
1?, \t.cR

t

The Effect of Myofunctional Therapy in

Anterior Open Bite Patients

Measured by Electropalatography

A S Cayley

Submitted in partial fulfilment of the

Degree of Master of Dental Surgery

University of Adelaide

1998



sluoluoct



CONTENTS

1.1 Table of Contents

1. Contents

1.1 Table of Contents.

1.2 List of Tables.......

1.3 List of Figures......

2. Abstlact

3. Acknowledgements..............

4. Introduction & Aims............

4. 1 Introduction..........

4.2 Aims...

4.3 Null hypotheses...

5. Literature Review

5.1 Anterior open bite

5.2 Tongue thrust.......

6. Materials & Methods..............

6.1 Introduction.

6.2 Sample

6.3 Plate construction.................

6.4

6.5

6.6

6.7

6.8

First electropalatoglaphic (EPG) recording.........

Tongue re-education therapy

Second electropalatographic (EPG) recording ....

Analysis

Assessment of reproducibility

2

5.3 Relationship between anterior open bite & tongue thrust

5.4 Measurement of tongue function

5.5 Corrective therapy

1

4

9

T2

13

t4

..t4

15

t6

..29

..38

..39

..42

..44

..................45

..................46

46

51

..53

..54

..................54

..................54

..................6 1



CONTBNTS

7. Results..

7.1 Introduction..

7.2 Tongue re-education therapy report.........

7.3 Radiographic error study.

7.4 Control & pre-therapy cephalometric data............

7 .5 Pre- & post-therapy cephalometric data................

7.6 Control & pre-therapy electropalatographic data..

7 .7 Pre- & post-therapy electropalatographic data......

8. Discussion..

9. Principal Findings..

10. Appendices ...........

10.1 Appendix 1.'Word list used for EPG recording sessions...

10.2 Appen dix 2. Phonetic notations...

10.3 Appendix 3. Individual cephalometric values

10.4 Appendix 4. Palatograms summarising EPG data.

11. References..

3

..62

,.63

..64

..66

..68

..73

..79

104

..............154

..............155

..............r57

..............158

t28

150

r62

172



CONTENTS 4

1.2 List of Tables

Table 1

Tabte 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Table 11

Table 12

Table 13

Table 14

Table 15

Table 16

Table 17

Table 18

Table 19

Table 20

Table2I

Plevalence of anterior open bite reported in the literature

Brauer & Holt's classification of tongue thrust......

Tulley's classification of tongue thrust

Prevalence of tongue thrust swallow by age

Cephalometric landmarks used & their definitions

Angular & linear measurements used in cephalometric analysis............

Subset of closules subjecæd to detailed analysis

Classification & description of closures selected for analysis................

Words selected for analysis................

Time elapsed between first EPG recording, tongue re-education
therapy visits & second EPG recordit g ............

Results of cephalometric error study.........

Means & standard deviations of cephalometric variables for
control group & experimental group befole therapy.....

Means & standald deviations of cephalometric variables for
experimental group before & after therapy

Closure frequency of control group (by frequency)............

Closule frequency of expelimental group before therapy (by
frequency)

Closure frequency for control group & experimental group before
therapy (by closure type).........

Mean durations of selected closurcs for control group &
experimental group before thelapy......

Mcan ANR of selected closures for control group & experimental
group before therapy

Mean closure indices of selected closures for control group &
experimental group before thelapy......

Mean ANR of selected words for control group & experimental
group before thelapy .............;....

Mean ANR of saliva & water swallows for control group &

18

29

30

31

48

49

58

59

60

65

67

72

78

82

83

84

86

90

94

96

experimental gloup befole therapy.... t02



CONTENTS

Table 22 Closure frequency of experimental group before therapy (by
frequency)

Table 23 Closure fi'equency of experimental group after thelapy (by
frequency)

Table 24 Closure frequency for expetimental group before & after therapy
(by closure type).........

Table 25 Mean durations of selected closurcs for experimental group before
& after therapy......

Table 26 Mean ANR of selected closures for experimental group before &
after thelapy................

Table 27 Mean closure indices of selected closures for experimental group
before & after therapy

Table 28 Mean ANR of selected words for experimental group before &
after therapy................

Table 29 Mean ANR of saliva & water swallows for experimental group
before & after therapy

5

r07

108

111

..115

..118

..tzt

125

Table 30 Means & standard deviations of U1-SN & IIA from University of
Iowa growth study & present study.........

Table 31 Mean values & standard deviations of soft tissue variables for
control group & experimental group before & after therapy.... 132

Table 32 Mean duration & ANR values for control & experimental group
subjects before thelapy for ltfl e.leJ closures

Table 33 Mean dulations of voiced & voiceless closure pairs for control
gloup & experimental group before & after therapy..... .........142

Table 34 Mean ANR fbl all swallows for allgroups.... 148

Table 35 Phonemes & IPA symbols used tbr notation of closures .......I57

Table 36 Individual cephalometric values for control group subjects 159

Table 37

Table 38

Individual cephalometric values for expedmental group subjects
befole therapy......

Individual cephalometric values for expedmental group subjects

160

L6t



CONTENTS

1.3 List of Figures

Figure 1 Cephalometric landmarks with linear & angular measurements....

Figure 2 EPG plate....

Figure 3 Palatograms with mean duration values in milliseconds for 8
selected closures fol control & pre-therapy experimental groups..

6

Figure 4 Palatograms & mean ANR values for 8 selected
control & pre-therapy experimental groups .......,

closures for

50

52

87

9r

97

99

Figure 5 Palatograms & mean ANR values for 'desk', 'measure', 'tooth',
'tune' &'zip' for control & pre-therapy experimental groups ........

Figure 6 Palatograms & mean ANR values for 'box', 'castle', 'chain',
'dredger', 'clock' &'Ieg' for control & pre-therapy experimental
groups

Figure 7

Figure 8

Palatograms & mean ANR values for saliva & water swallows for
control & ple-therapy experimental groups ...............

Palatograms with mean duration values in milliseconds for 8
selected closurcs for experimental group before & after therapy.......

..r02

..112

..116
Figure 9 Palatograms & mean ANR values for selected closures for

experimental gloup before &. after thelapy

Figure 10 Palatograms & mean ANR values for 'box', 'slipper', 'desk',
'dt'edget', 'team', 'tune', 'joke', 'nose' & 'thong' for experimental
group before & after therapy....

Figule 11 Palatograms & mean ANR values for saliva & water swallows for
experimental group subjects before & after therapy

Figure 12 Palatograms & mean ANR values for 'chain', 'dredger' & 'clock'
fì'om control group & experimental group before & after therapy.....

Figure 13 Palatograms for lW e. /{/ closures from control & pre-therapy
experimental groups ...

Figure 14 Palatograms fbl words containing the /s/ phoneme for control &
pre-thelapy expedmental gloups......

Figure 15 Palatograms & mean ANR values for ltJ,lnl,lfl,lül,lW & lgl for
control group & experimental gloup before therapy.....

Figure 16 Palatograms & mean ANR values for saliva & water swallows for
control group & experimental group before & after therapy

r22

r31

.r25

r39

r40

r44

147



lcerlsqv 'z



AssrnRcr

Anterior open bite (AOB) and tongue thrust swallowing are frequently associated, but

the relationship between the two remains unclear. Anterior tongue posture may prevent

the eruption of the anterior teeth, and myofunctional therapy (MFT) is often prescribed

for the correction of tongue thrust swallowing, with the expectation that AOB will

reduce spontaneously if a more posterior tongue posture is learned. However, the

effectiveness of MFT has not been subjected to systematic evaluation.

Electropalatography (EPG), which is widely used in speech pathology to measure

dynamic tongue function for diagnostic, therapeutic and research purposes, is a suitable

technique for the assessment of MFT.

This plospective clinical study examined dento-facial patteln and tongue function in

AOB and non-open bite children, and assessed the effect of tongue re-education therapy

on dento-facial form and tongue function in AOB patients. EPG recordings of speech

and swallowing, and lateral head radiographs were obtained from 8 ten year old boys

with tongue thrust swallowing behaviour and AOB, and 8 age matched non-open bite

controls.

Analysis of data from the two gloups indicated that although diff'erences were small, the

open bite children displayed tlends for longer face morphology and greater upper

incisor proclination, less consistent production of closures during speech, a more

posterior pattern of EPG contact, and relatively sparse EPG contact during swallowing.

Comparison of the conclition of the AOB children before and after a course of tongue

te-education therapy showed little cephalometric change, but there was some evidence

of a trend for upper and lower inci.sor etuption, with concomitant reduction of the AOB'

A trend for more consistent, and more anterior pattern of EPG contact after therapy was

also found. After therapy, the experimental children more closely resembled the

controls, implying that the therapy was at least partially successful.

8
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INTRODUCTION &

4-1 lntroduction

Anterior Open Bite (AOB) and fronted tongue posture are frequently associated, but

despite much work the relationship between the two is not completely understood

(Proffit, 1993: Proffit & Ackerman, 1994). Although in the past tongue thrust was

thought to be the main ætiological tactor in many AOB cases in young children, more

recent evidence suggests that tongue thrust swallowing is an adaptation to open bite

rather than its cause (Proffit, 1993).

The effect of difïerent ofthodontic and non-orthodontic treatment modalities on AOB,

fronted tongue posture, and speech have not been clearly established. Further

investigation into the et'tects of treatment on these conditions would be beneficial, and a

reproducible method of measurement of tongue activity is necessary to assess such

change.

The intra-oral measurement of tongue position duling function is extremely difficult.

Currently available measurement techniques are either limited to being able to record

static rathet than dynamic intbrrnation, such as the early 'wipe-off' palatograms, or

interfere with f'unction, as with electropalatography (EPG). In this technique an acrylic

palatal baseplate fitted with a number of electrodes is used to record the location and

timing of tongue contacts with the hard palate (or, more accurately, the acrylic

baseplate) during continuous speech (Hardcastle et a1..,1991a).

Another study is already in progless within the department to assess the suitability of

EPG for the measutement of tongue function in a group of 8 non-open bite patients. To

extend this work it is proposed that a firther study should be undertaken, using similar

equipment and methoclology to assess a group of 8 AOB patients treated with

swallowing re-education therapy, and to compare the lesults betble and aftel therapy

with those fiorn the non-open bite control group. The combination of the two studies

will:

compare tongue function in open bite and non-open bite patients.

assess the effect of swallowing re-education therapy on tongue function.

produce a core of experirnental data for f'uture research using this technique

a

a
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4-2 Aims

The aims of this project are therefble to:

o to review the published literature lelating to AOB, tongue thrust, and EPG.

o to recruit a sample group of 8 children with AOB and tongue thrust.

o to assess each child clinically, radiographically, and with EPG before and after a

course of swallowing re-education therapy to âssess the ef'fect of the therapy on

tongue function.

. to examine the finclings from the control group with findings before and after

swallowing re-education therapy to compare tongue function in open bite and non-

open bite patients.

o produce a cote of experirnental data for future research.

4.3 Null hypotheses

The null hypotheses under test are that:

o no differences in tongue function will be found between children with clinical

anterior open bite and children with notmal anterior occlusion.

o no clifferences in tongue function will be found between children with clinical

anterior open bite betbre and after a course of swallowing te-education therapy.



5. Literature Review



LITERATURE REVIEW 16

5.1 Anterior open bite

5.1.1 Fea.tures

Anterior open bite is defined by Moyers as the failure of the teeth to meet antagonists in

the opposite arch (Moyers, 1988). Patient selection criteria for studies of anterior open

bite (AOB) have differed, and some of these are set out below:

o

o

a

the absence of contact between the maxillary and mandibular incisors in centric

telation (Worms et o1.., l97I).

a definite lack of contact, in the vertical direction, between opposing segments of

teeth (Subtelny & Sakuda, 1964).

the dental relationship for which the vertical overlap between the central incisors is

less than 0.0mm, measuled perpendicular to the palatal plane (Wardlaw et al.,

1992).

a lineal distance greater than 3mm from the incisal edge of the most anterior

mandibular incisor to the contact point of the opposing hard tissue structure

projected along the long axi.s of the mandibular incisor, measured from a lateral

head radioglaph (Lopez-Gavito et al., 1985). HoweveL, this is not a reliable

indicator of the prcsence or extent of AOB; a deep bite with a large antero-posterior

discrepancy can produce the same situation. Furthermore, inclined incisors can

intlate the extent of the vertical discrepancy (Katsaros & Berg, 1993).

o

. the vertical clistance between the incisal edges of the upper and lower incisors with

posterior teeth in the retruded contact position (O'Brien, 1994).

From a leview of the litelature (Lopez-Gavito et aI., 1985) a partial list of features

associated with AOB was compiled, including:

excessive gonial, mandibular and occlusal plane angles

decreased palatal plane angle.

srnall mandibular body and ramus.

increased lower antedor face height.

decreased upper anterior face height.

shorter nasion-basion distance.

O

a

o

O

a

a



a

o
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o

a

rctrusive mandible

increased anterior and decreased posterior face height.

Class II tendency.

divergent cephalometric planes.

o steop anterior cranial base.

These features ale widely reported in the literature (Subtelny & Sakuda, 1964; Gellin,

1966; Worms et al.,I97I Klechak et aI.,l9l6: Fränkel & Fränkel, 1983; Haymond ø/

al-,I99I; Kuster & Ingervall, 1992). Several othel f'eatures of AOB have also been

rcported, including:

increased rraxillary vertical dento-alveolar dimensions (Subtelny & Sakuda, 1964;

Lopez-Gavito et a1,.,1985; Haymond et al., L99I: Mason, 1994)-

increased molar and incisor eluption (Subtelny & Sakuda, 1964; Worms et aI.,

l97I Rönning et a1.,1994).

thinner, longer alveolal processes (Subtelny & Sakuda, 1964)

increased incidence of temporo-mandibular disorder (Pullinger et aI-, 1993)

invariable presence of tongue thrust swallowing (Proffit & Ackerman,7994).

o shorter upper incisor roots with increased apical resorption, and less facial bony

support in the upper anterior tegion (Harris & Butler, 1992).

o increased vertical ailway length (Pae et al.,l99l).

As mentionecl above, dento-alveolar compensation is a recognised feature in patients

with AOB. Marked clento-alveolar compensation can produce a normal overbite in

patients who have a skeletal open bite pattern, and such people may therefore have

normal speech ancl tongue lïnction. Many individuals with AOB who seek treatment for

abnormal function are those who cannot adapt their muscular function sufficiently to

compensate fbr their open bite defbrmity (Turvey et uL.,I976).

5.1-2 Prevalence

The prevalence of anterior opelt bite reported in various sample populations is

reproduced in Table 1. There is bload agreement that AOB occurs in less than 57o of

children, with the notable exceptioll that black Ametican children have a much higher

prevalence of AOB than their white compatliots (Proffit & Mason, I975: Proffit

a

a

a

o
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Table 1 Prevalence of anterior open bite reported in the literature

Author Prevalence (%) Age (Years) Sex

Korkhaus, 1928 (Worms et al., 1971)

Mills, 1966

Helm, 1968

Tulley,'1969

Roder & Arend, 1972

Kelly, 1973 (Proffit & Mason, 1975)

Kamp,1991

O'Brien, 1994

4.2

2.5

4.2

7.6

2.3

1.8

0.6

3.51

2.33

1.27

3.1 5

3.25

2.73

5.7

1.4 (white)

e.6 (black)

2.3

4

3

2

3

6

14

8- 18

8 - 18

6-18

6- 18

11

3

3

4

4

5

5

6- 11

6-11

6- 11

< 4.5

I
10

11-14

15

d &g

d &9

d

I
d

I

d &9

d

I
d

I
d

I

d &9

d &g

d &9

d &g

d &9

d &9

d &9

d &9
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& White, 1991). Variation in reportecl prevalence may reflect the numerous definitions

and criteria used in epidemiological studies of AOB (Subtelny & Sakuda, 1964). No

clear trend fbr a ditference in prevalence of AOB between the sexes has been reported

(Roder & Arend, 1972).

Prevalence reduces markedly between 7 and 9 years of age because of the eruption of

the permanent incisors, and again between 10 and 12 years of age as a result of skeletal

growth, transition to the petmanent dentition, and maturation of the swallowing reflex.

Approximately 80Vo of AOBs correct spontaneously during this period (Worms et al.,

t97t).

Very high prcvalences of AOB in Duchenne's muscular dystrophy (57.l%o) and in other

myopatlries (14.3%,) have been reported (Ertürk & Dogan, 1991), and the anomaly is

also common in Down's syndrome (Scully & Cawson, 1993) and Beckwith-Wiedemann

syndlome (David et al-,1987).

5.1.3 ,4Ûtiol.ogy

The ætiology of anterior open bite (AOB) remains uncertain (Pae et ril.,1997), although

it is recognisecl to be rnultifactorÌal (Ricketts, 1968; Haymond et aI.,I99L; Arat & Iseri,

1992: Haydar & Enacar, 1992; Proffit, 1993; Noar ¿/ cLl., 1996), with a complex

interaction between the various contlibutory ætiological factors (Subtelny & Sakuda,

1964). These lactors may be diviclecl into several categories, and these are leviewed

below.

D ev e I o p m.e nt cLI .fac t o r s

Ag,

Although the pattern of vertical growth is thought to be established early in post-natal

life (Toulne, 1990), the prevalence of AOB reduces with age, as does the prevalence of

non-nutritive ,sucking habits (Fields, 1993). The age gladient is said to be an important

factor in open bite malocclusion (Subtelny & Sakuda, 1964).

Growth de.ficiency

AOB is of-ten associated with long face morphology (Kuster & Ingetvall,1992), and an

unfavourable growth pattern has been cited as a cause of AOB (Subtelny & Sakuda,

1964; Gellin, 1966; Arat & Iseri, 1992). Hellman suggested that the primary cause of

AOB is skeletal defìciency, although as he noted, the percentage of self-conecting AOB

patients was equal to the percentage cor'rccted by active tl'eatment (Worms et aI.,I97I),

implying that treatment conf-erred little, if any, benetit. 'Worms et al. also cite Björk's
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work, which state.s that if anterior and posterior mandibular growth are not equal,

mandibular rotation, and AOB may result (Björk, 1969). Excessive eruption of posterior

teeth predisposes any individual to AOB, and downward posturing of the mandible and

tongue can allow excessive posterior eruption (Proffit, 1993).

Genetic influences

Craniometric, oL skeletal variables have high heritability, whereas almost all occlusal

variability is acquired (Haruis & Johnson, 1991), implying that the ætiology of AOB can

be genetic or environmental. Many authors describe a strong genetic influence over

AOB (Proffit & White, l99I; Hayclar & Enacar, 1992: Proffit, 1993), however, if Harris

and Johnson are correct the repolted alterations in tongue function following closure of

AOB (Subtelny, 1965; Turvey etal.,1916;Proffìt&Mason, 1975) shouldnotoccur

unless the sott tissues are not amenable to adaptation.

D ev elo pm.ent al. a no m.ø Ii e s

Although AOB is commonly fbund with developmental anomalies such as Beckwith-

Wiedemann and Laband syndromes, the ætiological mechanism is unknown (David e/

al.,l98l; Pullinger et o1.,1993; Chadwick et u\.,1994).

Futtctional.fa.ctors

So.ft tis,sue

The etïect of soft tissue on the ætiology of AOB is the subject of much discussion in the

litelature. Many authors assume that the soft tissues can cause AOB (Straub, 1960;

Kydd et a\.,1963; Subtelny & Sakuda, 1964; Turvey et al., L976; Arat & Iseli, 1992).

Conversely, in a review of the literature (Cleall, 1965), Cleall cites Scott, who says that

the form of the clental arches is basecl on the growth of the alveolar processes, and that

the pressure of the adjacent muscles is probably of minor importance in arch form

determination. Cleall's o\ryn work also supports the hypothesis that form determines

function (Cleall, 1965). However, other wolkers (Moyers, 1988; Protfit & Ackerman,

1994) suggest tl-rat the truth lies somewhere between these two opposing opinions, and

that there is an association, rather than a simple cause and effect relationship between

the soft tissues and arch fotm, including AOB.

It has been shown that although functional pressures are of limited importance, resting

soft tissue pressures are implicated in the ætiology of AOB (Proffit & Mason, 1975;

Fröhlich et oI.,l99I; Ploffit & White, 1991; Ploffit, 1993).
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Habits

The ætiological role attributed to thumb-sucking and other habits is a recurring theme in

the lite¡ature on AOB malocclusion (Subtelny & Sakuda, 1964; Subtelny & Subtelny,

1973;Arat & Iseri, 1992; Haydar & Enacar, 1992; ProtÏt & Ackerman,1994)- Subtelny

and Sakuda fbund rhar in a sample of 36 children with habits, IO (287o) also had an

AOB. The authots attributed a primary causative role to the habit activity, which they

suggest prevented eruption of the antedor teeth (Subtelny & Sakuda, 1964), and Fields

states that non-nutritive sucking can also cause alveolar deformation (Fields, 1993). A

child with a moderate AOB should be presumed to have a sucking habit until proved

otherwise (Proffit, 1993), and when caused by a habit, an AOB is often maintained by

associatecl tongue thrust swallow after the sucking habit is corrected (Proffit et aI.,

1969). Rather than being causative, diffetences in patterns of swallowing reflect the

presence of the AOB (Wallen,1974 Proffit & Mason, I915)-

Tongu.e th ru,st swnll owirt g

Straub's seminal work on the adverse influence of bottle f'eeding indicated that an

abnormal swallowing habit could cause AOB (Straub, 1960), although AOB can also

occur without the pre.sence of tongue thrust swallowing or a sucking habit (Gellin,

1966). The general consensus of opinion, however, is that tongue thrust swallowing is

an adaptive response to the presence of an AOB (Subtelny & Sakuda, 1964; Subtelny &

Subtelny, 1913: Wallen, 1974; Ploffit & Mason, 1975 Turvey et al., 1976: Proffit,

1993).

Work on the dynamics of swallowing by Kydd showed that the mean muscular pressure

on the dentition duling swallowing in children with AOB and tongue thrust was twice

that in the conttol group. However a.s the normal children swallowed twice as often, the

total force expended was about equal (Kydd & Neff, 1964). The duration of swallow in

the AOB children was one third of a .second longer than in controls. Over a whole day,

this was said to amount to att I8%, increa.se in pressure duration in the AOB subjects as

compared with the normal grotìp (Kydd et al-,1963).

Tongue .size

Although most open bites are not lelated to macroglossia (Wolford & Cottrell, 1996), an

enlarged tongue can cause AOB (Turvey et a.1.., 1976).It has been demonstrated that

resting tongue pressures are gre¿tter in subjects with macloglossia, and that after

recluction glossectomy designed to normalise tongue size, values are comparable with

normal controls (Fröhlich et a.l-,1993).
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Torzgue po,stu.re

Abnormal resting tongue posture, secondary to tfue macroglossia or a tumour can cause

AOB (Turvey et aI., I976). Antelior resting posture of the tongue is thought to be a

more important ætiological f'actor than t'unctional tongue activity (Proffit, I975; Proffit

& Mason, 1975 Ertürk & Dogan, 199I; Fröhlich et nI., I99I: Proffit &'White, l99l;
Proffit, 1993). The lowel threshold for genioglossus activity found in AOB patients may

reflect a predisposition to folward tongue posture with mandibular rotations as small as

0.5mm. The antetior tongue posture may be sufficient to plevent vertical eruption of the

anterior teeth (Lowe & Johnston, 1979).

Hen.d posture

Heacl posture has been implicated by sevelal authors as an ætiological factor in AOB

(Arat & Iseri, 1992; Haydar' & Enacar, 1992).In his work on respiratory obstruction

syndrome, Ricketts noted that children tend to lower their head posture following

adenoiclectomy or tonsillectomy. He suggested that pre-operatively these children had

been adapting their head posture in order to increase their airway space, and that the

post-operative change occurred because there was no longet' any need to posture in this

way (Ricketts, 1968).

Re.spiratiort

Although rnouth-brcathing is thought by some to be an important factor in the ætiology

of AOB (Haydar & Enacar, 1992: Proffit & Ackerman, 1994) and skeletal open bite

(Sassouni et a1,.,1985), Tourne concluclecl tiorn a review of the literature that the mode

of breathing ha.s little irnpact on the dentition and skeletal morphology (Tourne,1990;),

and Linder-Aronson found no evidence of AOB in his sample of mouth-breathers

(Linder-Aronson, 1970). However, much of the controversy may result from a lack of

objective criteria fol the assessment of facial molphology and respiratory function

(Ngan & Fields, 1997).

Speech

Lisping, the most coffrmon spee<;h articulatiorì errol', may be caused in part by

irregularities of the anterior teeth. There is no evidence, however, that lisping can cause

dental problerns (Proffrt & Acketman, 1994).

Winrl instru.menîs

Herman found that playing woodwind instruments increases overbite, whereas playing

brass instruments decreases ovelbite. He recommends that playing the correct type of

win{ instllrment can be used as an acljunct to orthodontic therapy in selected cases

(Herman, 1981). However, Ploffit ancl Ackerman state that wind instruments have little
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or no irnpact on the clentition unless played for many hours per day (Proffit &

Ackerman, 1gg4). A study comparing non-musician controls with professional

woodwincl and brass musicians, who could be expected to play daily for many hours,

found few differences between the two groups of musicians, or between the musicians

and the controls (Rindisbacher et at., 1990). None of these authors mention the effect of

tongue activity during instrumental playing.

P ath o lo g ic al .fac to r,s

Nasol ob,çtruction

There is conflicting evidence for the role of nasal obstruction as a cause of AOB.

Harvolcl ancl co-workers clemonstrated that forcing Rhesus monkeys to breathe through

their rnouths procluced a vatiety of adaptive rcsponses among the experimental animals.

A cliff-elent type of malocclusion developed in accordance with the individual animal's

chosen adaptive response to the nasal obstruction. Although AOB was induced in some

animals (Harvold et al., 1981), it was neither a consistent nor prominent finding

(Tourne, 1990; Proffìt & White, 1991).

