.D 12/ S.D

Stage 1 3.6 .51 4.5 .62 9.0 .44

Stage 2 4.3 .29 4.9 .29 8.4 .89

S^a^e 4 3.2 .55 4.3 .67 9.1 "3"CO•
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Appendix A

Subject 48 Class I Palatal width 33-9 imm

a _s I kst I s_ 1 ks

No palate (Stage 1) n = 6

X 5.0 1.1 1.9 1.1 1.4 1.1 2.9 1.0

S.D 1.02 .14 .19 .14 .22 .29 .78 .29

Palate (accommodated) (Stage 2) n = 6

X 7.6 0.4 1.1 0.1 0.3 0.1 1.6 0.3

S.D 1.95 .24 .07 .07 .17 .09 .19 .24

Anterior palatal build up (immediate) n = 6

X 7-9 0.4 1.1 0.1 0.5 0.3 1.5 0.7

S.D 2.25 .26 .17 • 19 .22 .24 • 33 • 19

Anterior palatal build up (ac c ommod ated) (Stage 5) n = 10

X 12.0 0.2 1.5 0.2 0.7 0.4 3.0 1.0

S.D 1.51 .28 .34 .25 • 37 .41 .98 .79

Full palatial build up (immediate) n = 6

X 15.1 1.0 2.5 0.7 1.2 0.7 2.1 0.9

S.D 1.22 .80 1.0 .49 .53 .39 .97 .33

Full palatal build up (accommodated) (stage 4) n = 9

X 12.5 0.8 2.4 0.3 1.4 1.0 3.5 1.3

S.D .97 .48 • 57 • 33 .69 .60 .04 .45

Summary

hJ S.D LkJ S.D LsJ S.D

Stage 1 1.1 .22 2.0 .46 5.0 1 .02

Stage 2 0.2 • 17 1.0 .14 7.6 1.95

Stage 3 0.2 .47 1.7 .63 12.0 1.51

Stage 4 0.8 .45 2.4 .69 12.5 .97
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Appendix 4

Sub.iect 49 Class I Palatal width 32.0

a s_ I kst 1 _s I

No palate (Stage 1) n = 5

x 4.1 0.1 0.6 0.1 0.4 0.1 0.6

S.D 1.05 .08 .20 .04 .26 .04 .19

Palate (accommodated) (stage 2) n = 5

x 7.4 0.5 0.9 0.5 0.9 0.5 1.1

S.D 1.11 .11 .22 .11 .31 .08 .35

Anterior palatal build up (immediate) n = 5

x, 11.0 o«5 0.8 0.3 0.8 0.4 0.8

S.D .69 .35 .44 .22 .35 • 33 .60

Anterior palatal build up (accommodated) (Stage 3) n = 5

X 6.5 0.8 1.3 0.8 1.6 0.9 1.5

S.D I.67 .04 .08 .08 .24 .15 .31

Full palatal build up (immediate) n = 5

X 6.5 0.2 0.5 0.1 0.6 0.1 0,9

S.D 1.22 .11 .33 .06 ,46 .06 • 33

Full palatal build up (accommodated) (Stage 4) n = 5

x 5.4 0.7 0.9 0.5 1.1 0.6 1.0

S.D .60 .19 .08 .15 .26 ,22 .22

Summary

h/ S.D
.

UJ S.D Za/ S.D

Stage 1 0.1 .04 0.5 .20 4.1 1 .05

Stage 2 0.5 .08 1.0 .29 7.4 1.11

Stage 3 0.8 .08 1.4 .22 6.5 1 .67

Stage 4 0.6 .17 1.0 .20 5.4 .60

ks

0.1

.04

0.5

.08

0.3

.24

0.7

,08

0.1

.06

0.5

.20
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Appendix 4

Subject 50 Class I Palatal width 27.8 mm

a _s I k.st _I s. _I ks

No palate (Stage 1) n = 7

X 6.4 0.7 1.9 0.8 1.1 0.8 2.5 1.4

S.D 1.05 .25 .42 .25 .21 .29 .26 .29

Palate (accommodated) (Stage 2) n = 8

X 15.9 0.6 2.5 0.9 1.1 0.9 4.1 1.5

S.D 2.77 .14 .59 .19 .28 .51 1.10 .28

Anterior palatal build up (accommodated) (stage 5) n = 7

X 10.5 0.2 2.0 0.4 0.6 0.2 5.0 0.6

S.D 2.69 .21 .52 .18 .54 .26 .52 .05

Full palatal build up (accommodated) (Stage 4) n = 7

X 15.8 0.0 1.6 0.7 0.9 0.4 5.8 0.6

S.D 4.15 .10 .58 .21 .42 .18 .84 .21

Summary

hJ S.D LU S.D 13/ S.D

Stage 1 0.9 .26 1 .8 • ro vo 6.4 1.05

Stage 2 0.9 .22 2.5 .73 15.9 2.77

Stage 3 0.5 .18 1 .8 .44 10.5 2.69

Stage 4 0.4 .15 2.1 .65 15.8 4.15
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Appendix /|

Subject 51 Glass I Palatal width 27.5 r|™

a _s I_ kst I_ _s I ks

No palate (Stage 1) n = 5

X 10.6 0.0 0.1 0.1 0.1 0.0 0.2 0.0

S.D. 2.45 .20 .11 .11 .22 0.0 .20 .0

Palate (accommodated) (Stage 2) n = 5

X 5.8 0.2 0.2 0.0 0.0 0.0 0.2 0.0

S.D 1 .29 .17 *49 .04 .00 .00 «13 .00
Anterior palatal, build up (accommodated) (Sta.de 5) n = 5

X 7.8 1.6 2.0 1.0 1.6 1.1 2.0 1.3

S.D 2.01 .82 .84 .24 .15 .15 ..04 .60

Fp.il palatal build up (accommodated) (Stage 4) n = 6

X 8.0 0.1 0.2 0.0 0.0 0.0 0.2 0.0

S.D 1 .27 ..17 .35 .00 .17 .00 .26 .00

Summary

hJ S.D W S.D Za/ S.D

Stage 1 0.0 .11 0.1 • 29 10.6 2.45

Stage 2 0.0 .08 0.1 .29 5.6 1.29

Stage 3 1.2 .42 1 .8 .46 7.8 2.01

Stage 4 0.0 ..08 0.1 .26 8.0 1 .27
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