Although childlen with enlarged adenoids have been found to have increased facial

height and SN-GoGn angle.s, AOB was not reported (Linder-Aronson, 1970 Sassouni ¿/

a\.,1985; Behfelt, 1990). In tact, it was noted that an overbite is often found in these

cases (Linder-Aronson , 1970), although it is smaller than that found in nose-breathing

controls (Behfelt, 1990). Follow up work has shown that adenoidectomy often results in

labialisation of the incisor teeth, tending to decrease overbite (Linder-Aronson et ttl.,

1993). Ricketts, however, found that children with enlatged adenoids do exhibit AOB

(Ricketts, 1968), ancl several other workers support the view that nasal obstruction is an

impoftant cause of AOB (Arat & Iseri, 1992; Joondeph, 1993 Proffit, 1993).

Joittt. tli,çeuse

Inflammatory joint disease, such as juvenile chronic arthritis, is known to cause

posterior rotation of the manclible, which may produce an AOB (Svensson et al., 1993),

altlrough other workers report no incrcase in the frequency of open bite (Rönníng et al.,

L994).If the destruction of the joint is slow, dento-alveolar compensation can occur,

with a lesulting normal anterior occlusion (Pullinger et aL.,1993)-

It has been said that increased genioglossus activity, as a reflex response to a temporo-

manclibular clisorcler (TMD), can lesult in a slightly open mandibular posture. In this

case the tongue rnay be protruded into the space resulting from the teeth apart resting

posture, and maintain an AOB (Lowe & Johnston,19'79 Lee, 1993).
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Muscle di.sease

Weakened musculature intluences cranio-facial morphology and occlusal development.

Myopathies, or peripheral neuromuscular diseases, such as Duchenne's muscular

dystlophy and myotonic dystrophy, are pathological conditions which weaken muscle

tissue. In a study of patients with neuromuscular diseases, AOB was not seen in patients

with neurogenic disorders, but was found in 57% of patients with Duchenne's muscular

dystrophy. It should be noted, however, that another t-eature of Duchenne's disease is

macroglossia, which may also contribute to the open bite. (Ertürk & Dogan, 1991).

AOB is known to be associated with reduced biting folce, perhaps by allowing over-

eluption of the posterior teeth (Proffit, 1978), and it is known that individuals with a

long face rnorphology have weak masticatory musculature (Kuster & Ingervall,1992).

Reducecl muscle strength can lead to a disposition to overload and tenderness of the

masticatory muscles; it is suggested that a dif'terent elevator muscle structure may be

responsible for these observations (Bakke & Michler, 1991). Evidence of variation in

the composition of rnyosin tibles in human masseter muscle may support this theory,

and has been irnplicatecl in the ætiology of the facial pattern in long and short faced

individuals (Soiote et u1.., 1994).

5.1.4 Effect on speech.

Although it has been reported that occlusal defects can influence articulation and

contribute to speech abnormalities (Rathbone & Snidecor, 1959), other workers have

found no couelation between articulatory ability and incisot position (Oliver & Evans,

1986). In a stucly of the ef'fect of facial osteotomy on speech defects, almost half of the

sample hacl normal speech pre-operatively despite their occlusal defects (Witzel et al.,

1e80).

In hel review of the literature, Laine points out that increased fiequencies of articulatory

speech disoldels have been reported with Class II and Class III malocclusions, and with

open and deep bites (Laine, 1992). Witzel also found a relationship between the severity

of AOB in cornbination with mandibular retrognathism or prognathism and the

frequencies of sibilant and overall alticulation errors. Gleater numbets of labio-dental

et'rors were lbuncl in rnandibular prognathism, and bilabial errors in mandibular

letrognathisrn (Witzel et a.l., 1980). In an electropalatographic study of a group of

patients with mandibular prognathism, it was found that the observed articulatory

disorders wele attributable to antedor displacement of the tongue (Satoh, 1990).

Although the cause and eff'ect relationship hetween speech defects and malocclusion

remains unclear, AOB may be an exception (Klechak et a1,.,1976). AOB is associated
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with the formation of abnormal sibilants, although these usually occur when AOB is

cornbinecl with other malocclusions. Abnormal sibilant fblrnation is mild in cases where

AOB exists without other associated occlusal defects (Laine, 1992). Sibilant formation

is particularly sensitive to air stream direction and tongue position (Witzel et al-, 1980),

which moves anteriorly during sibilant formation in the presence of AOB (Klechak er

a|.,I976, Mason, 1994). Linguo-dental or interdental production of ll, ff|, lcþl, and ftl
may be encouraged by this structural disharmony (Zimmelman,1994).

An orthodontic or surgical correction of a malocclusion may contribute to improved

speech (Witzel et a1.,1980) and even without adjunctive speech therapy, closure of an

AOB can lead to the spontaneous improvement of lisping and abnormal tongue

behaviour (Turvey et a.1.,I976), although some residual errors may persist (Rathbone &

Snidecor, 1959).

5.1.5 Treatm.en.t

There is broad agreement throughout the literature that the treatment of AOB is one of

the most clitTcult problerns facing olthodontists, and discussion has included emotive

adjectives such as "annoying", "challenging", and even "most perplexing" (Kydd et aI.,

1963; Subtelny & Sakuda, 1964; Ricketts, 1968; Turvey et al.,l9l6; Lowe & Johnston,

l9l9; Fränkel & Fränkel, 1983; Kiliaridis et a\.,1990; Arat & Iseri, 1992; Kuster &

Ingervall, 1992; Goto et ctl.,1994; Sarver & Weissman, 1995). There are many reports

of unsuccessful treatment, particularly during the later stages of development (Arat &

Iseri, 1992), and if the underlying skeletal discrepancy is severe, a functional and

æsthetic occlu.sion may not be attainable by orthodontic treatment alone (McCance er

a.1.,1992). According to Hellman, a good plognosis for treatment can be expected if the

growth pattern is 1'avourable, but if it is not, the outcome is questionable. He also

recognises that if there is a tavourable growth pattern, no treatment may be needed

because.spontaneous closure may occur (Subtelny & Sakuda, 1964).

Spontaneous closure of AOB has been reported in 62%., of children by the end of the

mixed dentition (Gellin, 1966), and in 8(l% of 7 to 9 year olds ('Worms et al., 1971), and

has been a.ssociatecl with the tran.sition to an adult swallowing pattem (Proffit et ctl.,

1969). When a sucking habit is elirninated, spontaneous closure may occur even at 12

years of age (Subtelny & Sakuda, 1964 Subtelny & Subtelny, 1973). Spontaneous

correction may also be attributable to continuing growth of the lower face, which

provides space for a lower tongue posture (Gellin, 1966).

Despite considelable etïorts to tind reliable pledictors of AOB trcatment outcome, there

has been little .success in this alea (Lopez-Gavito et ¿11.,1985; Katsaros & Berg, 1993).



LITERATURE REVIEW 26

Given that a high propoltion of AOBs of non-skeletal ætiology close spontaneously

during the mixed dentition (Gellin, 1966; Worms et a.1.,l97I), it has been suggested

that correction should be postponed until after the tenth birthday (Gellin,1966), while

correction of skeletal open bites .should be performed during or before active growth

periods (Toutountzakis & Haralabakis, 1991).

Many treatment modalities have been used for AOB, and various degrees of success

have been lepolted. These modalities can be divided thlee groups: myofunctional,

orthodontic and surgical therapies.

My o.fil.n c ti onal th e r apy

Correction of AOB has been reported following the elirnination of sucking habits

(Straub, 1960; Subtelny & Sakuda, 1964; Subtelny & Subtelny,1973), and as a result of

the transition to an adult swallowing pattern (Ploffìt et a.1.,1969). When temporo-

mandibular disorder (TMD) is an ætiological factor in the existence of an AOB, it has

been recommended that the TMD should be addressed betbre any corrective therapy for

the open bite irself (Williamson et o1,.,1990; Lee, 1993).

The association of AOB with weak masticatory musculature leads to another type of

corrective therapy; it has been shown that training of the muscles by the use of tough

chewing gum increases muscle strength by as rnuch ¿s337o, and results in AOB closurc

by forward rnandibular rotation of up to 6o (Bakke & Siersbæk-Nielsen, 1990), although

only the ah.stract was ptrblished, rnaking critical appraisal of the results impossible.

Orthodonti.c theropy

Functional regulators are able to correct some dento-facial detbnnities in skeletal open

bite cases, and have been reported to be capable of achieving closure even in patients

with lelap.sed AOB (Fränkel & Fränkel, 1983), although they ploduce mainly dento-

alveolal rather than skeletal change, and have a masking rather than a corrective eff'ect

on tlre skeletal discrepancy (Arat & Iseri, 1992; Haydar & Enacar, 1992).

Posteriol bite blocks produce a similar intrusion of the postelior teeth to surgical

posterior maxillary impaction; the intrusion results in autorotation of the mandible and

AOB correction. In order to maximise this effect, stimulation of the vertical growth of

tlre condyle is desilable, but this ha.s not been demonstrated (Kuster & Ingervall,1992).

The incolporation of magnets into posterior bite blocks reliably ptoduces a greater

degree of intru.sion more rapidly than bite blocks alone (Dellinger, 1986), although the
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therapeutic force is less easily controllable, particular'ly in the transverse direction

(Kilialidis et a.1., 1990).

Both Begg and Edgewise appliances are used tbr the treatment of AOB. However, both

systems produce an undesirahle backwards lotation of the mandible and increased

anterior face height by extrusion of the posteriol teeth (Arat & Iseri, 1992). Control of

the height of the posterior dento-alveolar regions duling fixed appliance therapy is

extremely important (Prosterman et ol., 1995).

Playing certain types of musical instrument has been tecommended as an adjunct to

orthodontic colrection of AOB (Herman, 1981), although this is not supported by other

workers (Rindisbacher et ø.1..,1990; Proffit & Acketman,1994)-

SurgiccLl Íherap¡t

The surgical conection of open bite by the intrusion of the maxillaly buccal segments

was pioneeled by Schuchardt (Schuchardt, 1959). More t'ecently, the Le Fort I intrusion

osteotomy with or without the extraction of selected teeth has been used to correct an

AOB malocclusion (Witzel et a1..,1980; Hayrnond et a1,.,1991). Stability is improved if
the maxillary surgery is cornbinecl with a mandibular sagittal osteotomy (Poswillo &

Foster, 1992).

Pseudomacroglossia is defined as displacement of the tongue created by anatomic

factors other than tongue size alone, as occurs when the tongue is positioned anteriorly

by hypertrophie<l tonsillal tissue. In such cases sulgical removal of the primary cause

may lead to an increased oro-pharyngeal volume suffìcient to accommodate the tongue.

Tlue macroglossia, which is not a common cause of AOB, may cause instability of any

orthodontic or orthognathic surgical treatment. Partial median glossectomy is a

recogni.sed rnethocl of reducing tongue volume in cases of ttue macloglossia, and open

bite closure has been seen when perfolmed with tonsillectomy (Wolford & Cottrell,

1996). Spontaneous closure of an AOB has been reported after a partial median

glossectomy alone, although it should be noted that the patient was a Rhesus monkey

which spontaneously developed an anterior open bite (Bernald & Simard-Savoie, 1987).

Congenital absence of part of the tongue or surgical excision of tongue tissue leads to a

characteristic collapse in the dental arch (Prolfit, 1991a).

5.1.6 RelcLp.se

Ballard lealised that the new patterns of muscular activity which occur after treatment

must be physiologically economical if they ¿rre to be stable (Ballard, 1962)- However,

there has been little success in tinding specific predictors of AOB treatment relapse
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(Lopez-Gavito et o1.., 1985; Katsaros & Berg, 1993), although posterior rotation of the

mandible due to growth lbllowing treatment is one tactor which can adversely affect

stability (Katsaros & Berg, 1993).

The tongue adapts to its environment, but it is not possible to predict whether it will

adapt to the corrected environment or contribute to relapse (Bernard & Simard-Savoie,

1987). After the surgical correction of open bite, relapse is likely to occur if tongue

function cannot be controlled (Poswillo & Foster, 1992), and if the tongue is still

positioned forward (Turvey et a1.,1976; Goto et aI.,1994)-

Post-retention relapse of 3mm or more has been reported in over 35Vo of orthodontically

treated AOB patients (Lopez-Gavito et al-,1985). In a study comparing the effects of

springs with magnets for intruding the posterior teeth, the cases treated with magnetic

bite blocks relapsecl more than those treated with the spring loaded bite blocks, although

the length of treatment was not the same for both groups (Kuster & Ingervall,1992).

Sulgical correction appears to be more stable than orthodontic treatment, with 5 year

follow up of AOB couection using small plate fixation showing relapse in only L4Vo of

38 treated cases (Haymond et a1.,1991).
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5.2 Tongue thrust

5.2.1 Fea.nres

Tongue thrust is variously ret-erred to as tongue thrust swallow, visceral swallow,

infantile swallow, reverse swallow, deviant swallow, perverted swallow, and tongue

thrust syndrome (Proffit & Mason, 1975). Swallowing is a complex process in which

the tongue, lips and mandible function as a unit (Cleall, 1965). Normal and abnormal

types have been described in detail by many authors (Straub, 1960; Andersen, 1963:

Cleall, 1965), but swallowing pattelns are variable, and are recognised to be capricious

and unpredictable (Hanson eî c11.,1969).

Tongue thrust has been classitìed on the basis of the resulting deformity (Brauer & Holt,

1965), ancl accorcling to ætiology (Tulley, 1969). Brauer & Holt's classification is set

out in Table 2,'¿nd Tulley's in Table 3.

Table 2 Brauer & Holt's classification of tongue thrust

Type I (non-deforming tongue thrust)

Type ll (deforming anterior tongue thrust)

Type lll (deforming lateraltongue thrust)

Type lV (deforming anlerior and lateral
tongue thrust)

Subgroup 1: anterior oPen bite

Subgroup 2: associated procumbency of

anterior teeth

Subgroup 3: associated posterior crossbite

Subgroup 1: posterior open bite

Subgroup 2: posterior crossbite

Subgroup 3: deep overbite

Subgroup 1: anterior and posterior open bite

Subgroup 2: associated procumbency of

anterior teeth

Subgroup 3: associated posterior crossbite

Brauer & Holt, 1965
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Table 3 Tulley's classification of tongue thrust

Habitualtongue thrust

Endogenous (innate) tongue thrust

Adaptive tongue thrust

Pathological tongue thrust

not common beyond 1 1 Years of age

familial pattern, marked lisPing

adaptation to effect anterior oral seal

such as macroglossia - extremely rare

Tulley, 1969

Definitions of tongue thrust swallowing vary among different authors. According to

Proffit and Mason, the diagnostic f'eatutes of tongue thrust swallowing most frequently

quoted in the literature are protl'Llsion of the tongue against ol between the anterior

dentition, and excessive circumoral muscle activity during swallowing (Proffit &

Mason, lg75). However, ProtÏt and Mason themselves suggest that tongue thrusting is

one or a combination of three conditions:

¡ duling swallowing, a fbrwarcl gesture of the tongue between the anterior teeth so

that the tongue tip contacts the lower lip during the initiation of the swallow.

o duling speech, fronting the tongue between ol against the anterior teeth with the

mandible hinged open.

. at re.st, movement of the tongue tbrward in the oral cavity with the mandible hinged

slightly open and the tongue tip against or between the anterior teeth.

These conclitio¡s can be tbuncl in individuals with and without speech and dental

problems.

Proffit ancl Mason clo not include activity of the facial muscles in their diagnostic

features, whereas this is considered to be important by other authors (Straub, 1960;

Rogers, 1961; Hanson et ol., 1970b). However, they do agree with sevelal earlier

authors that the interposition of the tongue between the teeth constitutes a tongue thrust

swallow (Straub, 1960; Brauer & Holt, 1965; Tulley, 1969).

Tongue thrust swallowing has been associated with a high palate (Straub, 1960), lingual

crossbite (Hanson et, al., I97Oa), enlarged tonsils (Brauer & Holt, 1965; Hanson et ttl.,

1970a), increased ptevalence within families, infantile muscle activity, oro-pharyngeal

constdction, ankyloglossia, macroglossia (Brauer & Holt, 1965), habits (Straub, 1960;

Brauel & Holt, 1965; Ptoffit et o1.,1969), and open bite (Straub, 1960; Rogers, 1961;

Anclersen, 1963; Kydd et a1,., 1963; Brauer & Holt, 1965; Cleall, 1965; Tulley, 1969:
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Ploffit & Mason, 1915). Although Rogers repolted that tongue thrust swallowing is

associated with open bite, he observed that many of his deep bite patients also exhibit a

similar pattern of swallowing (Rogers, 1961).

In Rogers' literature review of tongue thrust swallowing, he notes conflicting opinions

on the effects of abnormal swallowing. For example, it has been associated both with a

narrow maxilla, and with dia.stemas. Similarly, he notes that protruded upper anterior

teeth, and lingual displacement of the anterior teeth have been associated with tongue

thrust swallowing (Rogels, 1961).

5.2.2 PrevcLlence

The prevalence of tongue thrust, like the prevalence of AOB, vades widely throughout

the literatute, partly because dit-ferent age groups have been assessed, and partly

because the definitions used by clift'erent workers has varied (Andrianopoulos &

Hanson, l9S7). Hanson recolnlnends clinical observation as being the best method of

diagnosing tongue thrust (Hanson eî uL.,1970b).

Prevalences as low ¿s2.7%, have been reported for 11 year old children (Tulley, 1969),

and as high as 56.97o in a group of 5 to 12 year olds (Rogers, 1961). Tongue thrust is

known to decrease with age. In a review of the literature, Hanson cites the work of

Lewis and Counihan who, in 1965 tbund thatgT%o of neonate.s displayed a tongue thrust

swallowing pattern, of Bell and Hale in 1963, who fbund 827n in a group of 5 to 6 year

olcls, and of Fletcherwho, in 1961 reported prevalences of 52.3%' at 6 years, 38-5Vo'tt8

years, 4I.9%, at 9 years, and 34.0%' at 10 years of age (Hanson et a.I., 1969).

Table 4 Prevalence of tongue thrust swallow by age (percent)

Criteria

Mean age (years & months)

4y 9m 5y 8m 6y7m 7Y 5m 8Y 2m 12Y 18Y

Conservative

Liberal

57.9

86.5

43.8

79.2

51.7

79.2

35.4

72.5

35.0

70.8

48.9 42.6

Hanson & Cohen, 1973

In a later longituclinal study the subjects were followed until 18 years of age. One

conservative and one liberal set of criteria tbr the diagnosis of tongue thrust were used,

ancl Han.son found a sirnilat trencl downward with age. The results are reproduced in

Table 4 (Hanson & Cohen, 1973). An unexpected reversal in the downward trend
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occurred at the age of 12 years, when 48.9Vo of the sample exhibited tongue thrusting.

By the age of 18 years, the figule had dropped to 42.6Eo (Andrianopoulos & Hanson,

1987).

Although the prevalence of abnormal swallowing vades with age, there appears to be no

diff'erence between the sexes (Kydd & NefT, 1964).

5.2.3 ,iÛti.ology

Despite the amount written on the subject, the ætiology of tongue thrust remains

uncertain (Hanson et aI., 1969). Although the tongue functions as an integrated unit

(Hanson et al., 1970b), it may be consideled to be composed of several different

functional component.s, including the tip, the dorsum, the root and the lateral borders.

The tip of the tongue is important in the production of sibilants and all alveolar .sounds.

It is relatively independent of the other parts, and is capable of rapid movement

(Dagenais et cLl.,1994), so much so that the fìngers of the most efficient pianist cannot

move as fast as the human tongue dudng convelsation (Straub, 1960).

D ev e lo p m enta I .fuc tor,s

Age

Tongue behaviour during swallowing undergoes a gradual transition from an infantile

pattern to an aclult swallow (Andersen, 1963; ProtÏt et a.1.,1969; Hanson et aI.,1970ai,

Prolflt & Mason, I975; Turvey et a.1,.,1916); it has been suggested that tongue thrusting

may be relatecl to the aggressive ge.sture of sticking the tongue out which is seen in

young children (Bloomer', 1963). During the second or third yeat of life, the oral cavity

enlarges, the neck elongate,s, the hyoid bone descends, and the tongue moves down and

back fiom the infantile to the mature position and function (Hanson et al., 1970a). A

similal morphological change in the mixed dentition is associated with the onset of

pubelty. A fìrrther increa.se in the size of the oro-pharyngeal space occurs with a further

increase in ramal height, neck lcngt"h, ancl a decrease in the size of tonsillar tissue. The

tongue lnovo.s down and back, in association with the change to the adult swallowing

pattern (Proffit & Mason, \975; Turvey et oI.,I9'76).

Proffit de.sclibes fbur stages in the maturation of the proce.ss. The first, the infantile

swallow is characterised by contact of the tongue tip with the lower lip, low mandibular

position (laws apart), and active contraction of the lips and facial musculature. In the

fourth stage, the adult swallow, the tongue tip is against the alveolat'ridge behind the

central inci.sors, the mandible i.s raised to bring the teeth into occlusion, and the lips are

lelaxed. Intermediate swallowing pattelns, teeth apart swallow, followed by a teeth
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together swallow, arise if all the f-eatures of the adult swallow are not acquired

simultaneously. This transition is achieved early in most children, but the persistence of

a sucking habit delays the natural transition and causes ân intermediate pattern. Proffit

argues that this hypothesis is supported by the observation that it is easier to treat a teeth

together than a teeth apart swallow (Proffit et al-,1969). In a later publication, Proffit

and Mason maintain that the teeth together swallow is transitional, rather than being a

learned abnormal pattern (Proffit & Mason, 1975).

The tongue often protrudes into the space left by exfoliated deciduous teeth, but this

phenomenon is probably adaptive, and usually disappears on eruption of the permanent

successor (Subtelny, 1965).

Skeletal pcLttent

The evidence for a skeletal ætiology of tongue thrust is ambivalent, with suppolt in the

literatule for the view that fbrward tongue posture causes AOB, and conversely that the

skeletal pattern predisposes to tongue thrusting (Moyels, 1988). Hanson is of the

opinion that anything that restricts the space available to the tongue may lead to tongue

thrusting (Hanson & Cohen, 19731' Andrianopoulos & Hanson, 1987).

Although accurate measurement is ditTcult, the tongue seems to grow steadily,

approaching maximum size at or ne¿ìr 8 years of age. The mandible, however, grows

more slowly, and may even continue beyond 20 years of age. This leads to a growth

differential between the size of the tongue and mandible, with the large tongue

positioned high and tbrward in the mouth in the early years of growth (Proffit & Mason,

197s)_

Gen.etic influences

The lole played by heredity and environment in the ætiology of tongue thrust is not

clear. Although a child and parent may share a pattern of tongue thrusting, it is

impossible to be sure whethel this is inherited, or whether the child is imitating the

parent's way of swallowing and speaking (Andelsen, 1963).

Functional.fcLctors

Habit.s

Opinions vary as to whethel non-nutritive sucking habits, such as thumb sucking,

contribute to the ætiology of tongue thrust. Habits have been reported to be causative of

tongue thrust swallowing by several authors (Straub, 1960; Andersen, 1963: Brauer &
Holt, 1965), although Straub notes that it is not a sirnple cause and effect relationship

(Straub, 1960). Although Hanson did not find thumb sucking to be related to tongue
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thrust swallowing (Hanson et ú1., 1969), the children in the sarnple werc of pre-school

age and may therefore be expected to have a high prevalence of both infantile

swallowing pattern, and digit sucking. An infantile swallow is found in a high

percentage of children with habits, but also in many children without a history of digit

sucking (Andersen, 1963).

It is rare to find such a habit without a tongus thrust swallow, and it may be that the

habit causes an orthodontic ploblem to which the tongue adapts (Subtelny & Sakuda,

1964). The transition tiorn infàntile to adult swallowing usually occurs early, and habits

may delay this normal developmental process. When digit sucking is stopped,

spontaneous transition towards the adult pattem often occurs (Proffit et aL.,1969; Proffit

& Mason, I975).

Re,spira.tion

Upper lespiratory restriction resulting tiom enlarged tonsillal and adenoidal tissues has

been suggested to cause displacernent of the tongue to a more anterior position and

tongue thrust swallow (Subtelny & Sakuda, 1964; Brauer & Holt, 1965; Ricketts, 1968;

Proffit & Mason, I975 Moyers, 1988), and the removal of inflamed tonsils results in

posterior positioning of the tongue (Behf-elt et al., 1990)

In a study of ple-school children it was tbund that nasal breathing was related to tongue

thrust swallowing. The authors were unable to explain this tìnding, but it should be

noted that they relied on the opinion of the pâlents in detetmining the habitual breathing

pattern of the childlen (Hanson et uI.,1969).

Bottle.feedin.g

The histories obtained florn the mothers of children with abnormal swallowing led

Stlaub to believe that the condition was caused by bottle f-eeding. Of 478 children seen

over a period of 17 yeals, only 2were breast fed (Straub, 1960). However, apaft ftom

Rogers, whose work neither confirms nor denies this hypothesis (Rogers, 1961), Straub

appears to be alone; othel' authors have found that bottle f'eeding cannot account for

tongue thnrst swallowing (Anclelsen, 1963; Han.son et ctl., 1969; Hanson & Cohen,

t973).

Swrill.owittg

Andersen cites the work of Glaser, who suggested in 1951 that abnormal swallowing

may be caused hy drinking liquid.s with meals; the reasoning behind this theory is that

swallowing dry food requirss more eflbrt, leading to stlonger muscles. Glaser also

suggested that the t'eeding of puréed foods to infants might delay the transition to a

normal swallowing pattern (Andersen, 1963). There is some association between tongue

thlust swallowing and the mediurn being swallowed. Saliva is the least likely to be
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swallowed with a tongue thrust pattem, whereas swallowing liquids and solids is more

positively associated with tongue thrust swallowing (Hanson et aL.,1969).

Adnptive behaviour

Tongue thrust swallowing occurs as a transient adaptation to enlarged tonsils (Moyers,

1988), and as a long term adaptation in the long face syndrome. Normal tongue position

in this situation would occlude the naso-pharynx, and the tongue is therefore postured

down and forwards (Ricketts, 1968). In the presence of an AOB, adaptive tongue thrust

swallowing provides an anterior oral seal, an example of function adapting to form

(Tulley, 1969; Subtelny & Subtelny,1973; Wallen, I974; Proffit & White, 1991).

P ath.o Io g ic aI .fac to rs

Central nervoLts system.

Cerebellal trauma may cause a tongue thlust swallow (Bloomer, 1963), although this is

rare (Ploffit & Mason, 1975). Tongue thrust swallow, seen in one of a pair of

monozygotic twins, was attributed to faulty muscular control and co-ordination

impairment (Andersen, 1963).

Airway obstru.ction

Inflammation of the tonsils, causing pain during swallowing, is recognised to cause a

transient adaptive anterior positioning of the tongue (Moyers, 1988). Andersen cites

Andrews, who in 1960 thought that chronically inflamed tonsils may lead to a longer

term anterior tongue position becorning established, which may continue after the

tonsillar intlammation resolves. Andersen himself, however, points out that chronic

inflammation is not u.sually paintïI, and that the acute phase is relatively short. Chronic

tonsillar enlargement might be an ætiological factor, but he notes that many people with

chronic tonsillar enlargement do not exhibit tongue thrusting (Andersen, 1963).

Prominent tonsils are associated with forward tongue posture (Ricketts, 1968; Proffit &

Mason, I975), and can even cause the tongue to lie between the teeth (Subtelny &

Sakuda, 1964).

Mandibular positiort

Mandibular rotation and forward tongue posture resulting from airway obstruction may

allow eruption of the postetior teeth, and lead to anterior open bite. The increased

genioglossus activity found in AOB patients may explain the anterior tongue posture

(Lowe & Johnston, 1919).

It has been suggested that in patients with tempoto-mandibular disorder (TMD) noxious

stimuli fiom mechanoreceptors in the petiodontal ligament and temporo-mandibular
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joint may cause an open jaw posture with an associated anterior resting tongue posltlon.

This might explain the increased plevalence of AOB observed in TMD patients

(Williarnson et al., 1990).

5.2.4 Effect on speech.

The production of sibilants is sensitive to tongue position, and air stream direction

(Witzel et aI., 1980), and lisping is twice as common in tongue thrusters. Tongue

thrusting can occur without speech problems md vice versa, and tongue thrust appears

to be concomitant rather than a causative factor. It remains unproven that re-education

of swallowing pattern leads to an improvement in speech or malocclusion (Subtelny,

1965). When there is a tongue thrust without a speech problem, there is no evidence that

speech problems will develop subsequently (Proffit & Mason, 1975)-

5.2.5 Treatm.ent

Over the years a wide variety of therapies have been suggested for tongue thrust

swallowing, including reading aloud (Andersen, 1963), hypnotherapy, swallowing

therapy, .speech thelapy, reminder appliance therapy (Andtianopoulos & Hanson, 1987)'

myofunctional therapy (Subtelny, 1965; Ploffit & Mason, I975; Andrianopoulos &

Hanson, 1987), as well as orthoclontics (Subtelny, 1970; Hanson & Cohen, 1973; Proffit

& Mason, I915: Proffit & Ackerrnan, 1994) and orthognathic surgery (Turvey et aI-,

1916; Moyers, 1988; Proffit & White, 1991).

Andrianopoulos and Hanson cite work by Stansell in 1969 in which 54 patients with

tongue thrust, overjet and lisping were divided into thlee groups of 18, and each group

received eithel swallowing therapy, speech therapy, or no therapy. The results indicated

that speech therapy decreased overjets, and swallowing therapy prcvented an increase in

ove¡jet, while oveljets increased in several untreated patients (Andrianopoulos &

Hanson, 1937). Unfortunately, no assessment of AOB was made in this study.

According to Tulley, early treal.menl. for tongue thrust swallowing may be undesirable

because the ploblern may appeâr to be worse than it really is during the mixed dentition

(Tulley, 1969). This is supported by Ploffìt, who recommends the following protocol:

o in cases of tongue thlust alone, there is no need fbr treatment.

o when tongue thrust is seen with speech problems only, spontaneous comection is

likely and therefore trcâtment is unnecessary.
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if tongue thrust ancl malocclusion are present, the tongue thrust may be addressed

first, but Proffit recommends treatment of the malocclusion as a better choice'

cases where tongue thlust is present with malocclusion and speech problems should

be treated similarly to those without speech problems, but additional supportive

speech therapy should be included in the tfeatment (Proffit & Mason, 1975)-

My o.fu rt c t i o n al th e r apy

According to Moyers, the principal purpose of myofunctional therapy (MFT) is the

creation of normal oro-facial muscular function to aid growth and the development of

normal occlusion, but not to increase the size or strength of muscles. However, in

practice it is difficult for patients to maintain a regime of myotherapy. Brass instruments

are recommended to increase lip tonicity, and single reeded instruments should be

avoided (Moyers, 1988).

It has been recommended that MFT should be instituted after orthodontic treatment if
adverse tongue and lip pattems persist (Subtelny & Subtelny, 1973)-

Clo,rure o.f rmteri.or open bite

Closure of anterior open bite induces a spontaneous conection of adaptive tongue thrust

swallowing in many instances, and this can be achieved either by orthodontic treatment

(Cleall, 1965; Tulley, 1969; Subtelny, 1970; Proffit & Mason, 1975: Proffit &

Ackerman, Igg4), or by orthognathic surgery (Turvey et aI., 1976 Moyers, 1988;

Proffit & White, 1991). Remincler and crib appliances are also recommended to re-

eclucate tongue behaviour (Rogels, 1961; Subtelny & Sakuda, 1964; Cleall, 1965).

5.2.6 Relupse

In a revie.w of the litelature on the effectiveness of therapy for tongue thrust

swallowing, all six of the long term studies quoted produced results supportive of

therapy. For example, in a study by Robson in 1963, 666 subjects were followed for up

to 31 months, and lï.lVo retainecl a corrected swallowing pattern. However, none of

these studies provide information on preclictive indicators of stability. From the results

of their own wolk, Andrianopoulos and Hanson concluded that it was not possible to

predict the development or persistence of future tongue thrust behaviour

(Andrianopoulos & Hanson, 1987).
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5.3 Relationship between anterior open bite & tongue thrust

The prevalence of tongue thrust in AOB childten is over 907o (Rogers, 1961), and this

association has been confirmed by other wotkers (Speidel et aI., I972; Hanson &

Cohen, 1973 Andrianopoulos & Hanson, 1987). There is also evidence for a

relationship between digit sucking habits and AOB (Andtianopoulos & Hanson, 1987),

and it is rare to find a child with an AOB and such a habit who has no tongue thrust

swallowing pattern (Subtelny & S¿ikuda, 1964). AOB has been related to an anterior

inferior tongue position (Ertürk & Dogan, 1991), and with a teeth together tongue thrust

swallow (P¡offit et a.1,.,1969), and with macroglossia (Turvey et a\.,I976). Although

heavy tongue pressures have been tbund in teeth together tongue thrust swallowing, and

light pressutes in teeth apart swallows, resting pressutes are thought to be more

impoltant than functional pressures (Proffit & Mason, 1975 Fröhlich et al., I99I;

Proffit &'White, 1991).

Subtelny notecl that it hacl not been conclusively shown that re-education of swallowing

has an appreciable etTect on malocclusion (Subtelny, 1965). Uncertainty still exists over

the fundamental relationships between tongue function and malocclusion

(Andrianopoulos & Hanson, 1987). There appeats to be an association, but an

association is not proof of cause and effect (Proffit & Mason, I97 5)-

Essentially the evidence falls into two, with some wotkers suggesting that function

dictates t-onn, and other authors suggesting the opposite. Straub was of the opinion that

form is deterinined by tinction, ancl he stated that an abnormal swallowing habit usually

produces an open bite (Straub, 1960). It is recognised that digit sucking can cause AOB,

indicating that function can intfuence form (Subtelny & Sakuda, 1964; Proff,t et al-,

1969). Furthennore, an established malocclusion can be rnaintained by a tongue thrust

swallowing pattern (Proffit et uL.,1969).

Although the tongue occasionally fails to adapt to local change btought about by

surgery to the jaws (Moyer's, 1988), the correction of an AOB is generally accepted to

eliminate a tongue thrust swallowing pattern (Subtelny, 1965; Turvey et aI., 1976:

Proffìt & Mason, lg75), with the tongue adapting to the altered form (Subtelny &

Sakuda, 1964; Subtelny, 1970). This concept of form dictating function is confirmed by

other wolkers (Cleall, 1965; Tulley, 1969; Subtelny, 1970; Speidel et al., 1972;

Subtelny & Subtelny, 1973).

The presence of an AOB necessitate.s an adaptive tongue thrust swallowing pattern in

order to effect an antedor oral.seal (Subtelny & Subtelny,I9l3; 'Wallen, I974).



LITERATURE REVIEV/ 39

5.4 Measurement of tongue function

Serial cephalograms, cineradiography and cinefluorography are no longer commonly

used in the measurement of tongue function and swallowing because of the deleterious

effects of exposule to ionising racliation (Cleall, L965; Subtelny, 1965; Tulley, 1969;

Subtelny, I970; Subtelny & Subtelny, 1973), although videofluoroscopy and

manofluorography have been userl in more recent work (Hamlet, 1989; Kahrilas et aI-,

1993). Cinephotography has also been used, but is of little value because it provides

little infbrmation about intra-oral function (Tulley, 1969)-

Electrornyography (EMG) has also been used. Andlianopoulos quotes an experiment

r.epofted in 1975 by Overstake in which the characteristics of tongue thrust patterns

were not tbu¡d on the EMGs of couected thrusters, whose patterns closely matched

those of the normal swallowers (Andlianopoulos & Hanson, 1987). However, it is not

cleal what pattetns were being assessecl. Although Tulley states that "it is quite

impossible to stucly the tongue mu.sculature by electromyography" (Tulley, 1969), later

work showed that it is indeecl possible to monitor genioglossus activity with

electromyography (Lowe & Johnston, 1979).

The lilgometer, a device for measuring tbrward movement of the tongue tip dufing

swallowing, has been used as a diagnostic tool tbr the as.sessment of tongue thrust

(Fi¡k, 1986). Although sirnple ancl inexpensive, the lingometer is bulky, affecting

tongue tunction by its very presence. Furthermole, it can only measure the most anterior

position of the tongue during swallowing, rather than a dynamic recolding of lingual

activity.

Electromagnetic articulography, which tracks the movements of induction coils

positioned in the midline of the dorsum of the tongue, appears to be safe, and non-

invasive, and does not interfere with speech movements. It has been used in the

evaluation of speech irnpaired patients (Schönle et a.1.,1987), and in the diagnosis of

tongue thrust (Horn et a|.,1996). Unfortunately, only an abstlact of the latter work is

available, and the conclusions ofthe reseatch ale unclcar.

Intra-oral pressure transclucels have been used fbl the assessment of the pressures

generated by the tongue during swallowing (Protfit et a|.,1969), but although they are

not too bulky, they too produce lirnited intblmation on the dynamics of tongue function.

More recent work with a less intrusive intra-olal system using an open ended cannula

connected to àn extra-oral pressurc transducer has demonstrated that negative pressures

are generatecl within the oral cavity during normal tunction (Fröhlich et a|.,1991).

Although this equipment is more sensitive, it still yields little dynamic information

about tongue t'unction.
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Two- and three-dimensional 30kHz ultrasound images of tongue function have been

usecl, but unfortunately ultrasouncl does not penetrate bone (Kahrilas et a1.,1993; Byrd

et a1.,1995). Magnetic resonance imaging has also been used, but it is not practical to

obtain simultaneous recordings of speech during the scan, and the time taken for each

slice precludes its use for the measurement of speech (Byrd et aI-,1995).

Palatography was designed to record the positions of lingual contact for isolated speech

sounds. The surface of the hard palate was sprayed with a dry powder (usually a

mixture of charcoal and chocolate), and the area of 'wipe-ofï' caused by tongue contact

afte¡ tlre sound had been produced was photographed (Hardcastle et crl-, 1991a).

Palatography has been shown to be able to difTerentiate between the swallowing

patterns of tongue thrusters and normals (Andrianopoulos & Hanson, 1987). However,

palatography is also unable to record the dynamic aspects of palatal tongue contact.

5.4. I EI e ctopa.l.atogrr.Lphlt ( EP G)

Electropalatography (EPG), which evolved from the older static palatographic

techniques, was introducecl in the eally 1970s. In electropalatography tongue to palate

contact is monitored with a specially constructed acrylic palatal baseplate containing

electrocles exposed to the lingual surface. As the technique records contact only, the

proximity and shape of the tongue must be inf'erred from the contact patterns alone

(Hamlet et a\.,1986; Hardcastle et o.1..,1991a), and it is impossible to make inferences

about gestural trajectory and articulator velocity (Byrd et al.,1995). Although the exact

part of the tongue contacting the EPG plate cannot be known precisely, it has been

reportecl that, uncler certain circumstances it may be possible to int'er changes in

mandibtrlar position tiom EPG data (Lundqvist ef a.l.-, 1995). Using EPG, it has been

possible to demonstrate antefo-posterior changes in articulatory placement following

maxillary aclvancements and mandibular setbacks (Wakumoto et 0,1.,1996).

EPG can provide detailed spatio-ternpolal information on contacts during continuous

speech and other fïnctional activities of the tongue. Because it is a safe, relatively non-

invasive, simple and easy-to-use technique, BPG has become an atttactive laboratory

tool for the investigation of dynarnic lingual activity in normal and pathological speech

(Hardcastle, 1987), and has been used to analyse tongue activity in many languages

(Hardcastle, 1989). HoweveL, constructing EPG plates lbr subjects to be representative

of a larger population is expensive and inconvenient. As a diagnostic aid, EPG produces

objective, cletailed and acculate infolmation on articulatory behaviour, and can reveal

patterns and tendencies which cannot be obtained by other commonly used methods

such as auditory basecl tlanscription (Hardcastle et aL.,1991a; 1991b; Bytd et aI.,1995)-

On-screen visual f'eedback of tongue activity allows EPG to be u.sed as a therapeutic aid,
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enabling patients to develop a precise idea of how their tongue movement pattelns need

to change in order to resemble normal patterns (Hardcastle et al.,I99La; 1991b). The

ability to connect two palates simultaneously enables a speech therapist to give real-

time demonstrations and instruct patients in more appropriate patterns of tongue activity

(Gibbon & Haldcastle, 1987); EPG is particularly useful for helping hearing-impaired

patients to learn the normally hidden tongue-palate contacts essential for intelligible

speech (Fletcher et a.1.,1991). EPG is ¿lso used as a tool tbr the assessing the effîcacy of

speech therapy regimes, both tbr clinical research and for cost benefit analysis

(Hardcastle et aI., L99Ia;1991b). Morc recently, EPG has been used for the assessment

of tongue function during swallowing with particular reference to the effects of bolus

size and consistency (Chi-Fishman & Stone, 1996).

It is necessary to provide subiects with a 'dummy' plate, to allow their speech to

accommoclate to wearing the EPG plate durìng lecordings. There is disagreement in the

literature on the length of time necessary to ensure adaptation. Lundqvist required day

and night time wear tbr two weeks plior to recordings (Lundqvist et rt|.,1995), whereas

Haydar founcl that within seven days of wearing maxillary retainers, alticulatory

distortions hacl disappeared, and patients had adapted cornpletely to the plates (Haydar

et a1.,1996), and Proffit found that after three days wear, trained listeners could not

detect clifferences in speech quality with and without an appliance (Proffit et a\.,1969).

Allen found that with a thin well-adapted palate apploximately lmm thick, his subjects

were able to enunciate ploperly atier only a t'ew minutes of practice (Allen, 1958), and

Byrd cites Flege who, in 1976 found that even with an EPG plate, only 5 minutes of

practice was necessary to eliminate perceptible interf-erence with normal speech (Byrd

et a1.,1995). Hardcastle, who pioneered the Reading EPG system, tecommended four

hours wear before recorclings to reduce hypersalivation (Hardcastle, 1989), but

elsewhere suggests that the practice plate should be wom fot incrcasing period of time

including at least one 2 hour periocl, so as to become accustomed to the feel of the

device in the mouth (Harclcastle & Edwards,1992). Byrd and co-workers required the

EPG plate to be worn for only an hour (Byrd et a1.,1995).
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5.5 Corrective therapy

Normal development of speech sounds occurs gradually throughout the early years and

perfect ptoduction of the entire range need not be expected until the seventh birthday

(Rathbone & Snidecor, 1959). Tongue agility, also known as diadochokinesia, increases

with age at least until the end of the second decade of life. A lack of ability to perform

rapid tongue movements is known as dysdiadochokinesia (Bloomer, 1963).

5-5. I Myo.flinctional therapy

Besides altering the anatomy by means of orthodontic or surgical intervention,

myofunctional therapy (MFT) is used to improve swallowing patterns by changing

tongue function. This technique is often practised by speech therapists as there is a

considerable overlap with therapies designed to modify tongue behaviour during

speech. Both approaches are capable of repositioning the tip of the tongue more

posteriolly, although there is some evidence that MFT does not change the swallowing

pattern signitìcantly (ProtÏt & Mason, 1975). A protocol fol such thelapy is presented

(Rogers, 1961) consi.sting of sevelal stages:

evaluation, including assessment of oro-pharyngeal, lingual and facial muscle

function.

explanation of the problem to the patent and patient.

demonstration of the correct palatal contact point for the tongue during swallowing.

instruction in swallowing.

o home practice regime.

o monthly leview until the therapist is satisfìed that the patient is swallowing correctly

without conscious effolt.

Some authors have advocated the use of MFT and orthodontic therapy together,

indicating that success is enhanced by a combination approach (Protfit & Mason, I975;

Turvey et al.,I976).It has also been recommended that speech therapy be delayed until

aftel orthodontic tteatment is complete ol well advanced (Rathbone & Snidecor, 1959),

and then only in the rare cases in which the tongue does not adapt to its new

environment (SpeideI et a.1., 1972). However Proffit suggests that in cases of tongue

thrust swallowing, malocclusion, and abnormal speech, therapy should not be delayed

until the stalt of orthodontic tt'eatment (Proffit & Mason, 1975). There is also evidence

a
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that patients treated with tongue thrust therapy before orthodontic treatment will retain

correct tongue tunction (Andrianopoulos & Hanson, 1987).

MFT is unnecessary to correct tongue thrust swallowing occurring without a

malocclusion or abnormal speech (Protfit & Mason, I975; Turvey et aL.,1976). Even

where there is a malocclusion, MFT should not be prescribed before puberty as

spontaneous change may occur at this stage (Tulvey et ttl., 1976). MFT may be

beneficial before puberty where abnormal speech, tongue thrust swallowing and a

malocclusion are all present (Proffit & Mason, 1975), and in any case should be

instigated if spontaneous change has not occurred by the onset of puberty (Turvey et al.,

r976).

Most childlen adapt rapidly to the reduction in articulatory proficiency which may

occur with orthodontic treatment (Proffit & Mason, 1975; Proffit & Ackerman,1994).

However, speech thelapy and MFT may be provided in cases where difficulty is

encountered (Ploffit & Mason, 1975). The effectiveness of speech therapy before 9

years of age is questionable (Gellin, 1966).

5.5.2 Reminder cLppliance therapy

The placement of cemented palatal crib appliances is a recognised technique both for

eradicating digit sucking (Subtelny & Sakuda, 1964; Subtelny & Subtelny, 1973;

Haskell & Mink, 1991), and for the modification of tongue behaviour (Rogers, 196I;

Cleall, 1965), although in the latter case they have been found to be only partially

successfirl (Rogers, 1961).

In a group of tongue thlusting children, the placement of a crib was associated with a

more posterior lesting po.sition, and a more posterior and superior functioning position

of the tongue after a period of 6 months. The appliances were removed, and aftet 2

months there was slight evidence that the tongue tip was functioning in a more superior

position than hefore the appliance placement. The upper incisors, however, moved

lingually, and this change appeared to be stable (Cleall, 1965).
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5.6 Summary

Anterior Open Bite

The prevalence of AOB is probably less than 57o. The ætiology remains uncertain, but

genetic, functional and pathological factors have been implicated. Differences in the

composition of masticatory musculatute, and resting tollgue posture are thought to be

important ætiological factors. AOB can be also caused by functional activities such as

non-nutritive digit sucking. There is also an association with the abnormal production of

sibilant speech sounds.

Although treatment is notoriously ditÏcult, spontaneous closure is common, perhaps

resulting fiom the development of normal swallowing activity, the tlansition to the

permanent dentition, and the elimination of non-nutritive sucking activity, which may

all occur at around the same age. Myofunctional thelapy, olthodontics and surgery have

all been used to correct AOB, but if anterior tongue posture persists after comection of

the open bite, relapse is likely.

Ton g u. e îhr u.s t sw u.l.low itt g

A wicle variation in prevalence has been reported, partly because of the profusion of

definitions of abnormal tongue thrust behaviour; tongue thrust swallowing is a normal

t'eature of suckling. Lisping is otlen associated with tongue thlust swallowing, but many

tongue thrust patients do not show alterecl sibilant ptoduction. The ætiology is uncertain

although, genetic, functional, ancl pathological factors, and anterior open bite have been

cited. A tongue thrust swallow is commonly found with AOB, facilitating an anterior

oral seal; tongue behavioul in the.se cases is therefore probably adaptive.

Tongue thrust has been treatecl by anterior open bite closure, which often results in

spontaneous correction of tongue thrust swallowing, and with myofunctional therapy.

Myofunctional therapy is used to reposition the tonguc tip posterior'ly during speech and

swallowing, but its effects have not been subjected to systematic evaluation.

Electropalútogrlphy

Electropalatography provides a convenient method of measuring dynamic tongue

function. It is extensively used in the diagnosis and treatment of speech disorders, and

also as an investigative tool, although it has not been used widely in orthodontic

research.
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6.1 lntroduction

The aim of this study was to asses.s the eft'ect of tongue re-education therapy on tongue

function. Measurement was by comparison of clinical and electropalatographic (EPG)

data obtained before and after therapy.

6.2 Sample

6.2. 1 Experim.entril pati.ent sel.ectiott

Dental Offìcers from the South Austtalian Dental Service (SADS) clinics in and around

Adelaide were briefed about the nature of the study, and subsequently referred 8

patients fbr treatment. In order to be eligible for inclusion in the study, children were

required to fultìl certain criteria. They were to:

o be male.

. be over 9, but less than 11 years of age at the time of examination.

o have eithel an anterior open bite, or an incomplete overbite of 3mm or more-

o exhibit a tongue thrust swallowing pattern with interposition of the tongue between

the teeth.

6.2.2 Experím entul pú.tient ûs ses sm.ent

Clinical assesstn.ent

By means of a clinical examination, each child was checked for suitability according to

the above cliteria by ASC ancl another orthodontist in the Orthodontic Department at the

A{elaicle Dental Hospital. The child's tongue thrust swallowing pattern was

demonstlated, and the association between tongue thrust swallowing and AOB were

explained to the chilcl and parent. The aims of the study wete outlined, and the need for

a course of tongue re-education therapy was discussed.

Extr.a-oral and intra-oral photographs, and upper and lower alginate impressions for

plaster study models were taken at the initial visit.
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S p e e ch path olo gy ú s s e s s m.ent

Suitable children were also assessed by either of two speech thelapists attending the

Adelaide Dental Hospital to confirm the presence of a tongue thrust swallowing pattern,

and the existence of any abnotmal speech sounds.

R adi o gr aphic as s e s,s ment

Lateral head radiographs were taken before and after completion of the tongue re-

education therapy. A post-therapy ladioglaph was not taken for child A because of

parental refusal, ancl therefbre lateral head radiographs were available for only 7 of the 8

experimental group childlen. The fìlms were viewed on a light box in a darkened room,

and tracecl on acetate with an 0.5mm pencil using shielding as necessary to assist in the

location of landmarks; all films were traced and measured using 400mm 2x

magnification loupes.

The lanclmarks defined in Table 5 were used to determine the angular and linear

measurements listed in Table 6. A graphical representation of the landmarks and

angular ancl linear measurements can be found in Figure 1. These measurements were

selected to facilitate comparison of the vertical and hotizontal facial patterns of the

subjects, ancl to asses.s any change in incisor position occurring between the beginning

and end of the coutse of tongue re-education therapy.

6.2.3 Control grou.p

The control group con.sisted of 8 male children aged between 9 and 11 years of age with

no tongue thrust swallowing pattern ol AOB, who wete the subjects of pfevious

lesearch by Dr Anclrew Tinclall in the University of Adelaide Orthodontic Department

(Tindall, 1998).

Radi o g r uph i c as s e,ç s tn.ent

Lateral head radiographs were taken at the initial visit, and these were traced and

measured by ASC as described above. Radiographs were not taken for 2 children

because of parental refisal, ancl theretbre lateral head radiographs were available for

only 6 of the 8 control group children.
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Table 5 Cephalometric landmarks used & their definitions

S

N

Sella

Nasion

Anterior Nasal
Spine

Posterior
Nasal Spine

Subspinale
(A Point)

Supramentale
(B point)

Gnathion

Menton

Gonion

lncision
superius

lncision
inferius

The centre of the hypophyseal fossa (sella turcica)

The fronto-nasal suture at its most superior point on the curve at

the bridge of the nose

The most anterior point on the maxilla at the level of the palate

The most posterior point on the bony hard palate in the sagittal

plane

The most posterior point of the curve between ANS & Supradentale

The most posterior point of the bony curvature of the mandible

below lnfradentale and above Pogonion

The most anlerior inferior point on the lateral shadow of the chin

The lowest point on the symphyseal outline of the chin

The most posterior inferior point at the angle of the mandible

The incisal tip of the most anterior maxillary central incisor

The incisal tip of the most anterior mandibular central incisor

Upper incisor apex

Lower incisor apex

The most inferior point on the upper lip

The most superior point on the lower lip

A

B

ANS

PNS

Gn

Me

Go

ls

UIA

LIA

Ss

Si

Stomion
superius

Stomion
inferius

ti

Moyers, 1988; Enlow & Hans, 1996
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Table 6 Angular & linear measurements used in cephalometric analysis

SN-MP

SN-PP

SNA

SNB

ANB

N-PP

PP-Me

AFH

ls-PP

Ii-MP

AOB

U1-SN

U1-PP

IMPA

llA

ILG

NLA

o

mm

mm

mm

mm

mm

mm

o

o

mm

o

Cranial base to mandibular plane angle (Go-Gn)

Cranial base to palatal plane angle (ANS-PNS)

Antero-posterior position of maxilla to cranial base

Antero-posterior position of mandible to cranial base

Antero-posterior relationship between maxilla and mandible

Upper lace height perpendicular to palatal plane

Lower face height perpendicular to palatal plane

Anlerior face height (N-Me) perpendicular to palatal plane

Distance from maxillary incisaledge to palatal plane

perpendicular to palatal plane

Distance from mandibular incisal edge to mandibular plane along

lower incisor axis

Distance from mandibular incisal edge to upper incisor along

lower incisor axis

Angle of maxillary incisor to cranial base

Angle of maxillary incisor to palatal plane

Angle of mandibular incisor to mandibular plane

lnter-incisal angle

lnter-labial gap perpendicular to palatal plane

Naso-labial angle

Owen, 1984; Lopez-Gavito et a1.,1985; Proffit, 1991b
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U1-SN

Ul.PP

AOB

I1-MP

Figure 1 Gephalomotflc landmarke with llneqr & angular rneasuremerrtg

N

s

AFH

Go

NLA

PP-Me

ILG

ls-PP

SNB
SNA

ANS

N-PP
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6.3 Plate construction

At the initial visit an inclelible pencil was used to mark the junction of the hard and soft

palates before a second upper alginate impression was taken. The impression was

acceptable only if the indelible pencil mark was visible on the impression material,

indicating adequate distal extension. This impression was used for the construction of

two acr.ylic baseplates with Aclams clasps on the second deciduous molars- One

baseplate was used as the 'dummy' trainer plate, and the other was used as the acrylic

baseplate fot the EPG plate, as shown in Figure 2 on the following page' The

construction of the EPG plate is clescribed in detail in the Reading University

Electropalatograph EPG3 manual, tiorn which the following is taken:

"An essential component of the EPG system is an artificial palate. This is made from

acrylic, moulded to ût the upper palate and teeth, and contains 62 miniature silver

electrocles expgsed to tlìe lingual surface. These are arranged according to a

predeterrninecl scheme basecl on anatomical landmarks. This ensures adequate coverage

of the entire palate including phonetically important areas, such as the region near the

junction between the harct ancl soft palates ancl the lateral margins close to the side teeth.

The procedure involves fìrst marking the positions fbr the electrocles on a plaster model

of the subject's ... palate ancl teeth. Three ref'erence lines are then traced out on the

surface:

1 a line clrawn horizontally across the top of the model tluouglr tlre palatal junctures of

the upper ... incisors.

2 aline clrawn horizontally tluouglr the mid point of the juncture between the hard and

sott palate.

3 aline drawn vertically down flre centre of the palate.

T\e 62 electrode positions are arranged in eight horizontal rows with eight electrodes in

each row, except the first (the most anterior) which has six. The most anterior and most

posterior rows constitute the two horizontal ref-erence lines, | &' 2 above. Along these

lines the electrorle positions are markecl out at equidistant intervals with the most lateral

ones just insicle the side teetþ. The remaining rows are arranged so that the spacing

between the fiont fbur rows is hatf that of the back fìrur rows. As with the first (most

anterior) ancl eighth (most posterior) rows, the contact positions ane equally spaced across

the rows. The electrocle positions are markerl out on the plaster model and used as a guide

fìlr placing the electrocles during the palate manufacture process. The electrodes

themselves are thin silver discs 1.4mm in cliameter, each connected to a 46cm length of

41 s.w.g. enamellecl copper wire. The bunclles of wire fiom the electrodes are brought to

the posterior corner of the palate, ... ancl are fÞcl out of the ntluth via tlre buccal surfaces

of the maxillary clentition. The wires are protectecl by soft heat-shrink tubing.
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Thc choice cll'anatourically-based rcl'crcucc liues and thc proportional spacing ol thc

elcctrodcs cnsurc that dill'ercnt palatc sizcs and shapcs cau bc cotuparctl witlt rel'crcncc to

specil'ic rows ancl clcctrrlcic positious, Thus l'or cxanrple, row ltutnber 3 (third lïonl thc

edgc ol'the alvcolar ridgc) will stand in rnurc or less the saulc relationship to the pill¿¡te

and tceth in rlill'ercnt subjccts.

ft is imprlrtant tlìat the palate intcrlcrcs as littlc as p0ssiblc with n()rnlal spcech

productirln. It shoulcl bc as thin as possiblc, but at thc saute [itnc rohust ettouglt to tolcral.e

lïec¡ueut use ¿ìncl thick cnough to kccp its shape accuratcly. Atr cxact lit is cssctttial antl

the palatc shoultl uol tìlovc cvcn whcu considcrablo prcssure is cxcrtcd on lhe postcrior

erlge, as rnay lrappcn lìlr exarnplc during thc cklsure lirr a vclar stttp. It is a routitlc

procctturc to issue clicnts with ¿l 'pr¿lctice plate', This is u c'luplicatc plutc, witltt)t¡t llìe

clectr(x'les ancl wircs, or cotìncctor, which c¿tn bc takctt ltotuc iutti worlt lilr ittcrcasing

pcriods of tirnc prirlr to clinical sessiolrs,"

Each chikl attenclcd again li)r I'itting ol'l.he two plal"es, and al'ter any acl.iustmcnts, thc

trainer plate was takcn honlcr. Thc chilcl was l'equested to wLrar the Lraincl' platc l'ull tittic

ftlr 3 days prior Lo the EPG rccording session.

Figure 2 EPG plate
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6.4 First electropalatographic (EPG) recording

6.4.1 Equipment

The apparatus for EPG recording consisted of the EPG plate, a microphone, a hand held

electrode, a multiplexer, the EPG3 unit, and an IBM compatible PC containing an EPG3

interface cald, ancl monitor, keyboard, mouse, and headphones. All connections were

made as directed in the EPG3 manual. The system was switched on, and the EPG3

programme started. The equipment was tested to check that all components were

properly connectecl ancl functioning correctly. With the child speaking into the

microphone, the gain was adjustecl to peak below maximum level to avoid distortion-

The EPG palate was insertecl, ancl the hand held electrode given to the child to hold.

With the EPG3 programme in the 'HOLD' mode, which 'remembers' and displays any

electrode touched by the tongue, the child was asked to try to make all the contacts

'light up' on the monitor. Any that could not be made to work were inspected, and any

excess acrylic wa.s removed. The palate was then tested in the mouth again. All 62

contacts were funstioning propelly befole a recording session was started.

6.4.2 Procedure

A phonetically balanced list of test words was compiled to provide a wide range of

consonant articulations in initial, medial ancl final po.sitions within words, and in

association with dift'erent vowels. This word list, which is shown in Appendix 1

beginning on pâge 155, was usecl to assess dynamic tongue activity during speech- Each

child was a.skecl to read each gloup of 4 phrases into the microphone, and a group was

saved only if the words wele reacl tluently and without r¡istakes. This resulted in 37

liles conesponding to the 37 groups of 4 words.

Recordings of swallowing activity were also made; because no sound was recorded

dur.ing swallowing, these files containecl EPG data only. Each swallow was recorded in

a separate file. The chilcl was askecl to take a moutht-ul of wator and to hold it until the

r-ecording was started. When the cornmand was given to the EPG3 programme to

initiate the recolding, the child swallowecl the water. In the same way a second

recor.ding was made with the child swallowing saliva instead of water to obtain a

recording of a 'dry' swallow. This process was repeated two further times, producing

six files consisting of three pairs of recordings of water and saliva swallows.

The 43 files created in each session were saved in a tblder bearing the child's name.

Each entire recording session lasted approximately an hour.
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The procedure clescribed above was also used by Dr Andrew Tindall for the EPG

recordings of the 8 control group subjects (Tindall, 1998).

6.5 Tongue re-education theraPY

Each child visited the speech therapist for an initial assessment of speech and tongue

function before the first EPG recording session. Fol each child the speech thelapist

confirmed the diagnosis of tongue thrust swallowing pattern.

A set protocol of therapy, consisting of four twenty minute sessions spaced fortnightly,

was used for all children. The EPG system was not used as a therapeutic aid. Treatment

was instituted as soon as possible atter the first EPG recording. When no clinical

appointments were available, or when attendance was not possible for some other

leason, the closest suitable appointment was given.

The first stage of therapy was clirected towards developing new muscle patterns

necessary as a fbundation fbl con'ect swallow and correct lip and tongue postures. This

was followecl by instruction ancl practice in the use of a normal swallow using liquid

and semi-solid materials (Zante, 1994).

6.6 Second electropalatographic (EPG) record¡ng

Each patient was .seen again after completion of the course of tongue re-education

therapy. After checking the fit of the two plates, and adjusting the clasps and baseplates

as necessary, an appointrnent was arranged for the second EPG recording within a

month of completion of the course of tongue re-education therapy. The second

recording was conducted in exactly the same way as the first recording for both the

control and experimental gloup suhjects.

A second lateral head film, upper and lower alginate impressions for study models, and

photographs were taken for the expelimental group subjects at the same visit as the

second EPG recolding.

6.7 Analysis

6.7. 1 Cephalom.etric thtrt.

DifTerences between mean values of the cephalometric variables listed in Table 6 were

calculated tbr the control group and the experimental gloup before tongue re-education
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therapy, and fbr the expelimental group hefore and atier therapy. Comparisons were

made using Student's /-tests. Statistical significance was pre-determined atp < 0-05-

6.7.2 Electropa.kûo graph.ic dota

The data obtained from the EPG recordings were analysed according to the methods

described i¡ detail in previous work from the Orthodontic Department at the University

of Adelaide (Tindall, 1998). The EPG data was analysed with the EPG3 programme and

with additional programmes written by John Henderson, Chris Wallace and Andrew

Tindall. From the raw EPG data, these programmes were designed to extract details of

the frequency of occurrence, duration, and average notional tow number (ANR, a

nominal average representing tongue position derived 1ì'om the number of contacts per

row over tirne weighted towards the fiont of the palate) of all closures, and ANR and

symmetry of whole words and swallows.

Closure data

Each word fiom each EPG recolcling session was examined for closures. A closure was

definecl as an EPG event in which continuous contact occurred from one side of the

palate to the other, thus pleventing the passage of air. Examples of speech sounds

involving closure lre ldl, the voicecl, and ltlthe voiceless alveolar stops, and the velar

stop /k/ (Clark & Yallop, 1995).

Phonemes are represented throughout this text in the conventional mannet, for example,

the vela¡ closuLe, lkl, itt the word suit/k/ase. This notation is simple and easy to

understand, although as in the example given, the conventional phonemic symbol may

diff'er tiom the normal consonant in the written word. The test words and their

phonemic notations are included in Appendix 2 on page 157-

The forty-two closures listed in Table 8 wele chosen to provide a selection of ditÏerent

closure types tbr analysis. As can be seen tì'om Table 8, examples of initial, medial and

final positions arc prcscnt tbl many closures, and a mixture of singletons and clusters

was included.

It should also be notecl that the word 'box' ends with 2 phonemes, /V followed by /s/,

within the 'x' consonant. To clifÏerentiate between the two component articulations,

these are denoted as either 'bo/k/s' or 'bok/s/' where relevant. The /s/ phoneme does not

normally constitute a closurc. However, it was made occasionally by children from both

the control and the experimental groups.
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Table 8 also contains details of the location of production of each closure, the

classification of each closure type accolcling to the mannet of articulation, the position

of each closure within the word, and the context in which the closure occurs. A simple

closure occurs in isolation from other consonants, as for example inlaldler, whereas a

coarticulated closure is closely related to, and can even ovedap another consonant, as in

ldlrcdger, where the hlmay affect the production of the initial /d/ closure. In complex

coarticulations two closures can occur simultaneously; for example, in 'cocktail' the

velar stop /k/ at the end of the first syllable otten persists beyond the start of the alveolar

stop /t/ at the beginning of the second. In such cases the data for the overlapping frames

was duplicated and edited .so that the two closures could be analysed separately.

Closure .fre(luency

Each closute wùs recorded 3 tirnes for each of the 8 subjects, and therefore the

maximum possible number of usable recordings at each recording session wæ 24.

However, some recordings of closures could not be analysed; for example, if the child

releasecl the hand held electrode during the recolding, no EPG data was recorded.

Therefore, the numbel of usable recordings lef'erred to subsequently represents the

number of recordings for which analysis was possible. The closure frequency is the

number of actual occurrences of the closure expressed as a percentage of the potentially

usable recordings of closures.

Although a closure was defined as an EPG event in which continuous contact occuned

from one side of the palate to the otheL, thus preventing the passage of air, some

closures can be made without complete occlusion of airtlow. For example, the alveolar

lateral /l/ is plocluced hy allowing lateral airflow to occur while the apical region of the

tongue is held against the alveolar ridge; depending on the bleadth of the contact

between the tongue and the palate, an EPG closure rnay be seen although air is still

passing. Furthermore, it is possihle to make sounds which are recognisable as stopped

consonants without EPG closure occurring. For example, the medial alveolar stop /l in

ffolüu can be made by a glottal stop, with no EPG contact. In order to measure this

variability the fiequency of occur't'ence of each of the 42 closures was calculated.

Closure tlu.ration, overage notionol row (ANR), tutd clo,sure intensity index

A smaller set of closures which were made consistently in both the control and

experimental groups was selectecl tbl more detailed analysis. The criteria used to select

these closures for the control group ,specified that they occur in more tharn 83Vo of the

usable instances, and that for each child no more than one repetition was missing in

each recording session. Fourteen closules met these criteria in the control group,

wheleas only two closures tïlfillecl these criteria for the experimental group before

tongue re-education thelapy. It was theretbre necessary to alter the criteria for the
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selection of closures in the experimental glotrp. The tÌequency of occurrence of the

fourteen control group closures was compared with the tiequency found in the

experimental group before therapy. The most frequently occurring example of each

closure type in the experimental group was selected for further analysis. Thus the

resulting eight closures, which are listed in Table 7 , and marked in Table 8, were the

most reliably ploduced examples of each closure type in both the control group and the

experimental group before therapy. As can be seen from Table 8, this subset of eight

closures includes a wide variety of closure types.

Duratiott

The frame numbers limiting each closule were usecl to calculate the closure duration in

f}ames. One frame = 10 milliseconds.

Avet'o.ge nofi.onll row (ANR)

The fiont and rear rows involved in each fiame were used to calculate the average

notional row number fbl each closure.

Clo,su.re index

The closure index, ot inclex of intensity of a closurc is the product of the mean number

of rows involved in a closure and the mean percentage of contacts in those rows; it is a

measure of the amount of linguo-pal¿tal contact in a closure (Tindall, 1998).

Word dato

Each phrase in the wold list usecl for the lecordings begins with'it's 4...'which

contains a /t/ closure. The stalting frame fbr each subject word was the frame in which

the end of the 'it's a...' closure occumed. The dutation of each wot'd in hundredths of a

second was found by subtracting the starting tiame number tiom the last frame number.

The thirty-two worcls listecl in Table 9 were selected from the list in Appendix 1 fbr

whole worcl analysis. Using the EPG3 programme together with the programmes

written by John Henderson, Chris Wallace and Andlew Tindall, the pattern and

symmetry of EPG contact were examined, and average notional row number (ANR) tbr

each word was calculated for the selected words.

SwaIIow datn

The EPG clata for the saliva and water swallows was examined, and the duration of the

propulsive pha.se of each swallow in tiames w¿Ìs estimated. The frame in which the

posterior extrusion of the bolus commenced was the starting frame. The final frame was
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the frame in which maximum contact occurred. The pattern and symmetry of EPG

contact were examined, and ANR lbr each swallow was calculated.

StatisticaI analy,ris

The EPG data consists of three repetitions of each closure, word or swallow obtained

from the first lecording and three from the second recording. EPG results from the

control group and the experimental group before the course of tongue re-education

therapy were compared to check for dif'ferences in tongue activity between the groups.

Any treatment etïect was assessed by comparing results from the experimental group

before and after therapy.

Recordings of particular closures, words or swallows could not be used if the child

released the hand-held electlode during the recording; no EPG data was registered when

this occulred. Recordings were also unusable if more than 5 closures were made within

a word, or if the duration of a closure was over 5 seconds; these limits were

predetermined by the software used for analysis.

In order to prevent unusable repetitions from skewing the results, a repeated measures

analysis of variance with 'within child' factors of se.ssion and replication within session

was used. A cornpound symmetric euor structure was âssumed. Programme "5V"

(unhalanced repeated measures) from the BMDP Statistical Software package was used'

This programme allows for mi.ssing data such as the unusable repetitions in the EPG

recordings.

Because the number of values obtained fbr each EPG patameter was so large, statistical

significance was pre-determined atp < 0.01

Table 7 Subset of closures subiected to detailed
analysis

l{ lain

ldloor

l$/oke

llleg

lelg/

/n/ose

suiVk/ase

llleam
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Table 8 Classification & description of closures selected for analysis

Location Closure Type Position Context Word

alveolar voiceless plosive initial

initial

medial

medial

medial

medial

final

final

final

simple

simple

simple

coarticulated

coarticulated

coarticulated

simple

simple

simple

lVack

Itleam S

lrolVer

cock/Vail

s/Vretcher

sui/t/case

kitka/U

squashki/V

star/V

d voiced plosive initial

initial

initial

medial

final

final

simple

simple

coarticulated

simple

simple

simple

/d/esk

ldloor S

ldlredger

la/dler

swor/d/

lhrealdl

lateral initial

medial

medial

final

simple

coarticulated

coarticulated

simple

llleg S

c/l/ock

s/l/ipper

cocktai/U

n nasal initial

final

simple

simple

/n/ose S

chaUrr/

s voiceless fricative final coarticulated bok/s/

palato-alveolar rf voiceless affricate initial

medial

medial

medial

final

simple

simple

coarticulated

coarticulated

simple

lçlain S

stre/ ç/er

wi/ç/craft

deck/ç/air

calçl

dr voiced atfricate initial

medial

simple

simple

l4loke s

drel ùJer

velar initial

initial

initial

medial

medial

medial

medial

medial

final

final

final

k voiceless plosive simple

simple

coarticulated

coarticulated

coarticulated

coarticulated

coarticulated

coarticulated

simple

simple

simple

/k/astle

/k/itkat

/k/lock

bo/k/s

co/k/tail

de/k/chair

suiVldase $

witch/k/raft

lalkl

mathsboo/k/

des/k/

s voiced Þlosive final simple lølgl S

final simple tho/r/

Clark & Yallop, 1995

tì nasal

$ closure selected for further analysis (see text)
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Table 9 Words selected for
analysis

biscuit

box

castle

catch

chain

clock

desk

door

dredger

feather

llash

joke

ladder

leg

measure

nose

Íazor

saddle

seesaw

shack

shore

skate

slipper

star

sword

tack

team

thong

thread

tooth

tune

zip
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6.8 Assessment of reproducibility

6.8.1 Radiographic error study

In order to assess the reproducibility of the identification and measurement of the

cephalometric values, eight latelal head films were selected from the pre-therapy and

control groups using random numbers (Campbell & Machin, 1993). The selected films

were traced and measured a second time by the same method, and by the same observer.

The standard deviation of a single determination was calculated using the following

equation:

s-

where ,S = the error of a single measuremeÍú, cl = the difference between the two

readings, and n = the numbel of difTerences (Dahlberg, 1940).

d2

2n



sllnsoH 'L
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7.1 Introduction

The results consist of cephalometric and electropalatographic (EPG) data from eight

boys with anterior open bite who underwent a course of therapy aimed at re-education

of swallowing behaviour, and eight normal boys who form a control group. Following

the sections describing the tongue re-education therapy, and the radiographic error

study, the data are arranged in fout further sections. The first compares cephalometric

data from the control and experimental group before therapy, the next compares

cephalometric data from experimental group before and after therapy, the third

compares EPG data from the control ancl experimental group before therapy, and the

last compares EPG data from experimental group hetbre and after therapy- A short

summary follows each of these four sections.

Initial lateral head radiographs were taken for the control and expelimental group

chilcfu.en, and a further radiogtaph was taken tbr the experimental group subjects after

completion of the course of therapy. Within each section the data are arranged in

subsections which ref-er to veltical, antero-postetiot', dental and soft tissue change- The

cephalometlic data are summarisecl to illustrate group et'tects. However, for reference,

the values fbr all cephalornetric measurements tbr each child are reproduced in full in

Appendix 3 on pages 158 - 161.

The electropalatographic clata tefer to initial recoldings made by children in the

experimental and contlol groups, and a second tecording made by the experimental

subjects after the course of tongue re-eclucation therapy. Within each section the data

are arranged in subsections whicl-r refer to closures, wotds and swallows. Palatograms

summarising the electropalatoglaphic clata are reploduced in Appendix 4 on pages 162 -

171, and are also included in the text were relevant.

At the fìrst EPG lecording the mean age of the children in the experimental group was

9.93 + 1.02 years ranging fi'om 9.08 - LL.75 years. The mean age of the children in the

control group was 10.23 + 0.53 yeat's langing tì'om 9.35 - 10.84 years.

One subject in the experimental group (child D) was over 11 years old at the time of his

first EPG recolcling. Although at his initial visit he was under 11 yeals of age, and his

EPG plate was constructecl within a fortnight, t'amily circumstances precluded his

attendance tbr the tìr'st recorcling ses.sion until 9 month.s later, hy which time his age fell

outside the selection critelia. However, he was included in the sample.
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7.2 Tongue re-education therapy report

The 8 chilclren in the experimental group underwent a course of therapy designed to

alter tongue function during swallowing. The therapy sessions were spaced fortnightly.

When this was not possible, appointments were made as close to two weekly intervals

as possible. Table 10 shows the time in weeks which elapsed between the first EPG

recording, tongue le-education therapy visits & second EPG recording.

As can be seen from Table 10, child B did not attend for tongue rc-education therapy for

more than six months after the tirst EPG recolding.

Child C was withdrawn fi'om tongue re-education thelapy after three sessions as his

mother felt that no benefit was being gained from the therapy. This is represented by $

in Table 10. A periocl of 10 weeks elapsed between this child's third tongue re-

education therapy appointment and the second EPG recording.

For child D, the learned swallowing pattern was generalised by the fourth tongue re-

education therapy appointrnent.

In the case of four children (8, E, F & H), the learned swallowing pattern was

generalised after only three therapy sessions; it was therefore decided that the fourth

session was unnecessafy, and this is rcptesented by a hyphen in Table 10.

In the case of two children (A & G), the new swallowing behaviour was not generalised

by the fburth session, and t'urthel therapy sessions were needed aftel the second EPG

recording. This is rcpresented by * in Table 10.
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Table 10 Time elapsed between first EPG recording, tongue-re-edlcj¡tion therapy
visits & ðecond EPG recording (in weeks from the first EPG recording)

chitd Tongue retraining therapY visits Second EPG

recording

First Second Third Fourth

5*

s

5

g'

A

B

c

D

E

F

G

H

1

29

11

1

4

10

1

3

2

31

15

2

6

17

5

6

3

35

17

4

8

19

7

I

I
38

27

7

11

21

11

11

s

final therapy visit unnecessarY
child withdrawn from theraPY

f urther therapy necessary
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7.3 Radiographic error study

A radiographic error study was performed to assess the reproducibility of determination

of the selected cephalometric landmarks. The results of the cephalometric error study

are shown in Table 11, which shows the standard deviation of a single determination

(Dahlberg, 1940) for each variable for the two tracings of each radiograph, the means

and standard deviations of the differences, and the results of a Student's /-test together

with the level of significance of the rcsult.

The values for standard deviation of a single determination show that all linear

measurements were accurate to within lmm, and, except fol the naso-labial angle, all

angulal measurements were accurate to within 2o.

The differences between values from the two determinations were statistically

significant (p < 0.05) tbl only two variables (SN-MP and PP-Me). For all other

variables, ditïerences failed to reach signiticance.
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Table 11 Results of cephalometric error study

Variable
(units)

Standard
deviation of a

single
determination

Mean of
differences
(standard
deviations)

t
(n=8)

Significance

sN-MP (")

sN-PP (.)

sNA (")

sNB (.)

ANB (")

N-PP (mm)

PP-Me (mm)

AFH (mm)

ls-PP (mm)

li-MP (mm)

AOB (mm)

u1-PP (")

IMPA (")

llA (")

ILG (mm)

NLA (")

0.86

0.94

0.54

0.38

0.50

0.60

0.61

o.28

0.56

o.71

0.45

1.43

1.75

1.56

0.38

6.14

3.23

1.23

1.17

1.93

0.00

1.59

2.76

1.43

1.43

2.12

0.81

1.06

0.13

0.30

0.31

1.70

*

NS

NS

ns

ns

ns

t

ns

ns

ns

NS

NS

ns

ns

NS

ns

0.e4 (0.82)

0.56 (1.2e)

0.31 (0.75)

0.31 (0.46)

o.oo (0.76)

0.44 (0.78)

0.63 (0.64)

o.1e (0.37)

0.38 (0.74)

0.63 (0.83)

0.1e (0.65)

0.75 (2,00)

0.13 (2.71)

o.2s (2.35)

o.06 (0.56)

4.6e (7.81)

*

ns
p < 0.05
p > 0.05 (not significant)
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7.4 Gontrol & pre-therapy cephalometric data

The cephalometric values for the control group and experimental group before therapy

are summarised in Table 12. Initial lateral head films were obtained for all children in

the experimental group, but were only available for six of the eight control group

subjects.

Initial cephalometric values for all children are included in Appendix 3 on pages 158 -

161.

7.4. 1 Verti ca.l a,ç,çessm.ent

Control grlup

In the control group the SN-MP angle for one child was less than 28o, indicating a

brachyfacial vertical pattem, and for another was greater than 36o indicating a

dolichot-acial pattern. The SN-MP angles for the remaining fbur children for whom

lateral head radiographs were available fell within the normal range of 28 - 36o

indicating a mesofacial veltical pattern (Steiner, 1960). The mean total anterior face

height was 108.8mm, which is 6mm lower than the fìgure quoted by Wylie, who

measured a group of ninety seven 11 - 13 year old boys whose mean age was 11.5 years

(Wylie, 1952); it was also lowet than the couesponding value of 116.6 * 3.6mm for 10

year old boys in the Michigan Growth Study (Itiolo et o1.,1974). However, the value of

108.8mm is close to the mean anteriol face height of 108.1 + 3.5mm found for long-

faced 10 year old males in the Univelsity of Iowa longitudinal facial growth study

(Bishara & Jakohsen, 1985).

Experim.ental group

In the experimental group befole thelapy, the SN-MP angle fbr five children was

greater than 36o, indicating a clolichofacial pattern. The SN-MP angles for the

remaining three chililren fell within the normal range of 28 - 36o. The mean total

antedor f'ace height of 114.1 + 4.0 was slightly below both the normal value of 114.9 +

6mm from the California analysis (Wylie, 1952), and the value of 116.6 * 3.6mm for 10

year old boys in the Michigan Growth study (Riolo et n\.,I914), but 6mm higher than

the value from long-faced 10 year olcl males tiorn the University of Iowa growth study

(Bishara & Jakobsen, 1985).
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C o mp a.r i.s on o.f gr o up s

Five children in the expelimental group had SN-MP angles over 36o, indicating a

dolichofacial veltical pattern, whereas there was only one dolichofacial child in the

control group. As can be seen from Table 12, no diff'erences in means of the variables

measuring vertical dimension reached statistical significance (p < 0.05), although the

differences tbr SN-MP, AFH and PP-Me almost reached significance. Although the

results of the cephalometric error study (see Table 11) show that SN-MP and PP-Me

were the least reproducible cephalometric measurements, the higher values for SN-MP,

AFH and PP-Mg in the experimental group, while not statistically significant, may

indicate a trend towards longer tace morphology in the experimental group subjects

before thelapy.

7.4.2 Antero -po steri or ussessnrcnt

Control grlup

The mean value fbr SNA of 80.4o is within the normal range of 82 + 2o (Steiner, 1960).

However, three of the control group children had an SNA value of 79.5", which is

slightly below normal. Similarly, the mean value fbr SNB of 77 -2o is within the normal

range of 78 t 2o. Of the two children who had SNB values less than 76o, one had an

ANB of 6.5o confirming a Class II skeletal relationship. The remaining five children

had normal ANB angles between 1o and 5o (Vaden et a\.,1994)-

Experirn.ental group

The mean value for SNA of 81.9o is within the normal range of 82 * 2o accot'ding to

Steiner. However, the range of values in the experimental group children was wide.

Three children hacl SNA values lower than 80o, and three had values higher than 84o.

Similarly, the mean value tbr SNB of 76.9o is within the normal range of 78 + 2o, but

three chilclren hacl SNB value.s less than 76o, and two had values higher than 80o. Four

children had normal ANB values between 1o and 5o, while the remaining four had ANB

values above 5o indic¿ting a Class II skeletal relationship (Vaden et a,1.,1994)-

Comparison o.f group,s

Four of the exper:imental subjects hacl Class I skeletal base relationships, while the other

four were Class II. Of the control group subjects tbr whom lateral head radiographs

were available, one was Class II, and the lemaining tive had Class I skeletal bases. No
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differences in variables measuring antero-posterior skeletal relationship reached

statistical signiticance.

7.4.3 Dentril as,çessm.ent

Control group

The mean anterior open bite of the control group was 0.7 * 0.8mm. All subjects had a

Class I incisor relationship, but only three of the six children had a complete overbite.

The mean angulation of the upper incisor to SN was 103.8o, which is close to the

Steiner normal value of 104 + 4o (Steiner, 1960). The mean IMPA and mean inter-

incisal angle of the control group subjects werc also within the normal range of 95 t 5o

(Owen, 1984) and 135 * 6o (Downs, 1956) respectively.

Experim.ertta.I group

The criteria tbl participation in the stucly specitìed that suhjects should have either an

anterior open bite or an incomplete overbite of 3mm or more. Although the mean

anterior open bite of the expelimental group was 4.1 * 1.4mm, cephalometric

measulelnents indicatecl that two children had an open bite less than 3mm.

Although the mean IMPA was close to normal (Tweed, 1954), the mean UI-SN angle

was 109.6 !5-7o, which is higher than Steiner's normal value of 104 *4o. The mean

inter-incisal angle of the experimental gloup subjects was below 120o, which is

consiclerably less than the notmal value of 135 * 6o (Downs, 1956).

C o mp ar i s ort o.f gr o qts

The mean diff-erence in anteriol open bite between the groups was the only variable

measured which reached statistical signilicance (p < 0-05).

Differences in the angulation of the upper incisors to SN, and inter-incisal angle

between the two gl'oups just failecl to reach significance, but may indicate a trend

towards more proclined upper incisors in the experimental group subjects.
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7-4.4 So.ft tissue assessm.ent

Control group

The mean value for the naso-labial angle was slightly above the upper limit of the

normal range of 105 + 8o (Owen, 1984), but the range and standard deviation were

large. The interlabial gap also varied widely (0 to 5.0mm).

Experim.ental group

The mean naso-lahial angle was within the normal range of 105 * 8o (Owen, 1984), but

the range and standard deviation were large. The inter'-labial gap also varied widely (0

to 8.5mm).

Compnri,son o.f groups

The mean differences in naso-labial angle and inter-labial gap between the two groups

failed to reach signitìcance. Wicle variation was fbund fbr both measurements in both

groups of children. As the children werc not directed either to keep their lips together or

apart while the radiographs were taken, this variation is probably related to lip contact

during the radiographic exposure.

7-4.5 Summary

Betbre therapy, the control and experimental groups were similar for all cephalometric

valiables measured except tbr anteriol open bite, fbr which the difl'erence between mean

values reached statistical signitìcance þ < 0.05).

There was, however, some evidence of a trend towards longer face morphology in the

expelimental gloup subjects betbre therapy.

Similarly, there was some evidence of a trcnd towards upper incisor proclination in

children in the expedmental group.

Wide variation in the values of the soft tissue measurements was found for both groups

of children.
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Table 12 Means & standard deviations of cephalometric variables for control group
& experimental group before therapy

Mean
(standard deviation)

Variable Control Pre-theraPY t
(n = 14)

Significance

72

Mean
Difference

sN-MP (")

sN-PP (.)

sNA (")

sNB (")

ANB (.)

N-PP (mm)

PP-Me (mm)

AFH (mm)

ls-PP (mm)

li-MP (mm)

AOB (mm)

u1-sN (")

u1-PP (")

tMPA (")

ilA (")

ILG (mm)

NLA (")

30.4 (4.3)

6,e (1.e)

80.4 (1.4)

77.2 (1.7)

3.3 (2.1)

4e.o (2.3)

5e.8 (3.8)

108.8 (5.8)

26.8 (1.e)

35.6 (2.e)

0.7 (0.8)

103.8 (3.8)

110.7 (3.7)

e6.8 (3.1)

12e.2 (4.3)

o.e (2.0)

114.4 (7.0)

35.8 (3.7)

5.4 (3.1)

81.e (4.3)

76.e (3.4)

5.0 (2.3)

4e.e (1.6)

64.2 (4.o)

114.1 (4.0)

28,1 (3.5)

37.1 (3.6)

4.1 (1.4)

10e.6 (5.7)

1 15.0 (5,5)

e5.4 (7.4)

11e.e (8.2)

2.0 (3.0)

108.e (6.0)

5.4

1.5

1.5

0.3

1.8

0.9

4.4

5.3

1.3

1.5

3.4

5.8

4.3

1.4

9.2

1.1

5.5

2.14

1.O2

0.8'l

o.20

1.40

0.84

1.86

1.82

o.82

0.87

3.04

1.89

1.56

0.44

2.11

o.77

1.49

ns

ns

ns

NS

ns

NS

ns

ns

ns

ns

t

NS

ns

NS

NS

NS

NS

* p < 0.05
p > 0.05 (not significant)NS
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7.5 Pre- & post-therapy cephalometric data

The cephalometric values for the experimental group before and after therapy are

summadsed in Table 13. Latelal head films were obtained for all children in the

experimental group befole therapy, and tbr all except child A after therapy. The

cephalometric data was therefore analysed only fbr the 7 children for whom pre- and

post-therapy films were available. This accounts tbr the different values for the pre-

therapy children which appear in Table 12 and Table 13.

7.5. 1 VerticcLl assessnxent

P re -lh.eropy condition

In the experimental group befbre therapy, the SN-MP angle for four children was

greater than 36o, indicating a dolichofacial pattern. The SN-MP angles for the

remaining thlee children f'ell within the normal range of 28 - 36o. The mean total

anterior fäce height of 114.1 t 4.4 was slightly below both the normal value of 114.9 +

6mm from the Califbrnia analysis (Wylie, 1952), and the value of 116.6 * 3.6mm for 10

year old boys in the Michigan Glowth Study (Riolo et a1..,1914), but 6mm higher than

the mean total anterior face height of 108.1 * 3.5rnm fbund tbr 10 year old males in the

University of Iowa growth study (Bishala & J¿kobsen, 1985).

P o,rt-th erapy con tliti on

The SN-MP angle for three children was greater than 36o, indicating a dolichofacial

pattern. Values fbr the lemaining four children for whom lateral head films were

available fell within the normal range of 28 - 36o. The mean antetior face height of the

group after therapy w¿ts 115.7 + 5.lmm, which is still slightly lower than the value of

116.6 * 3.6rnm fbund tbr 10 year old boys in the Michigan Growth Study (Riolo et rtl.,

1974), but slightly higher than the California analysis notmal value of 114.9 * 6mm

(Wylie, 1952), and 7.6mm higher than the value fbr long-faced 10 year old males tiom

the University of Iowa study (Bishala & Jakobsen, 1985).

Compo.ri.son o.f pre- & po,st-th.eratrty contlition

Initially, lbur children were dolichotacial, and yet atier therapy only three children in

the experimental group had an SN-MP angle over 36o. The v¿lue for SN-MP for child F
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decreased by 0.5' to 36o, and he therefore ceased to be classed as dolichofacial,

although the difference of 0.5o is below the measurement enor of 2o.

Of the five children for whom the SN-MP angle incteased (8, D, E, G & H), only for

child E was the dit'ference greater than the measurement error of 2o. Interestingly, his

SN-MP increased by 2.5", while his anterior f¿ce height remained constant. SN-MP for

child C t-ell by 3o during the observation peliod, however, this child appears to have

protruded his mandible during the second radiographic exposure. Growth may also have

accounted fbr some of this apparent change, but it should be noted that SN-MP was

shown to be poorly reproducible in the cephalometúc error study.

Although two children (u & c) maintained the same antelior face height between the

two latelal head radiographs, AFH increased by more than lmm fbr the other children

(8, c, D, F & H). AFH fol childD increased by 4mm.

Although mean values tbr SN-MP, SN-PP, N-PP, PP-Mo and AFH increased slightly

after therapy, none of these dilTèrences even approached statistical significance.

7.5-2 Antero-posterior essessm.ent

P re - th er n py c ontlition.

The mean value fbr SNA of 82.1o is within the nolmal range of 82 * 2o according to

Steiner (Steiner, 1960). However', the lange of values in the expetimental group children

before therapy was wide. Thlee children had SNA values lower than 80o, and three had

values higher than 84o. Similarly, the mean value tbl SNB of 77.3" is within the normal

range of 78 * 2o, but two children had SNB values less than 76o, and two had values

higher than 80o. Four childlen had normal ANB values between 1o and 5", while the

remaining three had ANB values above 5o indicating a Class Il.skeletal relationship.

P o,s t - th er alty c o nditi on

The mean value fbr SNA did not change duling the observation period, but the range

remained wide. Three children had SNA values lower than 80o, and three had values

higher than 84o. The mean value for SNB of 77.6" is within the normal range of 78 +

2o, but three children hacl SNB values less than 76o, and two had values higher than 80o.

Five children had normal ANB values between 1o and 5o, while the remaining two had

ANB values of 7o, indicating a Class II skeletal relationship.
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Contparison o.f pre- & post-th.erapy condition

Initially, three subjects had Class II skeletal relationships, and this number dropped to

two after therapy. Of these three, and child C appears to have postured his mandible

forward during the post-therapy radiographic exposurc (see below).

The mean value for SNA decreased by 0.3o, the mean value for SNB increased by the

same amount, and ANB decreased by 0.6". However, these small differences are within

measurement error, and f'ell well short of statistical signifìcance.

For all children, SNA either remained the same during the observation period, or

changed by less than 2o. The same was true tbr SNB, except for child C, whose SNB

value incleased by 3o. As his mandibular length did not change between radiographs,

and his oveljet was 3mm less on the second tilm, this increase in SNB is probably

attrihutable to forward mandibular posture during the exposure of the post-therapy

radiograph, although growth rnay also have contributed to this change.

7-5.3 Dental as,çessm.ent

P re- th ernpy c ondi tiott

The criteria tbr participation in the study specitied that subjects should have either an

anterior open bite or an incomplete overbite of 3mm or more. Although the mean

anterior open bite of the experimental group was 4.0 t 1.5mm, cephalometric

measulements indicated that two children had an open bite less than 3mm.

Although the mean IMPA was close to normal (Tweed, 7954), the mean Ul-SN angle

was 109.8 + 6.2", which is highel than Steiner's normal value of 104 *4o. The mean

inter-incisal angle of the expelimental group subjects was 120.5o, which is considerably

less than the normal value of 135 * 6o (Downs, 1956).

P ost- th.erapy c:on di ti on

Atter therapy the mean anterior open bite of the experimental group was 3.1 * 2.3mm,

with an open bite of less than 3mm in thlee children.

The mean IMPA was 96.6 + 7.I", which is within the normal range of 76 - 99o (Tweed,

1954), but the me¿rn angulation of the upper incisor to SN was 109.1 + 7.'7o, which is

higher than Steiner's normal value of 104 * 4o. The mean inter-incisal angle of the

experimental group subjects was below 120o, which is considerably less than the normal

value of 135 + 6o (Downs, 1956).
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Com.pa.risort o.f pre- & po,st-îh.erapy contlitiott

Mean values tbr both Is-PP and Ii-MP increased slightly after therapy, indicating a trend

towards further eruption of these teeth. The mean value for AOB decreased slightly

after therapy, but neither the mean dit'ference in AOB nor the change in any other

variable measured reached statistical signiticance.

AOB increased by lmm in child o, remained the same in child G, and decreased for the

remaining five children for whom lateral head radiographs were available (n, C, E, F &

H). In three children (E, F & H), the AOB decreased by lmm or less, but in two (n & C),

the open bite reduced by 2.5mm durÌng the observation period. For these two children,

eruption of both the upper and lowel incisols contributed to the teduction in open bite,

while for the remaining childten no clear pattem was seen.

The inter-incisal angle for two children (D & H) changed by less than 2o. For the

remaining chilch'en, IIA changecl by more than 2o. Only in child G did it increase (by

2.5o),whi1e in the other children (8, C, E & F),IIA decleased by between 2.5" and9".

7.5.4 So.ft tis,sue ússessm.ent

P re - th.er apy c oruli tiott

The mean naso-labial angle was within the normal range of 105 + 8o (Owen, 1984), but

the range and standard deviation \ryere large. The inter'-labial gap also varied widely.

P o,st- Íh era py conrlitton.

The mean naso-labial angle was still within the normal range of 105 t 8" (Owen, 1984),

but the range and standard deviation were large. The inter-labial gap also varied widely.

Compari,son o.f pre- & post-thern¡ty conditiott

The mean ditïerences in naso-labial angle and inter-labial gap betbre and after therapy

failed to reach statistical signiticance.

There was a wide v¿r'iation in ditTerence.s between inter-labial gap measurements for

individual childlen belbre and atter therapy. As the children wete not directed either to

keep their lips together or apart while the radiographs were taken, these differences are

probably related to lip contact during the radiographic exposure.
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Although the mean dift'erence between the values for the naso-labial angle before and

after therapy was only 1.9o, values varied widely for individual children in the two

radiographic examinations. This is consistent with the standard deviation of a single

determination of 6.14o for the measurement of the naso-labial angle found in the error

study.

7.5.5 Sum.ntary

Very little cephalometric change was tbund in the experimental subjects during the

observation period. Dift'elences tbr vertical and antero-posterior skeletal parameters did

not even approach statistical signitìcance.

There was, however, some evidence of a trend towards reduction of the AOB, and

further eruption of the upper and lower incisor teeth, although these differences failed to

reach statistical significance.

Wide variation was found in soft ti.ssue measurements tbr both groups of children.
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Table 13 Means & standard deviations of cephalometric variables for experimental
group before & after therapy

Mean
(standard deviation)

78

Variable Before
therapy

After
therapy

Mean
Difference

t
(n = 14)

Significance

sN-MP (")

sN-PP (.)

sNA (.)

sNB (.)

ANB (")

N-PP (mm)

PP-Me (mm)

AFH (mm)

ls-PP (mm)

li-MP (mm)

AOB (mm)

u1-sN (")

u1-PP (")

tMPA (")

ilA (.)

ILG (mm)

NLA (")

35.5 (3.8)

5.6 (3.3)

82.1 (4.6)

77.3 (3.4)

4.s (2.5)

4e.e (1.8)

64.3 (4.3)

114.1 (4.4)

28.1 (3.8)

37.0 (3.e)

4.0 (1.s)

1oe.s (6.2)

115.4 (5.8)

e4.e (7.e)

120.s (8.7)

1 .7 (3.1)

108.8 (6.s)

36.1 (4.1)

6,0 (3.s)

81.e (4.4)

77.6 (4.3')

4.3 (2.2)

so.e (1.s)

64.8 (4.5)

1 1s.7 (5.1)

28.4 (3.3)

38.4 (3.8)

3.1 (2.3)

los.l (7.7)

115.1 (7.2\

e6.6 (7.1)

1 18.4 (6.3)

4.1 (3.3)

106.e (10.4)

-0.6

-0.4

0.3

-0.3

0.6

-1.1

-0.5

-1.6

-o.4

-1.4

0.9

o.7

0.4

-1.6

2.1

-2.4

1.9

o.32

o.21

0.13

0.14

0.48

1.22

o.23

0.65

o.20

0.70

o.92

o.20

0.1 1

0.43

0.56

1.36

0.44

NS

NS

ns

ns

NS

ns

ns

ns

ns

ns

ns

ns

NS

NS

NS

ns

NS

ns p > 0.05 (not significant)
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7.6 Control & pre-therapy electropalatographic data

7.6.1 Closure data

The frequency of closure data below refers to the forty-two closures chosen from the

word list to plovide a selection of diff'elent closure types for analysis. From these forty-

two, 8 closures were selected tbr mole detailed analysis, the results of which are set out

in the 3 subsections which follow the fiequency data. These subsections refer to the

duration, the average notional row (ANR) number, and the closure index of the 8

selected closures.

Clo,sure .frecluency

Control, grouJ)

Table 14 shows the tiequency of occurrence of each closure fbr the control group,

together with the number of recordings which were usable fbr analysis. The method of

determining the tiequency of closures is explainedin'Closure.ft'equ.ency' on page 56.

The words are arranged in older of decreasing tiequency of occumence of the closures.

As can be seen fiorn Table 14, fbur of the selected closurcs were made in all instances,

and sixteen were made more tiequently than 907o. Four closures were never made.

Table 16 shows the frequency of closures for the control and pre-therapy expetimental

gl'oup, arranged by closure. The words are arranged according to the position of the

closure within the word, so that for instance, the tiequency of medial /l closures can be

leadily examined. The occurrence of alveolar closures of between ÙVo and 1007o was

highly variable. The tiequency of r¡edial /t/ closures varied between 0%t and96.027o.

Initial /d/ closures were made with similal fì'equency to initial /t/ closures. Final /d/

closures were made more liequently than medial ldl, ¿ndTinal lü closules. The final /U

closure was never made, while the initial /l/ closure was more frequently made than the

medial /l/ clo.sures. All palato-alveolal closures occurred in more than 40Vo of usable

clo.sures, but no clear pattern emerged when theil position within words was examined.

Apart fiorn the final /rl/ closure, all velat closures were made in more than 507o of

cases, but no clear pattern emerged fiom the tigures.

Experim.etttcLl group

Details of the fiequency of closures made during the ple-therapy lecordings is

summarised in Table 15, which shows the frequency with which each closure was

made, and the number of tecordings which were usable in the analysis. The fi'equency is
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the numbel of occurrences of the closure expressed as a percentage of the usable

closures. Closures are arranged in order of decreasing fiequency of occurlence.

As can be seen from Table 15 none of the closures were made in all instances, and the

final ttt in squashkiltl and kitk¿ì/l were never made. The most frequently occurring

closures were l$loke and ldloor, which were each made in 9l.67Vo of the usable

recordings. No other closures were made in more than 90Vo of instances, while 5

closures occuned in less thtn lIVo of possible instances.

Table 16 also shows the frequency of closures made by the experimental group subjects

hefore therapy, expressed as a percentage of the usable closures, but grouped by

closure. From the table, it can be seen that the occurrence of alveolar closures of

between 07o and 91.61% was highly variable. Initial /t/ closures were made more

tiequently than medial /l closules, and initial /d/ closures were made with similar

frequency to initial /l closures. Final /d/ closures were more fiequently made than final

/l closures and the medial /d/ closure. The tinal /V closure was made rarely, while other

/l/ closures occurred with similar liequency. All palato-alveolar closures were made in

over 65Vo of usable closures, but no clear pattern emerged when their position within

words was examined. The occurrence of velar closures was also highly variable, but no

clear pattem was discemible in the figures.

C o m.p ari s o n o.f g ro ups

Table 16 shows the tì'equency of closures lbr the control and pre-therapy experimental

group, ananged by closure. Fol squashki/l and kitk¿¡/il, too 1-ew closures were made by

any child during any session for statistical comparìson to be possible. This is denoted by

$ in Table 16.

In the case of 8 of the 42 closules, ditïerences were less than 57o; of the other 34

closures, only 4 (suillcase, :xoltJer, s/l/ipper'& wiltf/craft) were made morc fiequently in

the expelimental group, while the remaining 30 closures occurred more frequently in

the control group.

Of the 42 closulcs cxamincd, mean differences for 14 were greater than 20%. Of these,

only wiiSlcraft occurred more fiequently in the experimental group. The greatest

diffelence (4I.67%,) was fbund fbr both /k/astle and /k/lock. Differences for these

closures, and for ltle'¿m and swor/d/ reached statistical signitìcance (p > 0.01). These 4

closures occurred rnole f'requently in the control group, indicating a trend towards morc

consistent production of closure.s in the control group than in the experimental gloup

before therapy.
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Of the 12 initial closures examined, ditïerences fot /d/oor, ldhedget and /cþoke were

below Sfto.Theremaining 9 closurcs werc made more frequently by the control group'

Of the 14 final closules analysed, dit-ferences between the groups was less than 57o for 3

closures (kitka/t/, squashki/t/, & cocktai/V), while all others were made more frequently

by the control group.

For alveolar and palato-alveolar medial closures, no clear pattern was discernible for

diff'erences between the groups. However, of the 5 medial velar closutes analysed, 4

were made more frequently by the control group, while the ditTerence between groups

for the remaining closure (de/L</chair) was below 57r.

For many closures the standarcl error was high compared with the mean ditïerence- This

indicates high variability in the occurrence of closures, and this is teflected in the small

number of dit-ferences which teached statistical signitìcance.
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Table 14 Closure frequency of control group (by frequency)

82

Closure Number made Number usable Frequency (%)

/d/esk

/n/ose

/Veam

suiUUase

cocUVail

ldloor

/kltkat

lelgl

/Uastle

chai/n/

lçlain

lVack

lVeg

ldlredger

calçl

dect</6/air

lqloke

witch/k/raft

drel <çler

swor/d/

stre/ ç/er

threa/d/

des/k/

/k/lock

co/k/tail

s/Vretcher

lalkl

de/k/chair

s/l/ipper

c/l/ock

bo/k/s

mathsboo/ld

laldler

lrollle¡

wi/ç/craft

tho/¡y'

star/V

bolds/

kitka/U

cocktai/l/

squashki/V

sui/Vcase

22

24

24

24

21

23

23

23

23

22

22

21

22

22

21

16

21

19

20

20

18

19

18

19

18

17

16

13

16

15

14

13

13

12

I
I
7

4

0

0

0

0

22

24

24

24

22

24

24

24

24

23

23

22

24

24

23

18

24

22

24

24

22

23

22

24

23

22

22

18

24

24

24

24

24

23

22

24

24

24

24

24

24

24

100.00

100.00

100.00

100.00

96.O2

95.83

95.83

95.83

95.83

95.73

95.58

94.88

91 .67

91.67

91 .04

90.98

87.50

85.98

83.33

83.33

82.67

82.43

80.77

79.17

78.94

76.37

72.65

71.67

66.67

62.50

58.33

54.17

54.17

52.33

43.24

37.50

29.17

16.67

0.o0

0.00

0.00

o.00
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Table 15 Closure frequency of experimental group before therapy (by frequency)

Closure Number made Number usable Frequency (%)

83

l4loke

ldloor

/d/redger

/d/esk

/kfitkat

lUack

/n/ose

suiVKase

lUeam

lçlain

dectdç/air

lhrealdl

s/l/ipper

de/k/chair

lVeg

dre/ 6/er
stre/ ç/er

chai/n/

cock/Vail

calçl

s/Vretcher

lølgl

lrolVer

wi/ç/craft

c/l/ock

witch/k/raft

des/k/

lalW

/ldastle

swor/d/

laldle¡

co/Utail

bo/k/s

/k/lock

mathsboo/k/

tho/ry'

star/V

sui/Vcase

bok/s/

cocktai/U

kitka/V

squashki/V

22

22

21

21

20

20

20

19

19

19

15

17

18

15

17

'17

't7

17

't6

16

16

15

15

15

15

14

14

14

13

12

11

I
9

I
I
6

5

2

1

1

0

o

24

24

24

24

23

24

24

23

24

24

19

22

24

19

23

24

24

24

23

23

24

23

23

23

24

23

24

24

24

24

24

23

24

24

24

24

23

23

24

24

23

23

91 .67

91.67

87.50

87.50

86.44

83.33

83.33

82.58

79.17

79.17

77.61

77.42

75.00

74.O3

73.95

70.83

70.83

70.83

69.26

69.25

66.67

65.99

65.39

65.31

62.50

60.70

58,33

58.33

54.17

50.00

45.83

39.6s

37.50

37.50

33.33

25.00

21.O7

8.51

4.17

4.17

0.00

o.o0
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Table 16 Closure frequency for control group & experimental group before
therapy (by closure type)

84

Location Closure Frequency (%)

Control Pre{herapy

Mean difference

(std. err.)

Significancet

(n=16)

alveolar lVack

lVeam

cock/Vail

s/Uretcher

sui/Ucase

lrollJer

kitkaltl

squashki/V

star/V

94.88

100.00

96.02

76.37

0.00

52.33

0.00

0.00

29.17

83.33

79.17

69.26

66.67

8.51

65.39

0.00

0.00

21 .O7

1 1 .55 (10.85)

20.83 (7,65)

26.75 (14.O3)

e.7o (13.62)

8.s1 (6.s1)

13.07 (13.e4)

o.oo (s)

0.00 (s)

8.1o (16.81)

0.29

0.01

0.06

0.48

0.1 I
0.35

s

s
0.63

ns

ns

ns

ns

ns

s

s

ns

/d/esk

ldloor

ldlredger

laldler

swor/d/

threa/d/

100.00

95.83

91 .67

54.17

83.33

82.43

12.s0 (7.o4)

4.17 (s.84)

4.17 (10.88)

8.33 (1s.17)

33.33 (12.78)

5.02 (12.08)

87.50

91 .67

87.50

45.83

50.00

77.42

0.08

0.48

o.70

0.58

0.01

0.69

ns

ns

NS

ns

ns

llleg

c/l/ock

s/l/ipper

cocktai/l/

91 .67

62,50

66.67

0.00

73.95

62.50

75.00

4.17

17.72 (13.6e)

o.oo (18.11)

8.33 (17.s1)

4.17 (5.2e)

o.20

1.00

0.63

o.43

ns

ns

ns

ns

/n/ose

chai/n/

100,00

95.73

16,67 (10.74)

24.s0 (11.73)

83,33

70.83

0.12

0.03

ns

ns

boUs/ 16.67 4.17 12.so (1 1 .66) 0.28 ns

palato-alveolar Ittlain

deck/t/air

stre Á¡ler

wi/t/craft

calfl

95.58

90.98

82.67

43.24

91 .04

79.17

77.6'l

70.83

65.31

69.25

0.1 1

0.45

0.40

0.1 9

0.10

16.41 (10.23)

13.37 (1 7.88)

11 .84 (14.07)

22.07 (16.e8)

21.s7 (13.33)

ns

ns

ns

ns

ns

l4loke

dre l4ler
87.50

83.33

91 .67

70.83

4.17 (8.25)

12.50 (10.73)

0.61

o.24

ns

ns

velar /Uastle

lkllock

/k/itkat

bo/Us

col|,</tail

de/k/chair

suilk/ase

witch/Unft

des/k/

mathsboo/k/

lalkl

95.83

79.17

95.83

58.33

78.94

71.67

100.00

85.98

80.77

s4.17

72.65

41.67 (13.20)

41.67 (1s.44)

s.3e (8.es)

20.83 (16.87)

3e.2e (18.ss)

2.36 (1e.63)

17.42 (6.s1)

25.28 (12.43)

22.44 (15.33)

20.83 (16.06)

14.31 (15.4e)

54.17

37.50

86.44

37.50

39.65

74.03

82.58

60.70

58.33

33.33

58.33

0.00

0.01

0.30

o.22

0.03

0.90

0.01

0.04

0.14

0.19

0.36

ns

ns

ns

ns

ns

ns

ns

ns

ns

elgl

tho/n/

95.83

37.50

65.99

25.00

2s.84 (12.1s)

12.s0 (1 5.s1)

o.o1

0.43

ns

ns

S no details available (see text) ns p > 0.01; p < 0.01
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Closu.re du.rotion

Table 17 summarises the values from the control and the experimental group before

therapy for the mean durations of the 8 closures selected for more detailed analysis.

Values are in milliseconds. Also included in the table are standard errors, mean

differences and the significance of the dift'erences.

Control group

Two closures, the alveolar plosive tdl and the nasal /n/, were longer than 100ms, and

only one, the palato-alveolar affricate /S/, was less than 80ms in length. The remaining 5

closures, the alveolar plo.sive ItJ, and lateral lll,the palato-alveolar atïricate l$1, and the

velal plosives, /k/ and lgl,lasted between 80 and 100ms.

Variability in duration was similal for all 8 closules examined, ranging from 7.8 to

12.0ms.

Experim.entol, group

Durations of more than 110ms wele tbund fbr 4 closutes, the alveolar plosives, ltl md

ldl, md the palato-alveolar atÏicates /tf/ and lcþl.The nasal and lateral closures, lnl a;nd

lll, werc fastest with duration.s of less than 80ms. The duration of the 2 velar closures,

/k/ and /g/, was between 80 and 100ms.

Variability in duration was similar fbr all 8 closures examined, ranging from 7.9 to

12.6ms.

C ornpurisort o.f groups

From Table 17 it can be seen that although there were dif'ferences between the mean

durations of the selected closures produced by the two groups, none of these differences

reached statistical significance. However, some ditl'elences did approach significance þ
< 0.1). In particular, both the alveolar lateral lU'¿nd the nasal /n/ closures were of

shorter dulation in the experimental gloup, and both the palato-alveolar affricates, /S/

and l@, were shofier in the control group.

Palatograrn.s showing the contact patterns fbr these closures are reproduced in Figure 3

on pages 87 - 88. 'Where electrodes are coloured red in one palatogram (indicating

contact for more than 80% of the dulation of the lecording), but blue in another

(indicating less than 807o contact), this suggests greater valiability of contact in the

latter palatogram. Similarly, yellow electrodes suggest greater variability than blue.

Although ditTelences were small, close examination of the palatograms for the selected

closures suggests that the ltl,ldl,lll,lnl,lH md /g/ closures were more variable in the

expedmental group. For the ltJ, ldl, /k/ and /g/ closures, no clear pattem was seen in the
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numerical data. The pattern of contact for the 2 palato-alveolar closures was similar,

with a deeper anterior contact pattern seen in the experimental gtoup subjects. However,

this pattern was dif'ferent from that seen in the control group subjects, making

interpretation of closure duration from the palatograms difticult.

It can also be seen from Table 17 that the variability in the duration of the 8 closures

was similar in the two groups, although values for the pre-therapy experimental group

were slightly higher.

Table 17 Mean durations of selected closures for contro! grouP & experimental group
before therapy (standard errors in parentheses)

Mean duration in

milliseconds

Closure Control Pre-therapy Mean
difference

t
(n=16)

Signif icance

lUeam

ldloor

llleg

/n/ose

ltÎ lain

lq loke

suiUk/ase

lelgl

87.1 (10.0)

1 16.1 (7.8)

e7.0 (7.8)

103,8 (8.6)

7s.1 (12.0)

s2.3 (10.2)

e2.5 (8.3)

e6.o (e.5)

1 12.8 (10.8)

1 10.0 (7.e)

71.8 (8.8)

78.4 (8.e)

112.2 (12.6)

116.s (10.1)

e7.6 (e.2)

87.4 (11.3)

25.7 (14.8)

6.1 (1 1.2)

25.2 (11.8)

25.3 (12.4)

33.2 (17.4)

24.2 (14.3)

5.1 (12.4)

8.6 (14.7)

0.08

0.59

0.03

0.04

0.06

0.09

0.68

0.56

NS

ns

NS

ns

ns

ns

NS

NS

ns p > 0,01 (not significant)
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Palatogfams with mean duratlon values in milliseconds for I selected closures
for control & pretherapy experimentalgroups (continued on followlng page)

r electrode contact > 80% of duration of closure
¡ electrode contact > 6OVo of duration of closure

electrode contact < 600/o of duration of closure

Before therapyControl

a

a

a

a

a

a

a

a

a

o

a

a aa a

a aa a

a

1 16.1

aaoaa

aaaaa

aaa
aaaa
aa
aa
a

a

oa
aa

a

ao

aa

aa

aa
aa

aa

aa

aa
aa

aaaaaa
aaaaa

aao
a

a

a

a

aa

1 10.0

a

a a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

112.887.1

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

/t/eam

/d/oor

/l/eg

aaaa
aa
a

a

a aa

a

a

a

a

a

a

a

aa
a

a

a

aa

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

97.O 71.8

aaa

a

a

a

a

a

a

a

aa
aa

o

a

o

a

a

a

a

a

a

a

a

a

a

a

O

a

a

a

a

103.8 /n/ose 78.4
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Before therapyControl

a aa a a
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a

a

a

a

a

a

a
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a

a

a

a

a

a

a

aaa
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a

1 16.5

a
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a

a

a

aa
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a

a

o

a

a

a

a

92.3

a
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a

a

a

a

a

a

a

a

a

a
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a

a

a

a

a

a

a

a

a

a

a

a

a a

a

a

a

aa

laa

aa a

aaa aa
aaaaaaa

96.0

suit/k/ase

le/g/

aaaataa

97.6

aa aa

aaaaaoaa

87.4

a a

a

a

a

aa
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Average notional row o.f closu.re.s

Table 18 summarises the mean àverage notional row (ANR) values for the control and

the experimental group before therapy fbr the 8 closules selected for more detailed

analysis. The table also includes stand¿ìrd errors, mean ditTerences and the significance

of the dift'erences.

Control group

The highest mean ANR values occurred with the velar closures, /V and lgl. Values for

the palato-alveolar closures, /tfl and /cW were.slightly higher than those tbr the alveolar

plosives, ltl rrrñ ldl, and the lowe.st values wele obtained with the lateral lU and nasal /n/

closures.

Experinrcnta.I grou¡t

Tlre lrighest values occurred with the velar closures, /k/ and lgl. Values fot the palato-

alveolar clo.suLes, ltll md /cþ/ werc slightly higher than tho.se tbr the alveolal plosives, /l
and ldl, ancl the lowest values were obtained with the lateral lll ¿nd nasal /n/ closures.

The alveolar plosive closuLes, ltJ ¿ncl /d/, showed noticeably greater variability than the

other closures.

C o mp ar i,s ott o.f gr ou¡t,r

Values tbr variability in the ANR of the 8 closutes wete virtually identical in the two

gfoups.

Although no clif-feleuces in ANR actually leached statistical signifìcance, dift'elences for

4 closurcs, lll '¿nd, lnl, and /t/ ancl /c!y', ahnost reached .signiticance (p < 0.1). For these

closure.s, ancl in fact, lbl all 8 except.suit/k/ase, the meau ANR values wel'e higher in the

experimental group befole therapy, indicating a trend towards more anterior palatal

contact in the control subjects.

From the palatograms reproducecl in Figure 4 on pages 9l - 92, it can be seen that in the

ple-therapy group, the pattern of contact fbr the lll and /n/ closutes was deeper laterally.

Inter:e.stingly, in the /n/ closure, a lower pelcentage of coutact was tbund in the posterior

row latetal contacts. This has the etTect of decreasing the ANR value, which lessens the

difïerence between tlie groups.

Fol the /q[/ closure, the pattem of contact in the expedmental gtottp, particularly in rows

2 and 3, is quite dift'erent. The control and pre-therapy pattetns and diffelences for the

Itll rnd /cþ closures are similar.
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The patter:n of contact tbr the /cll closure is similar between the gloups. The presence of

three blue electrodes in the anterior row of the pre-therapy palatogram supports the

lower ANR value for the control group.

The pattern of contact in the pre-tlìerapy palatogram for the /l closule is broader and

deeper than for the control group, also supporting the lower ANR value found in the

control group.

From the palatograms fbl the velar closures, lgl and lW, it can be seen that the pattern of

contact is morc anterior in the control group, with noticeably more electrodes coloured

yellow in the pre-ther¿rpy palatograrn.s. In contrast, the numedcal ANR value for the /k/

closure suggest.s that the patteln of contact for the control grotìp is mote postedor-

Examination of the palatograrn.s in Figule 4 suggests that a more postelior pattern of

contact was tbuncl for ¿ll 8 closures in the experimental group, rather than in 7 as

suggested hy the uumedcal ANR values.

Table 18 Mean ANR of selected closures for control group & experimental group
before therapy (standard errors in parentheses)

Mean ANR

Closure Control Pre-therapy Mean
difference

t
(n=16)

Signif icance

/IJeam

ldloor

llleg

/n/ose

/tt' /ain

/<g /oke

suiVk/ase

lelgl

1.31 (0.76)

1.38 (0.83)

1.10 (0.13)

1 .30 (0.1 1 )

2.26 (O.42)

2.35 (0.26)

1 1.02 (0.41)

11.41 (0.17)

2.83 (0.76)

2.78 (0.83)

1 .4e (0.14)

1.58 (0.1 1)

3.56 (0.44)

2.e6 (0.26)

10.56 (0.42)

1 1 .64 (0.1 e)

1.s2 (1.08)

1 .40 (1.18)

o.4o (0.20)

0.28 (0.1 5)

1 .2e (0.61 )

0.61 (0.37)

0.46 (0.5e)

0.23 (0.26)

0.16

o.23

0.04

0.06

0.03

0.10

0.44

0.38

NS

ns

NS

ns

ns

ns

NS

ns

ns p > 0.01 (not significant)
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Palatograms & mean ANR values for I selected closuræ for control & pre-
therapy experi mental groups (conti nued on followl ng page)

o electrode contact > 80o/o of duration of closure
¡ electrode contact > 600/o of duration of closure

electrode contact < 60% of duration of closure

Control

9t

Figure 4

Before therapy
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Before therapyContro
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Ck¡sure intlex

Table 19 summarise.s the lnean values tbr the closure index (see page 57) for the control

and the experimental group before therapy tbr the 8 closures selected for more detailed

analysis. The table also includes standald errots, mean differences and the significance

of the ditï'elences.

Cuttrol group

The alveolar latelal lll 'md n¿sal /n/ olosurcs scored lower indices than the remaining 6

closures fol which no clear patteln emerged.

The variability of the closure index wa.s apptoximately I(\%, tor all 8 closules.

Experimental grou¡t

The palato-alveolar ancl alveolal plosive closures both scored high closure indices,

although values fbl the alveolar closure.s were not as high. The lemaining 4 closures

scored similarly.

The variability of the closure index wa.s approximately l0%, Tor all 8 closures.

C o rnp o r i,s o n o.f g tt u¡t s;

Both velar closure.s reached highel values in the control grotlp, while values for all other

closures were higher in the experimental group. No diff'erences teached statistical

signifìcance, although /tl/ain and le/g/ almost did þ > 0.1).

Values for the variability in the closure indices of the 8 closure.s were similar in both

gfoups.
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Table 19 Mean closure indices of selected closures for control group & experimental
group before therapy (standard errors in parentheses)

Mean closure index

94

Closure Control Pre-therapy Mean
difference

Significance
t

(n=16)

lUeam

ldloor

llleg

/n/ose

/ç lain

lú loke

suiVk/ase

154.93
(1s.06)

160.79
(15.60)

1 16.35
(e.18)

141.52
(13.e2)

165.52
(18.34)

188.89
(23.66)

175.28
(1e.02)

144.72
(1 1.75)

186.48
(16.13)

169.85
(1s.70)

135.40
(1o.22)

157.70
(14.47)

224.O7
(1e.06)

231.20
(23.28)

140.48
(1e.58)

114.37
(1 3,1 6)

31.55
(22.o7)

9.05
(22.14)

19.04
(13.74)

16.18
(20.08)

58.55
(26.45)

42.30
(33.20)

34.81
(27.2e)

30.35
(17.64 )

0.15

0.68

o.17

o.42

0.03

o.20

o.20

0.09

NS

ns

ns

ns

ns

NS

ns

NSelgl

ns p > 0.01 (not significant)
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7.6.2 Word data

Table 20 summarises the mean average notional row (ANR) values for the control and

the experimental group befbre therapy fbr the 32 words selected fbr analysis.'Words are

arranged in ordel of increasing dit'felence. The table also includes standard etrors, mean

dift-elences and the signitìcance of the dit'terences.

Control group

As can be seen from Table 20, values ranged fiom 5.65 to 8.71, but no obvious pattern

was .seen. The standatd erlor for all measurements was below 107o.

Eryterimental. grou.p

ANR values ranged fì'om 6.26 to 8.49, but no obvious pattern was seen. The standard

error for all measurements wa.s below 10%.

C o nt¡t ari s ort o.f gt tt tllt s

From the table it can be seen that dit'ferences ranged fiom -1.27 to 1.33. Values for the

standard error of the difl'erence were often high compared with the differences

themselves.

Mean ANR values for the control group were higher for 9 of the 32 words analysed,

although none of these dif'ferences reacl'led .statistical .signitìcance (p < 0.01). However,

of the 23 words f'ol whioh value.s were highel in the experimental group, difTerences for

5 words (de.sk, lneasure, tooth, tune & zip) did reach signitìcance (p < 0.01), indicating

a more anterior pattern of palatal contàct fbl these words in the control group children.

Palatograrns summarising the rnean whole word electrode contact patterns of the 5

word.s for which dit'ferences in ANR were .stati.stically .signitìcant are set out in Figure 5

on pages 97 - 98. Exarnination of these palatogram.s confìrms the tendency to a more

anterior pattern of oontact in the control group cliildrcn.

The palatograms tbr 'box' and 'castle' .show a btoader pattel'n of lateral contact in the

control subjects. A deepel anterior contact pattern is seen in the contlol group for

'chain', whereas a deepel antedor pattern occurs in the experimental group in 'drcdger'.

The control group .subject.s showed more anterior and postelior contact during 'clock'

and 'leg' than the experimental gloup. Palatoglarns lbr these words are rept'oduced in

Figure 6 on pages 99 - lfi).
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Table 20 Mean ANR of setected words for control group & experimental group before
therapy (standard errors in parentheses)

Mean ANR

Word Control Pre{herapy Mean difference f (n=16) Significance

96

box

thong

castle

star

clock

sword

catch

flash

tack

slipper

shore

nose

seesaw

ladder

feather

thread

joke

saddle

shack

leg

skate

dredger

chain

desk

team

door

biscuit

razot

tune

tooth

ziP

measure

8.57 (0.57)

7.75 (O.57)

8.71 (0.31)

6.85 (0.s4)

7.16 (0.40)

7.11 (0.34)

8.06 (0.33)

7.24 (o.3e)

7.e2 (0.s7)

6.68 (0.3e)

8.33 (0.32)

6.s3 (0.34)

6.64 (0.30)

6.63 (o.46)

7.3s (0.56)

6.67 (0.32)

7.36 (0.38)

7.o3 (o.24\

7.s4 (o.33)

7.06 (0.36)

7.27 (o.2e)

6.53 (0.25)

6.76 (o.24)

6.24 (0.1e)

6.26 (o.27)

7.44 (o.57)

6.s3 (0.28)

7.26 (0.33)

5.s8 (0.20)

s.8e (0.1e)

5.65 (0.2e)

6.77 (0.36)

7.30 (0.s7)

6.73 (0.57)

8.05 (0.31)

6.26 (0,54)

6.e6 (0.4O)

7.04 (0.34)

8.00 (0.33)

7.18 (0.3e)

7.8e (0.36)

6.73 (0.3s)

8.38 (0.33)

6.72 (o.34)

6.e3 (0.30)

6.e2 (0.46)

7.74 (0.56)

7.17 (o.32)

7.87 (0.38)

7.s7 (0.25)

8.4e (0.34)

7.64 (0.36)

7.e6 (0.30)

7.23 (O.25)

7.54 (O.24)

7.02 (0.18)

7.1o (O.27\

8.31 (0.s7)

7.46 (o.ze)

8.1s (0.33)

6.e4 (0.20)

6.88 (0.1e)

6.87 (0.2e)

8.10 (0.36)

-1 .27 (0.81)

-1.06 (0.8o)

-0.6s (0.44)

-0.s8 (0.76)

-0.20 (0.s7)

-0.07 (0.48)

-0.06 (0.47)

-0.06 (0.s5)

-0.04 (0.s1)

o.os (o.5s)

0.06 (0.46)

0.18 (0.4s)

0.28 (0.42)

0.28 (0.66)

0.3e (0.8o)

o.so (0.4s)

o.s1 (0.s3)

0.s4 (0.3s)

0.54 (0.47)

0.57 (0.s1)

0.6s (0.42)

o.7o (0.35)

0.78 (0.34)

0.7s (0.26)

0.84 (0.3e)

0.87 (0.81)

o.e3 (0.40)

o.e3 (0.46)

0.e6 (0.2e)

o.ee (0.26)

1.22 (o.41\

1 .33 (0.51)

0.11

0.19

0.14

o.M
o.72

0.89

0.90

0.91

0.94

0.93

0.90

o.70

0.50

0.66

0.63

0.27

0.34

o.12

0.25

o.26

0.10

0.05

0.02

0.00

0.03

0.28

0.02

0.05

0.00

0.00

0.00

0.01

ns

ns

ns

ns

ns

ns

ns

NS

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns p > 0.01 (not significant)

p < 0.01
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Palatogtams & mean ANR values for'desk', 'measure', 'tooth', 'tune' &'zip' for
controt & pretherapy experimental groups (continued on following page)

r electrode contact > 25o/o of duration of word
o electrode contact > 15o/o of duration of word

electrode contact < 15o/o of duration of word
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FigUre 6 PalatOgrams & mean ANR ValUeS for'box', 'Castle', 'Chain', 'dredgel', 'ClOCk' &- 'leg' foi control & pretherapy experimental groups (continued on following
page)

r electrode contact > 25o/o of duration of word
r electrode contact > 15% of duration of word

electrode contact < 15o/o of duration of word
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7.6.3 Swallow da.la

Table 21 summarises the mean âverage notional row (ANR) values for the control and

the experimental group before therapy tbr the saliva and water swallows. The table also

includes stanclard errors, mean difTerences and the signitìcance of the dift'erences.

Control group

Values lbr both saliva and water swallows were similar, and the standard error values

were very small.

Experi,ntental group

Values tbt both saliva ancl w¿tter swallow.s were sirnilâr, and the standard error values

were very srnall.

C o ntp u.r i,r on o.f' g r o u¡t,t

The ditl-erence of 0.49 t 0.16 hetween the groups tbr tlie water swallow was statistically

signitìcant þ < 0.01), indicating more anterior palatal contact in the control group. The

ditl'erence between the saliva swallows was also in the same direction, but did not reach

signitìcance.

Palatograms of the .saliva and water swallows are reproduced in Figure 7 on page 102.

From these it can be seen that before therapy, there was relatively sparse contact for

both swallows. In the watet swallows, none of the electrocles leached 90%, contact, and

the clistribution of the blue electrodes followed no obvious pattern. In the saliva

swallows, there was over 75%, peripheral electrode contact, and a distinguishable

posterior palatal bolus cavity. Palatograrns of the control group swallows, on the other

hand, show a high percentage of lateral and anterior contact, with a well defined

posterior palatal bolus cavity.

The evidence from the palatograms ancl the numetical ANR data both suppolt the

fincling that a more antedor pattern of contact was made by the control Stoup subjects.

1
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Table 21 Mean ANR of saliva & water swallows for control group & experimenta¡ group

before therapy (standard errors in parentheses)

Mean ANR

Word Control Pre-theraPY Mean
difference

t
(n=16)

Significance

saliva

water

4.70 (0.1s)

4.69 (0.1 1)

s.01 (0.1s)

s.18 (0.12)

0.31 (0.21 )

0.49 (0.16)

0.14

0.00

NS

*

NS
*

p > 0.01 (not significant)
p< 0.01

o electrode contact > 9Oo/o of duration of swallow
o electrode contact > 75o/o of duration of swallow
. electrode contact < 75o/o of duration of swallow

Control Before therapy
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a aa
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FigureT Palatograms & mean ANR values for saliva & water swallows for control & pre
therapy exPerimental grouPs
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7-6.4 Sum.ntaly

Clo,su.re duta.

The frequency data on the 42 closures analysecl indicate a trend towards more consistent

procluctio¡ of closures in the control group than in the experimental group before

therapy. Both groups exhibited high variability in ptoduction of clo'sures.

Dat¿ on the duration of the 8 closures analysed in mote detail showed that variability in

length of closures was similal tbr both groups. Although the palato-alveolar closures

were shorter in the control group, ancl the alveolar latelal and nasal closures wele

shortel. in the experimental gloup, these difterences did not reach significance-

Palatogr.arns of the palato-alveolar closutes, itl dnd lc\|, showed a dit-terent anterior

pattern of contact in the two glonp.s, making interpretation of closure duration more

clifficult tbr these closules. Palatographic eviclence suggsst.s that the t'ernaining selected

closures were more variable in the experimental gloup subjects, although the

ditl'elence.s were .sm all.

Mean ANR values were lclwer in the contlol group, pelhaps indicating a ttend towards

more posterior palatal contact in the experimental subjects betbre therapy. Further

evidence for this trencl was founcl in tlie palatographic representatiotls of the data.

Values tbr the variability in the ANR of the 8 closure.s were virtually identical in the

two groups.

No clifl'erences in closure inclices reachecl statistical signitìcance although values for the

velar closures reachecl higher values in the control gl'ollp, while values tbl all other

closures were higher in the experimental group. Variability in the indices of the 8

closures wele sirnilal in both grotlps.

Word &,rwallow tlotu

Nurnerical ancl palatographic eviclence frorn the analysis of tlle 32 selected wofds

suggestecl that the children in the control group hacl a more anterior pattern of palatal

contact.

Sirnilarly, the clata on both saliva ancl watet swallow.s indicated mote anterior palatal

contact in the control group. Palatograms of the swallows show relatively sparse

pattorns of contact in the experirnental group chilch'en cornpared with the control

subjects, in whom à stronger pattet'n of peripheral contact, and a well defined posterior

palatal bolus cavity wete founcl.
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7.7 Pre- & post-therapy electropalatographic data

7.7.1 CIosure datct.

The fi.equency of closure data below lef-ers to the tbrty-two closures chosen from the

word list to provide a selection of difTerent closure types tbr analysis. From these forty-

two, 8 closures were selected tbr more detailed analysis, the results of which are set out

in the 3 subsections which follow the tiequency data. These subsections refel to the

duration, the average notional row (ANR) nurnber, and the closure index of the 8

selected closure.s.

Closwe .freclu.ency

P r e - th.e r a py c ontli ti o n

Details of the frequency of closures made during the pre-therapy recordings are

summarisecl in Table 22 (reproclucecl frorn Table 15 for convenience), which shows the

frequency of occurtence of each closure bet'ore thelapy, together with the number of

recordings which were usable fbr analysis. The method of determining the fiequency of

closures is explained in'Closrtre .frecluency' on page 56. The wotds are arranged in

order of decreasing frequency of occurrence of the closures.

As can be seen fì'orn Tahle 22none of the closures wet'e made in all instances, and the

fìnal /l in squashki/t/ ancl kitka/V were never made. Tlie most fì'equently occurring

closures wele /c[/oke ancl /d/oor', which were each made ín 91.6]%, of the usable

recorclings. No other closures wele made in more th'm 9\o/t¡ of instances, while 5

closures occuned in le.ss thtn I0o/,, of possible in.stance.s.

Table 24 also shows the tiequency of closures made betble therapy, expressed as a

percentage of the u.sable closures, but grouped by closule. The words ale arlanged

accorcling to the position of the closure within the word, so that for instance, the

fiequency of meclial /t/ clo.sure.s can be readily examined. Where moro than one

example of a closure in a sirnilal position occurs, they are arranged alphabetically.

From Table 24 \t c,¿n be seen that tlie occurlence of alveolar closures of between 0%

¿nd 91.6'7o/o was highly variable. Initial /V closure.s were made more frequently than

medial /l closures, and initial /d/ closures were made with similar tìequency to initial /t/

closures. Final /cll closures were made more tiequently than tinal /t/ closures and the

rneclial /cll closure. The final /l/ closure was made rarely, while other /l/ closures

occurred in approxim ately 70%, of possible occasions. All palato-alveolar closures were
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made in more tl'ra:n 65%t of pos.sihle occasions, but no clear pattern emerged when their

position within wolcls was examined. The occnrrence of velar closures was also highly

variable, but no clear pattem was discemible in the tìgules.

P o st - th e r a.py c ontlition

Table 23 shows the fi'equency with which each closure was made during the post-

thelapy recorclings, and the number of recordings which were usable in the analysis. As

can be seen fi'om the table, none of the selected closurcs were made in all instances, and

squashki/t/ and kitk¿r/l were never made. The rnost fiequently occurdng closures were

lc\loke and /t/eam, which were made \n95.83Vo of the u.s¿ble recordings. Five closures

were made in mote than90%t of instances, and 5 in le.ss tbarn IjVo.

Table 24 sl.row.s the t'requency of clo.sures made atter thelapy, grouped by closule. The

occun'ence of alveolal closures of hetween 0%¡ and 95.837,t was highly variable. Initial

/t/ closures were made rnole tiequently than rnedial /t/ closures, and initial /d/ closures

wele made with similar liequency to initial /l olosures. Final /d/ closure.s wele made

more fiequently than lìnal /1, rnedial ltl, and rnedial /d/ closures. The final lU closure

wa.s made rarely, while other /l/ clo.sures occulred hetween 70 and 757o of occasions.

All palato-alveolal closures were mads in more Íh¿n 40%, of occasions, but no clear

pattern ernerged when their position within words wa.s examined. The occurrence of

velar closures was highly valiable, but no clear pattern emerged tiom the tìgures.

Con\tarilion o.f pre- & post-thertllt), contlitiott

Table 24 shows the fiequency of closures lbl the experimental group betble and after

thelapy, auanged by closure. Fol squashki/t/ and kitka/í, too f-ew closures were made

by any child during any ses.sion for stati.stical cornparison to be possible. This is denoted

by $ in Tahle 24.

In tlre case of 23 oT the 42 closure.s, dil'lelences were below 5%,. Of the remaining 19

closures, 8 occurred rnole fiequently betbre, and 1l wele made rnore tiequently after

therapy.

Diff'erences between ple- and po.st-thelapy recotdings were larger than 20o/o for 2

closules. The lalgest clilTerence seen was a reduction in fiequency of occurrence of

36.53Vo tbl deck/tflail Qr = 0.0007). The tiequency of occurrence for swor/d/ incteased

by 25o/r, between pre- ancl post-therapy recottlings, but this ditTelence did not reach

statistical signifìcance.

Mean ditÏerence.s for only 2 closures (itleam & deck/tl"/air) r'eached statistical

significance (p > 0.01). For /leam, fì'equency increa.sed, while for deck/qfl/air, f'requency

decreased between recording sessions.
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No clear pâttern was evident in the dif-terences tbr initial, rnedial or final closures,

except that all 5 velar medial closures analysed were made rnore frequently after

therapy.

From Table 24 it cm be seen that fbr many closures the standard error was high

compared with the mean ditl'etence, indicating high variability in the occumence of

closures.
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Table 22 Closure frequency of experimental group before therapy (by frequency)

Closure Number made Number usable Frequency (%)

r07

l4lokø

ldloor

/d/redger

/d/esk

/k/ìtkat

lllack

/n/ose

suiVk/ase

lUeam

lçlain

decldu/air

threa/d/

s/l/ipper

deiUchair

llleg

drel 6ler
stre/ q¡ler

chai/n/

cock/Vail

cal¡l

s/Vretcher

lelgl

trolller

wi/t/craft

clllock

witch/k/raft

des/k/

lalkl

/k/astle

swor/d/

laldler

colk/tail

bo/k/s

lkllock

mathsboo/k/

thol/
star/V

sui/Vcase

bol</s/

cocktai/l/

kitka/V

squashki/V

22

22

21

21

20

20

20

19

19

19

15

17

18

15

17

17

17

17

16

16

16

15

15

15

15

14

14

14

13

12

11

9

I
I
I
6

5

2

1

1

0

0

24

24

24

24

23

24

24

23

24

24

19

22

24

19

23

24

24

24

23

23

24

23

23

23

24

23

24

24

24

24

24

23

24

24

24

24

23

23

24

24

23

23

91.67

91.67

87.50

87.50

86.44

83.33

83.33

82.58

79.17

79.17

77.61

77.42

75.00

74.O3

73.95

70.83

70.83

70.83

69.26

69.25

66.67

65.99

65.39

65.31

62.50

60.70

58.33

58.33

54.17

50.00

45.83

39.65

37.50

37.50

33.33

25.00

21.O7

8.51

4.17

4.17

0.00

0.00
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Table 23 Closure frequency of experimental group after therapy (by frequency)
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Closure Number made Number usable Frequency (%)

1,5/oke

llleam

ldloor

ldlredger

suiVk/ase

/d/esk

drel 4ler
lllack

/k/itkat

lçlain

de/k/chair

stre/ ç/er

witch/k/raft

/n/ose

threa/d/

clllock

swor/d/

llleg

s/l/ipper

cock/Vail

s/Vretcher

le/gl

chai/n/

calçl

des/k/

tro/Ver

/k/astle

wi/ttlcraft

co/k/tail

bo/k/s

/k/lock

deck/t/air

lalkl

laldler

mathsboo/k/

star/V

bok/s/

thoÁ/

cocktai/l/

sui/Vcase

kitka/t/

squashki/V

95.83

95.83

91.67

91.67

91.67

87.50

87.50

85.44

83.33

83.33

79.86

79.17

79.17

75.00

75.00

75.00

75.00

73.95

70.83

70.83

70.83

70.34

66.67

62.50

62.50

58.33

55.61

50.00

50.00

45.83

41 .67

41 ,08

39.36

37.50

36.33

20.83

12.50

8.74

8.33

4.17

0.00

0.00

23

23

22

22

22

21

21

20

20

20

17

19

19

18

18

18

18

17

17

17

17

16

16

15

15

14

13

12

12

11

10

9

9

9

I
5

3

2

2

1

0

0

24

24

24

24

24

24

24

23

24

24

21

24

24

24

24

24

24

23

24

24

24

23

24

24

24

24

23

24

24

24

24

21

23

24

23

24

24

23

24

24

24

24
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Closure frequency for experimental group before & after therapy (by
closure type)
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Table 24

Location Closure Frequency (z) Mean difference Significancet

(n=16)Before After (std. err.)

alveolar /Uack

lUeam

cock/Vail

s/Vretcher

sui/Vcase

lrolller

k¡tka/V

squashki/V

star/V

85.44

95.83

70.83

70.83

4.17

58.33

0.00

0.00

20.83

2.11 (6.05)

16.67 (5.8e)

1.57 (e.28)

4.17 (12.331

4.34 (4.00)

7.06 (14.48)

0.o0 (s)

o.oo ($)

0.24 (10.38)

83.33

79.17

69.26

66.67

8.51

65.39

o.00

0.00

2't.o7

o.72

0.00

o.87

o.74

o.2a

0.63

s

s

0.98

ns

ns

ns

ns

ns

s

s

ns

/d/esk

/dloor

ldlredger

laldler

swor/d/

threa/d/

87.50

91 .67

87.50

45.83

50.00

77.42

87.50

91.67

91.67

37.50

75.00

75.00

1.000

1.00

0.54

0.54

0.03

o.81

o.oo (6.7e)

0.00 (6.s7)

4.17 (6.83)

8.33 (13.58)

2s.00 (11 .52)

2.42 (1o.25)

ns

ns

ns

ns

ns

ns

lleg

s/ / pper

clllock

cocktai/l/

73.95

62.50

75.00

4.17

73.95

75.O0

70.83

8.33

0.00 (7.08)

12.50 (10.6e)

4.17 (e.e4)

4.17 (4.73\

1.O0

o.24

o.68

0.38

ns

ns

ns

ns

/n/ose

chailnl

83.33

70.83

75.00

66.67

16.67 (10.74)

4.17 (e.64)

o.12

0.67

ns

ns

bok/s/ 4.17 12.50 8.33 (7.s0) o.27 ns

palato-alveolar lçlain

deck/l/air

stre/ í-/er

wi/ç/craft

cal¡i

79.17

77.6'l

70.83

65.31

69.25

83.33

41 .08

75.17

50.00

62.50

4.17 (e.s8)

36.s3 (10.83)

8.33 (11.24)

15.31 (13.03)

6.75 (11.88)

0.66

0.00

0.46

o.24

o.57

ns

ns

ns

ns

l<6loke

drel <5ler

91 .67

70.83

95.83

87.50

4.17 (7.06)

16.67 (e.85)

0.55

0.09

ns

ns

velar /k/astle

lkllocK

/Uitkat

bo/k/s

co/k/tail

de/k/chair

suiVk/ase

witch/k/raft

des/k/

mathsboo/k/

lalkl

54.17

37.50

86.44

37.50

39.65

74.O3

82.58

60.70

58.33

33.33

58.33

55.61

41.67

83.33

45.83

50.00

79.86

91.67

79.17

62.50

36.33

39.36

0.88

0.68

o.67

o.44

o.24

0.41

0.18

0.09

o.68

0.81

0.10

1.44 (e.66)

4.17 (10.27)

3.11 (7.23)

8.33 (1o.so)

10.3s (8.8s)

s.83 (7.11)

e.0s (6.72)

18.46 (10.76)

4.17 (10.25)

z.es (12.42)

18.e7 (11 .47)

ns

ns

ns

ns

ns

ns

ns

NS

ns

ns

ns

elgl

tho/n/

65.99

25.00

70.34

8.74

4.35 (8.82)

16.26 (10.46)

o.62

o.12

ns

ns

ns p > 0.01;S no details available (see text) p < 0.01
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Closure tlu.roti,on

Table 25 shows the mean durations of the 8 closures selected for more detailed analysis

from the pre- and post-therapy recordings made by the experimental group subjects.

Also included are standald errol's, mean diflèr'ences and level of significance of the

dit'ferences.

Pre -th.erapy conditi ott

Table 25 shows the mean duration of the eight closures selected for more detailed

analysis in milliseconds. Durations of more than 110rns werc found for 4 closures, the

alveolar plosive.s, lü ¡nd ldl, and the palato-alveolar affiicate.s ltfl and lcþl.The 2 nasal

and lateral closures, /n/ and /l/ wele fastest with durations of less than 80ms. The

duration of the 2 velar closute.s was between 80 and 100ms.

Variability in duration was .similal fìrr all 8 closures examined, ranging tì'om 7.9 to

12.6ms.

P o,st - th e r n1t), c ontliti o tt.

As can be seen liom Tahle 25, tbul clo.sures, the alveolar plosives ltl and /d/, the velar

plosive /k/, and the palato-alveolar atliicate /tfl, lasted fot more than 100ms. Two

closures, the na.sal closure /n/ and the velar plosive /g/, lasted fbr less than 80ms. The

rernaining clo.sure.s, the palatcl-alveolar atÏricate lcsl tnd the lateral /l/, la.stecl between 80

and 100ms.

Valiability in dur¿tion was sirnilal fbl all 8 closures examined, ranging from 8.0 to

12.3ms.

Cont.pnri,ron o.f pre- & po,rt-therapy contlition

From Table 25 it can be .seen that although there were ditTerences between the mean

duration.s of the selected closures ploduced in the two lecordings, none of these

dif-felences reached .statistical signitìcance.

For 2 closure,s, the latelal /l/ ¡urd the affi'icate lr\1, the dif-tetences did approach

signifìcance (p < 0.1). Both the alveolal lateral lU ¡nd the nasal /n/ closurcs increased in

length between the recordings, while the palato-alveolar atÏiicates, lt! and lcþ|, andthe

alveolar plosives, lrl and/d/, were shorter at the post-therapy lecording. For/k/ arnd lgl,

the velar clo.sures, no pattern was obvious.

From the palatogram.s shown in Figure 8 on pages Il2 - Il3, several dit-ferences in the

variability of contact betìrre ancl atiel therapy can be seen. However, it must he stre.ssed

that these ditt-erences ale small.
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For the alveolar plosives, ltl '¿nd ldl, the numbel of led electrodes decre¿sed after

therapy, with a corresponding increase in the number of blue electrodes. This indicates

that contact with these electrodes was more vadable atter therapy.

For both palato-alveolar closurcs, /tfl and l$1, the numbet of blue electrodes decreased,

and there was a corrcsponding inclease in the number of yellow electrodes, indicating

that these closures too werc more variahle atter therapy than befbre.

For the alveolar lateral /V ancl the nasal /n/ closures, and the velar closures, lkl and lgl,

the palatographic evidence was not clear.

Values for the variability in the duration of the 8 closures were similal in both groups.

Table 25 Mean durations of selected closures for experimental group before & after
therapy (standard errors in parentheses)

Mean duration (milliseconds)

Closure Pre-therapy Post-therapy Mean
difference

t
(n=16)

Significance

llleam

ldloor

llleg

/n/ose

Itl'lain

/,6loke

suiVk/ase

lelgl

112.8 (10.8)

1 1o.o (7.e)

71.8 (8.8)

78.4 (8.s)

112.2 (12.6)

1 16.5 (10.1)

e7.6 (e.2)

87.4 (1 1 .3)

104.2 (10.1)

10s.4 (8.0)

e4.2 (8.8)

7s.2 (e.1)

111.3(12.3)

ee.5 (10.0)

10s.4 (8.6)

72.4 (11.0)

8.5 (10.3)

0.6 (10.7)

22.4 (1o.8)

0.8 (6.6)

o.e (13.2)

16.e (e.3)

7.e (11.2)

1 5.0 (13.4)

0.41

0.96

0.04

0.90

0.94

0.07

0.48

o.26

NS

NS

ns

ns

NS

NS

NS

NS

NS p > 0.01 (not significant)
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Patatograms with mean duration values in milliseconds for I selected closures
for expãrimentalgroup before & after therapy (continued on following page)
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Before therapy After therapy
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Average notional row o.f cl.o,tttt'es

Table 26 summarises the mean averago notional low (ANR) values lbr the experimental

group before and afìer therapy for the 8 closures selected for more detailed analysis.

The table also inclucles standarcl el'rors, lnean dif'ferences and the significance of the

differences.

Pre -th.ero ¡ty con tli ti on

The highest values occulled with the velar closures, /k/ and lgl. Values for the palato-

alveolar closures, /f/ and /cþ were ,slightly higher than those tbr the alveolar plosives, /t/

and ldl, ancl the lowest value.s wele obtained with the lateral lll '¿ttd nasal /n/ closures.

The alveolat plosive closure.s, ltl attd /cl/, showed noticeably greater variability than the

other closures.

P o st-Íh erapy, contli tion.

Frorn Tabl e 26 it can he seen that the highest values occuned with the velar closures, /k/

and lgl. Values tbl the palato-alveolar closures, /tfl ud lc\l wele slightly higher than

those fbr the alveolar plo.sives, lü ¿nd lrJl, and the lowest values wele obtained with the

lateral lll tnd nasal /n/ closures.

The alveolar plosive closures, ltJ lnd /d/, showed noticeably greater variability than the

other closures.

Cont¡tctt'ison o.f pre- & po";t-therqDt con(litiotl

Values tbr the variability in the ANR oÍ the I closures were virtually identical in the

two groups.

No ditferences in the mean ANR of the selected closures hetween sessions reached

statistical signifìcance, ând the values fbr all clo.sure.s changed little.

Dit'ferences for'2 closures, /n/ ancl /k/, ahnost reached signitìcance þ < 0.1), but the

mean clitÏerences of 0.19 + 0.10 and 0.59 + (1.26 respectively were srnall. For the 2 velar

closures, the mean ANR values were slightly lower befole therapy, although the

dit-terences werc small; tbr the other closure types no pattern could be seen.

From the palatograms shown in Figure 9 on pages 116 - ll7, several differences

between the contact pattetn befole and afier therapy can be .seen.

Examination of the palatograms for the velar closures, /k/ and /g/, suggests that the

pattern of contact after therapy was more posterior, but the ditÏetences were very small.

This supports the evidence tiorn the numerical ANR data.
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The cont¿ct pattern tbr both the alveolal lateral closure, lll, and the nasal closure, /n/,

wele also slightly more posteriol al-ter therapy. While for the /V closure, the mean ANR

did rise after thelapy, the lower post-therapy ANR value fol the /n/ closure is at

variance with this finding.

For both alveolar plosive clclsures, lt| and ldl, the pattenr of post-thetapy contact appears

to be slightly more antelior; this is supported by the numedcal ANR data for the ltJ, b:ut

not fbr the ldlclosure.

The palatographic evidence for changes in contact pattern fbr the palato-alveolar

closures was not clear.

Table 26 Mean ANR of selected ctosures for experimental group before & after
therapy (standard errors in parentheses)

Mean ANR

Closure Pre-therapy Posl-therapy Mean
diflerence

t
(n=16)

Significance

/Ueam

/dloor

llleg

/n/ose

ß lain

l4loke

suiVk/ase

lelgl

2.83 (0.76)

2.78 (0.83)

1.4e (0.14)

1 .s8 (0.1 1)

3.56 (0.44)

2.e6 (0.26)

10.56 (0.42)

1 1 .64 (0.1e)

2.74 (0.76],

2.7e (0.83)

1 .61 (0.14)

1 .40 (0.1 1 )

4.04 (0.43)

2.86 (0.2s)

1 1.1 5 (0.42)

1 1.65 (0.1 s)

o.oe (0.1 1)

o.o1 (o.oe)

0.1 1 (0.1 0)

o.1e (0.10)

0.48 (0.53)

0.1 0 (0.28)

o.se (0.26)

0.01 (0.14)

0.38

0.90

0.28

0.06

o.37

o.73

0.02

0.96

NS

NS

NS

NS

ns

NS

NS

NS

NS p > 0.01 (not significant)
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Palatograms & mean ANR values for selected closures for experimental group
before & after therapy (continued on following page)
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Before therapy After therapy
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Clo,;u.re in.de.x

Table 27 summarises the lnean values tbr the closure index tbr the expedmental group

before and after therapy fbr the 8 closures selected for more detailed analysis. The table

also includes standard el'rors, me¿ln diff'erences and the signiticance of the differences.

Pre-therapy comlition

The palato-alveol¿r ancl alveolar plosive closules both scored high closure indices,

although values fol the alveolal closures wete not as high. The score tbr the remaining 4

closures was lowor', ranging fì'om 114.37 to 157.70.

The valiability of the closure index was approxirnately I0%, for all 8 closure's.

Table 27 Mean closure indices of selected closures for experimental group before &
after therapy (standard errors in parentheses)

Mean closure index

Closure Pre-therapy PosttheraPY Mean
difference

t
(n=16)

Signif icance

lleg

llleam

ldloor

/n/ose

lt' lain

/.5 /oke

suiVk/ase

186.48
(1 6.1 3)

169.85
(1s.70)

135.40
(1o.22)

157.70
(14.47)

224.O7
(1e.06)

231.20
(23.28)

140.48
(1e.s8)

114.37
(1 3.1 6)

172.60
(1s.20)

159.58
(15.70)

142.25
(1 0.1 7)

143.82
(14.85)

167.47
(18.75)

220.42
(23.03)

139.35
(1 e.1 e)

120.43
(13.04)

13.88
(14.48)

10.27
(1 1.48)

6.85
(e.s6)

13.89
(12.08)

56.60
(18.20)

10.78
(22.o4)

1.12
(12.41)

6.06
(10.5s)

0.34

0.37

o.47

o.25

0.002

0.62

0.93

o.57

NS

NS

NS

NS

elgl

NS

NS

NS

NS p > 0.01 (not significant)
p < 0.01
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P o,r t- th e r a ¡t), c tn tli ti t¡tt

The palato-alveolar ancl alveolal plo.sive closutes hoth scored higher indices than the

remaining 4 closures.

The variability of the closure index was approximately l}V' tor all 8 closures.

Compurisott o,f pre- & post-therapy condition

From Table 27 , it can be seen that tbr /lieg and le/g/, values incrcased between the two

recordings. For the lemaining 6 closures, the mean closure index t'ell, indicating a

smaller area of linguo-palatal contact, perhaps associated with more precise afticulatory

control atter thelapy. For /f/ain, thi.s clit'terence leached statistical significance, while

tbr the remaining 5 closure,s, values were statistically sirnilar in both recordings.

For all clo.sures except ltlain, valiability of the difTerence in values between the two

sessions was near to, or greater than the mean difl-erence itself-

7.7.2 Wortl tla.tu.

Table 28 .summari.se.s the mean average notional row (ANR) values lbr the experimental

group betbre ancl after therapy for the 32 words selected for analysis. Words are

arrangecl in orcler of increasing difTèrence in ANR between the two recordings. The

table also includes stanclarcl errors, rnean ditÏerences and the signitìcance of the

ditï'erences.

P re -th.e.rnpy con tli ti on

As can be seen from Table 28, values ranged l'r'orn 6.26 to 8.49, but no obvious pattern

was seen. The standatd etror tbl all measllrements was below 10%.

P o s t- th.er ap), c rnttliti o n

ANR values after therapy ranged tiom 5.92 to 8.21, but no obvious pattern was seen.

The standard error tbr all measulements was below 10%.

Contparisttrt o.f pre- & po";t-th.era¡\, contlititttt

From Table 28, it can be seen that difÏelences ranged fiorn -l.32to 0.61. Values tbrthe

standarcl error of the ctifference were often high compared with the differences

themselves.

Mean ANR values atter therapy were lower tbr' 17 of the 32 wolds analysed; of these

17, tlre ditTerence tbr 'box' & 'slipper' reached statistical signifîcance (p < 0.01)

inclicating more anterior palatal contact alter thelapy. Of the 15 words fol which pre-
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therapy values were lower, only the clifTerence for 'desk' reached significance Qt <

0.01), indicating more postelior palatal contact after therapy-

Palatograrns summarising the mean whole word electrode contact patterns for 9 words

are set out in Figure 10 on page.s L22 - I23. For several words, there was notable change

between the pre- and post-therapy palatograms. Interestingly, the words for which

diff'erences in ANR were greatest (those at the top and bottom of Table 28) did not

necessarily show the gre¿Ìtest change on the palatograms.

There was noticeably less anterior contact duling 'team', 'tune', 'nose', 'dredger' and

'joke' af'ter therapy, as shown by the leduction in the number of red in favour of blue

electrocles, and the recluction in the numbel of blue in favout' of yellow electrodes in the

anteriol l'ows. In the ca.se of 'clreclger", 'team' and 'tune' the palatographic information

was in agt'eement with tl-re numelical clata, but tbr 'ioke' attd 'nose' the mean ANR f'ell

between session.s, irnplying a rìole anterior pattern of contact attef therapy.

In the case of 'thong', although the pattern of contact was similal before and after

therapy, the percentage contact along the lateral borders of the palate fell noticeably

between sessions.
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Table 28 Mean ANR of selected words for experimental group before & after therapy
(standard errors in parentheses)

Mean ANR

Word Pre{herapy Post-therapy Mean difference f (n=16) Significance

t2l

box

slipper

door

tazot

ztp

nose

shack

measure

star

ladder

thong

chain

flash

shore

tack

castle

joke

saddle

skate

thread

dredger

catch

lune

tooth

clock

seesaw

leg

team

biscuit

desk

feather

sword

7.30 (0.57)

6.73 (0.3e)

8.31 (0.57)

8.1e (0.33)

6.87 (0.2e)

6.72 (0.34)

8.4e (0.34)

8.10 (0.36)

6.26 (0.54)

6.e2 (0.46)

6.73 (0.s7)

7.54 (o.24)

7.18 (0.3e)

8.38 (0.33)

7.8s (0.36)

8.05 (0.31)

7.87 (o.38)

7.57 (o.zs)

7.e6 (0.3o)

7.17 (o.32)

7.23 (o.2s)

8.oo (0.33)

6.e4 (0.20)

6.88 (0.1e)

6.e6 (0.40)

6.s3 (0.30)

7.64 (o.36)

7.1o (0.27]'

7.46 (0.2s)

7.02 (0.18)

7.74 (0.s6)

7.04 (0.34)

5.e7 (0.s7)

5.es (0.3e)

7.64 (O.57',)

7.73 (0.33)

6.45 (0.2e)

6.32 (0.34)

8.10 (0.33)

7.76 (0.36)

s.e2 (0.54)

6.61 (0.46)

6.43 (0.s7)

7.2e (0.24l,

6.ss (0.3e)

8.16 (0.32)

7.73 (0.36)

7.s4 (0.s2)

7.83 (0.38)

7.61(0.24),

8.02 (0.30)

7.27 (o.32)

7.38 (0.2s)

8.16 (0.33)

7.1e (o.20)

7.14 (0.1e)

7.25 (o.41)

7.22 (0.30)

7.e6 (0.36)

7.45 (o.27)

7.83 (0.28)

7.48 (0.18)

8.21 (0.s7)

7.65 (0.34)

-1.32 (0.37)

-0.78 (0.2e)

-0.66 (0.3s)

-0.4s (0.24)

-o.42 (0.1s)

-o.3e (0.34)

-0.38 (0.33)

-0.34 (0.25)

-o.34 (0.3e)

-0.31 (0.30)

-0.30 (o.43)

-0.2s (0.21)

-0.24 (0.33)

-o.22 (o.24)

-0.15 (0.2e)

-0.11 (0.25)

-0.05 (0.33)

o.o4 (0.24)

o.06 (0.25)

o.1o (0.21)

0.15 (0.18)

0.16 (0.31)

0.25 (0.1s)

0.26 (0.13)

0.28 (0.40)

0.30 (0.30)

0.32 (o.17)

0.35 (0.25)

0.37 (0.21)

0.45 (0.15)

0.47 (0.3s)

0.61 (0.3s)

0.00

0.01

0.06

0.06

o.o2

0.25

0.25

0.16

0.38

0.30

0.49

0.23

o.48

0.34

0.60

0.65

0.88

0.85

o.82

0.64

0.39

o.60

0.10

0.05

0.48

0.32

0.06

o.17

0.08

0.00

0.19

0.06

ns

ns

NS

ns

ns

ns

ns

ns

ns

NS

ns

ns

ns

ns

ns

ns

NS

ns

ns

ns

ns

NS

ns

NS

ns

NS

ns

ns

ns

ns p > 0.01 (not significant)

p < 0.01
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. electrode contact > 25o/o of duration of word
¡ electrode contact > 'l5o/o of duration of word
- electrode contact < 15o/o of duration of word

Before therapy After therapy

r22

FigUre 10 PalatOgtanrg & mêan ANR ValUeS fqr'bOX', 'slipper', 'desk', 'dredger', 'team',- 'tune-,1¡oke', 'nose' & 'thong' for experimental group before & after therapy
(contlnued on following Page)
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After therap¡r
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7.7. 3 Swal.l.ow tkttct.

Table 29 summarises the mean average notional row (ANR) values fbr the experimental

group betbre and afier thelapy fol the saliva and watet swallows. The table also

includes standard errors, mean ditl'erences and the signifìcance of the differences.

Pre-rh erapy conditiott

Pre-thelapy values tbl both types of swallow were similar, and the standard error values

were very small.

P o,st- th.e r apy c onditi.ott

Post-therapy ANR values fol both swallows were sirnilaL, and the standard error values

were very srnall.

Cont¡tarisort o.f pre- & post-th.erapy contlitiott

Although the mean ANR for both .swallows tèll between sessions, indicating more

anterior pattern of contact atler therapy, the clit-lerence between the groups for neither

the water nor saliva swallows reached .statistical significance (2 < 0.01).

Palatograms of the saliva ancl water swallows are reproduced in Figure 11. Frorn these it

can be seen that befbre therapy, r'elatively sparse contact occuned tbr both swallows.

For tlre pre-therapy saliva swallow, periphelal electlode contact was over 75Vo, and a.

clistinguishable postelior palatal bolu.s cavity w¿ts present. Atler therapy, the pattern of

contact was similar, but higher colìtact percentages are evident, patticulatly in the

anterior region.

For the water swallow, nclne of the electrode.s reached 90Vo cottttct befole therapy; the

clistribution of the blue electrodes was sparse, and tbllowecl no obvious pattern. After

therapy, the pattem of contact was still spârse, but ovet'J5o/o contact was achieved in all

electrocles in the most anterior row and antero-laterally, indicating more consistent

periphelal contact.

The eviclence fiom the palatograms and the nurnet'ical ANR data both indicate a more

anterior pattern of palatal contact atter therapy. Exarnination of the palatograms

suggests a mofe consistent and definite pattel'n of contact tbr both watef and saliva

swallows after the cout'ss of thelapy.
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Table 2g llean ANR of saliva & water swallows for experimental group before & after
therapy (standard errors in parentheses)

Mean ANR

t25

Word Pre-therapy Post-therapY Mean
difference

t
(n=16)

Significance

saliva

water

s.01 (0.1s)

s.1B (0.12)

4.82 (0.1s)

s.09 (0.12)

0.20 (0.1s)

0.08 (0.11)

0.18

0.46

NS

ns

ns p > 0.01 (not significant)

Figure 11 Palatograms & mean ANR values for saliva & water swallows for experimental
group subjects before & after therapy

electrode contact > 90o/o of duration of swallow

electrode contact > 75o/o of duration of swallow

electrode contact <75o/o of duration of swallow

Before therapy After therapy
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7.7.4 Sunt.rn.arl,

Closure datct

The frequency data tiom the 42 closures analysed levealed no clear pattern of

clifferences over the obselvation period. Differences for only 2 closures reached

statistical significance, ons occurring more tiequently befole, the other occurring more

liequently after therapy. However, all 5 velar medial closures analysed occurred more

frequently after therapy, although none of these reached statistical significance.

Variability in the frequency of occuLrence of closttres was high both befbre and after

therapy.

None of the cliff-erences in duration of the 8 closure.s selected tbr further analysis

reaclrecl statistical signitìcance hetween session.s. Howover, both the alveolar latet'tl, lU,

and the nasal, /n/, closules increasecl in length between the recordings, and both the

alveolar plosives, ltl and ldl, and the palato-alveolu af'tricates, ltfl and l$l,werc shorter

at the po.st-therapy recorcling. Fol tlie velar closures, r'to pattem was obviotls. Variability

in the dulation of the 8 closures were sirnilar in both group.s.

Numetical ANR clata ancl palatograms indicated that the pattern of contact after therapy

for the velar closures wa.s more po.sterior, but ditTetences wet'e small. For the remaining

closures, no clear pattern emerged tiom the numerical ANR data or fiom examination

of the palatograrns. No clitTerences in ANR reached stati.stical signitìcance, and the

values for all closures changed little between .so.ssion.s. Variability in the ANR of the 8

closures was virtually identical in the two gl'ottps.

Closule inclices for' 2 closures, /l/eg ancl le/g/, increased between the two recordings.

However, fol the remaining 6 slo.sures, the mean closure index t'ell. For'/tflain, this

clitl'erence reached statistical signilicance, while lor the remaining 5 closures, values

were stati.stically similar in both recor<lings. For all closures except ltflain, variability of

the clifTèrelrce in v¿rlues hetween the two se,ssions was near to, or greater than the mean

difl'elence itself.

Wortl & swall.ow tlatu

No pattern of change wa.s eviclent ftir the 32 words studied, and the numedcal and

palatoglaphic evidence was otien conflicting. Variability was high tbt'both groups.

For the swallows, dit'terences wele small, and failed to teach statistical signifìcance, but

evidence frorn the palatograrns and the numerical ANR data both indicate a more
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anterior pattel'n of palatal contàct aftel therapy. Examination of the palatograms

suggests ¿r more consistent ancl clefinite pattern of coutact tbr both watef and saliva

swallows afier the course of therapy.



I. Discussion
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This stucly used cephalometric ancl electropùlatographic methods to compafe an

experimental group of 9 - 11 year old rnale anteriol open bite (AOB) children with a

group of non-open bite controls of similar age. Secondly, using the same methodology,

the effect of swallowing re-education thelapy on antedor open bite was investigated in

the experimental group.

A teview of the lite¡ature showecl that although electropalatogtaphy (EPG) has been

widely used as a diagnostic, therapeutic and reseatch tool in various situations (Gibbon

& Hardcastle, 1987; Fletcher et a1..,1991; Hardcastle et a\.,1991a; 1991b), to date it has

not been applied specitically to AOB patients. Neither has it been used to compare two

group of subjects with potential clilTelence.s in linguo-palatal function, or to assess the

ef-tective¡ess of the swallowing re-education thelapy commonly prescribed tbr children

who exhibit tongue thrust .swallowing. EPG has been applied, howevet, to the

quantification of tongue contact pattems cluling .swallowing, and has been shown to be

potentially useful in this area (Chi-Fi.shman & Stone, 1996). Unfortunately, this

research wa.s publi.shecl too late to have been uset\l during the planning of the present

study.

As this was primarily an electropalatographic investigatioll, a lirnited number of

cephalometric variables was selected to plovicle an overview of the skeletal and dental

morphology of the .subjects. The use of a small number of measures has the additional

be¡e1ìt that it clecrea.ses the likelihoocl of statistically signitìcant tìndings occurring by

chance (Tulloch et ril.., 1997).

A large number of statistical comparisolìs was obtained fiorn analysis of the EPG data,

a¡cl it rnay be expected that some of these woulcl reach .statistical significance by

chance. The level of signiticance was therefbre pre-determined at 2 I 0.01 in ofder to

recluce this statistical 'noise'. Fol the cephalornetric data, howevet, there were f-ewer

comparisons, and therefole the level of signitìcance wa.s set at 1, < 0.05.

Recruitrnent of patients fbr the stucly proved to be ditlìcult, and it was not possible to

fìnd more than eight chilclren who met the selection cliteria within the time allowed.

Altlrough the plevalence of AOB has generally heen reported to be less than 5obt,

depending on the cliagnostic criteria usecl, it rnay be that the prevalence of AOB in the

local population is lower than elsewhere. However, llo evidence tìlr such a ditÏ'erence

has been founcl. It is probably rnole likely that the difficulty in tînding subjects is a

retlection of the local ref-erral mechanism.

No clitl'erence has been shown in the prevalence of AOB in hoys and girls (Roder &

Arencl, 7972), ancl theretbre girls coulcl have been included in the sample. It would

uncloubteclly have been easier to recruit a larger sarnple if girls had not been excluded-
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However, the incisol teeth erupt a t-ew months earlier in gitls than in boys (Bailit,I975),

apcl therefore it woulcl have been necessary to select slightly younger girls in order to

maintain a homogeneity of dental rnaturity within the sample.

The chitdren in the control ancl experirnental groups were matched for chronological

age. More preci.se matching, tbr instance for vertical and antero-posteriol skeletal, and

dental patterns, might have yieldecl more cletailed infbrmation on the diffelences

between the control ancl experimental groups, and on the eff'ects of therapy. However,

this was not possible with the small n¡mber of subjects available.

If the criteria for inclusion in the sample gtoup had specitìed dental rather than

chtonological age, gills coulcl have been included, which would have increased the pool

of potential experimental subject.s, ancl the sarnple coulcl have been more closely

matched with lespect to tlie eruptive .stâte of the incisot' teeth-

The co¡trol group of non-open hite chilclren had normal vertical incisor relationships,

whetea.s the subjects in the expedmental group had AOB. Spontaneous closute of AOB

occgrs in approxirnately 80%, of 10 to 12 year old children (Worrns et al., 1971). As

mentioned above, recruitment of sulïicient numbers of subjects for the experimental

group was ditTìcult, ancl therefore there was no control group of AOB childlen to assess

how much closule of AOB woulcl have occurred without therapeutic intervention; the

(non-open hite) control group was u.sed for this pttryose. However, growth changes and

alteration.s in incisor position in the experimental and control grotlp subjects may well

have been cliffercnt.

The mean time intelval between the pre- and post-therapy lateral head radiographs

taken for tlie experimental group subjects was 16.75 weeks, or apploximately one third

of a year'. Norrnative value.s for PP-Me predict that an increase of approxirnately lmm

per year will occur lbr 10 yeal olcl boy.s (McNalnara, 1984). The mean change during

the obselvation periocl wa.s an increase of 0.6rnr¡ fol PP-Me, which is therefore double

that preclictecl by McNamara. However, in the ladiographic euor study, PP-Me was

identifiecl as one of the lea.st reproducible cephalornetric measurements, and

furthermore, value.s tìlr hoth tlìe rneasuLed ditt'erence tiom the prescnt study, and the

expectecl clit'tbrence fì'om the McNamara's nonnative data are small. It is plobable that

some growth dicl take place in the experirnental group childlen, and that any treatment

effect attributable to the thelapy provided was superirnpo.sed upon the change due to

growth. Unfbrtunately, no normative values fol growth in children with AOB are

available tbr comparison.

For tive of the chilclren whcl receivecl swallowing re-education therapy, this was judged

to be successtïl; the newly learr.recl swallowing pattern hacl been generalised either after

3 or 4 session.s of therapy. Fot tlie.se cliilclren, the tnean time interval which elapsed
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between the cornpletion of the course ol therapy and the second lateral head radiograph

was 2.6 weeks. Although this is probably insutticient time for any skeletal anatomical

moditìcation attributable to the thelapy to be detectable, some evidence was found for a

trend for lurther eruption of the upper and lower incisor teeth, and a leduction in AOB

during the observation period. However, these dit-felences were small and failed to

reach statistical .signitìcance.

The cephalometric results inclicate that befbre treâtment, the experimental group wefe

diffelent tiom the control group. This is to be expected as the criteria for inclusion in

the expelimental group specifìecl that subjects should h¿ve an anterior open bite, and

t'urthermore, no AOB subjects were allowed in the control group. However, although

AOB was the only variable that was stati.stically signifîcantly ditTerent between the

sontrol ancl experirnental group.s before therapy, several mea.surertent.s of vertical facial

height almostreachecl statistical.signiticance. As can be seen fiorn Table 12 on page72,

{i11'erence.s between the control group ancl the experimental gtoup befole therapy fbr

SN-MP, AFH ancl PP-Me approachecl statistical signifïcance, indicating a possible trend

towards a longer facial rnolphology in the expet'imental group subjects. It should be

notecl, however, that in the enor stucly, SN-MP and PP-Me were the least reproducible

of the cephalometric measurement.s u.sed. Nonetheles.s, the association of these

morphological t'eatule.s with AOB has been reported widely in the litelatule (Lopez-

Gavito et nl., 1985).

From Table 12 it can also be seen that ditTelences hetween lrean value.s of U1-SN, U1-

PP ancl IIA between the experimental and control groups were high, but the dit'ferences

were not statistically .signiticant. Table 30 on page 132 shows the mean values and

standarcl cleviation.s fol the upper incisol to clanial base, and inter-incisal angles tiom

the long facecl group in the University of Iowa longitudinal facial growth study (Bishara

& Jakobsen, 1985), ancl tiom the control group and expelirnental group before and after

therapy in the pre.sent study. The mean anterior face height for the Iowa long faced

grollp wa.s sirnilal to that of the control group in the present study, but was 6mm less

than the mean of the experimental group, thus placing the latter well into the long f'aced

categot'y as clescribecl by Bi.shara & Jakobsen. From the table, it can be seen that the

mean value toL UI-SN fbr the control group was 3.1o higher tlian that fbund in the Iowa

long facecl gronp. However, lbr the experimental gr:oup betble therapy, the upper incisor

to cranial hase angle wa.s almost 9o highel than that of the Iowa long faced group.

Similarly lbl the inter'-incisal angle, the mean value lbl the control group tïorn the

present stucly is comparable with values tiorn the Iowa study, whereas the mean IIA tbr'

the ple-therapy group was almost l0o lowel than the long faced Iowa group. These

various piece.s of eviclence may inclicate a ttencl towards greater upper incisor
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proclination in subjects with AOB, which has also beeu reported in mouth-breathers

with enlargecl tonsils (Behl'elt, 1990). Forwarcl restiltg tongue posture, which was also

noted by Beht'elt, coulcl accoulÌt fbr this phenomenon, and it may be that if the sample

group hacl been largel, these srnall clifÏelences may have reached statistical signifìcance.

Table 30 Means & standard deviations of u1-sN & llA from university of lowa
growth study & present study (standard deviations in parentheses)

lowa study Present study

Long faced Control Pre-therapy Post-theraPY

u1-sN (.)

ilA (")

100.7 (7.0)

12e.5 (7.8)

103.8 (3.8)

12e.2 (4.3)

10e.6 (5.7)

1 1e.e (8.2)

10e.1 (7.7)

1 18.4 (6.3)

Bishara & Jakobsen, 1985

Table 31 shows the mean values ancl standard deviation.s tol the soft tissue

cephalornetric variables inter-labial gap (ILG) and naso-labial angle (NLA) for the

control group, ancl the expedmental gtoup befole and afier thelapy. Standald deviations

tbr ILG ancl NLA are both large compared with their lespective mean values, indicating

high variability. Several children, whose lip.s were normally apart at lest, had large

values for ILG on olte racliograph, but had a value of zero on the other because they had

held theil lips together during the exposure. The cephalometric technique was not

standalclisecl with regarcl to lip postnre, and the chilclren were not told whether to relax

or tense their lips.

Table 31 Mean values & standard deviations of soft tissue variables for control
group & experimental group before & after therapy

Control Pre-therapy Post-therapy

Mean Standard
deviation

Mean Standard
deviation

Mean Standard
deviation

ILG (mm)

NLA (")

0.9

114.4

2.0

7.0

2.O

108.9

3.0

6.0

4.1

106.9

3.3

10.4

The first session of the course of swallowing rc-education therapy was directed towalds

developing new lnuscle patterns, which are neoessary as a foundation tbr a correct

swallow, ancl tbr correct lip and tongue postures (Zanfe, 1994). Good progress at this

stage enabled the child to move on to learning the new swallow, evell during the same
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session, if this was t'elt to be applopriate by the .speech therapist. However, there would

be little henetit in attempting to teach the new swallow if the child had difficulty in

grasping these new muscle pattelns. Therefore, whil.st every attempt was made to

standatdise the course of swallowing re-education therapy, it \vas necessary to vary the

thelapy accorcling to the chikl's response. From Table 10 on page 65, it can be seen that

only tbt chilcl I> was tbul sessions the cotrect number, and while some children

achievecl a successful outcome in three sessions, others needed more than the four

sessions originally planned.

As previously rnentionecl, fbr fìve of the experirnental gloup subjects the corlective

therapy was juclgecl to be successtïrl. The cliteria tbt succes.s wete that the child w¿s

able to use the new and old swallow.s on command, and that the new swallow was

generalisecl, meaning that the new swallow was used in notmal function. Asse.ssment of

generali.sation by the speech therapi.st is <lifTcult. Partly, this is because the child is

likely to be rcmiltclecl of the new leamed swallow .sirnply by being in the speech therapy

clinic. In adtlition, there may be .some halo eftèct, with the child making mol'e et'tort

cluring the thelapy session because of a desile to please the speech therapist.

For three chilclren the therapy v/a.s not succe.ssful by the encl of the fbur sessions. For

two of these, (A & Cì), turther thelapy se.ssions were lequired. Child C, however, was

withdrawn as his mother could .see no benefit l'r'om the thelapy. Indeed, it proved

irnpossible to motivate this chilcl, ancl therefore it is not stuprising the outcome of his

course of therapy wa.s not ideal. Plactice is a very irnportant a.spect of this type of

tlrerapy, ancl motivation ancl treatrnent slrcces.s go hand-in-hand (Zirnrnerman,1994).

The thelapeutic regirne plescribed tbr the childlen irr the experimental group focused on

correctiolt of their abnormal tongue lïnction. Altliough EPG recoldings were made of

dry and liquid swallow.s, the va.st majority of EPG data collected came from recordings

of the phla.ses listed in Appenclix 1 on pages 155 - 156. In retrospect, as the therapy was

directecl at retraining errant swallowing behaviour, it rnay have been more instructive to

have investigatecl changes in swallowing in more detail, rather than placing so much

emphasis on the assessment of tongue function during speech. It rnay have been more

usetïI, perhaps, to have recorded more than six swallow.s at each lecording session, and

to have valiecl the bolus size for the liquid swallows, as in the wotk of Gloria Chi-

Fishman and Maureen Stone in Marylancl, USA (Chi-Fishman & Stone, 1996).

The children in the present study received swallowing re-education therapy but no

.speech thelapy, ancl yet some changes wel'e fbund in EPG contact patterns during

speech over the observation peliod, although no clear pattern was evident. Some of the

observed change rnight be attributahle to alterations in the position of the anterior teeth

or dento-facial growth, but a.s di.scus.sed ahove, little change would be expected in such
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a short time, and incleecl little was fbuncl. In the pa.st, it has been noted that it has not

been proven that the le-eclucation of swallowing activity at'fects speech (Subtelny,

1965). It is possible that the observed change is evidence of such a crossover effect,

with the altered swallowing patteln causing change in EPG contact patterns during

speech.

In the pl.e.sent stucly, the cour.se of therapy was directed at the alteration of tongue

activity cluring tunction. However, the resting posture of the tongue is considered to be

morc important than t'unctional activity in the zctiology of AOB (Proffit & Mason, 1975;

Fr.ölrlich et o1..,1991; Proffìt & White, 1991). Although some changes in function were

clemonstratecl aftel therapy, resting tolìglìe po.sture was not investigated, and therefbre

no eviclence for a change in re.sting tonglle postul'e was founcl. Atty motphological

changes over the course of therapy rnight constitute evidence that le.sting posture was

changecl by therapy airned at altering tunction. Although after therapy there was a trcnd

towarcl.s eluption of the Llpper ancl lower antedol teeth, with a concomitant reduction in

AOB, none of the changes in cephalometdc variables reached statistical significance- It

must be noted, however, that the post-therapy lateral head radiographs were probably

taken too soou afier thetapy f'or anatomical adju.strnents tO have been seen.

Sevelal EPG systems are currently in use, with varying numbers and confìgurations of

elecftodes. As there is consiclerahle inter-speakel valiability in palate size and shape, the

po.sition of a given electrode in systems which use a preformed electlode grid may hear

no consistent relationship to physiological landrnaLks, or the area of articulation for a

particulal souncl (Byrcl et n|.,1995). In the Reading system, wliich was used in the

present .stucly, the 62 electrocle.s at'e al'flurged according to a predetermined scheme

based on anatomical lanchnalks. This ensures that the spatial relation.ship of any given

electrode to the acljacent oral structnres is sirnilar fol dillèrerlt palate sizes (Hardcastle ¿/

a.1.., l98L)), thu.s rninimising the inter-individual variation attributable to the EPG

recorcling sy.stem itself. Chi-Fishman ancl Stone used a Kay Elernettics EPG system,

which is basecl on a 96 contàct gLicl (Chi-Fishman & Stone, 1996); relating the results of

theil wort to the tìndings ti'orn the pre.sent study is thelefore difÏcult.

Previous investigations of tongue linction have used an x-ray .soltrce to locate metal

pellets atTxecl to the clorsal sulfaoe of the tongue (Hamlet, 1989). Electromagnetic

articulography, a more mocleln aclaptation of this technique, avoids the use of ionising

racliation, ancl insteacl uses srnlll coil.s attached to the surface of the tongue in the

miclline. The position of the coils can be tlacked by the measuring the signal induced in

teceiver coil.s placecl outsicle the lnouth, and thus the contour of the dorsal surface of the

tongue can be clecluced (Schönle et ctl.,1987). IVhereas the part of the tongue contacting

the palate can only be gue.ssecl with EPG, electromagnetic articulography has the
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aclvantage that the exact site of the tongue .surface in contact with the palate is known- A

cornbination of the two techniques rnight yield even more ptecise infonnation on tongue

tunction.

Before recorcling EPG data, it has been tbuncl necessary fbr subjects to use a 'dummy'

plate in order to allow speech to accommodate. Various lengths of accommodation have

been used ranging liom tïll-time wear tbr two weeks (Lundqvist et al., 1995), through

three days (ProtTìt et a.1.,1969), to a mere 5 minutes used by Flege (Byrd et al., 1995).

There is also some incliviclual variation in the ability to accommodate to the presence of

an intra-oral device of this type (Allen, 1958). In the present study, although the

subjects wele a.sked to wear the plate lor three days prior to the recording session, in

practice, they may not have managed f'ull-time wear. Byrd and co-workers lequired

their subjects to wear the EPG plate tbr one houl plior to the recording (Byfd et al-,

1995), and in the recent wor* in the United States, subject.s wore theil' 'dummy' plates

for'20 minutes while the recorcling equiprnent w¿ts set up (Chi-Fishrnan & Stone, 1996).

These methocls have two clistinct aclvantages over the technique u.sed in the ptesent

study. Filstly, the accor¡modation tirne can be .supelvised, and secondly, the

accommoclation time is stanclalclisecl, thus removing a pcltential sotlrce of variation fiorn

the EPG data.

Electropalatography generates massive amounts of binaly data, which is difficult to

analyse quantitatively (Fontclevtl'¿ et a1..,1994), and must therefore be reduced in some

way in orcler to be meaningtul (Byrcl e.t aI.,1995). E.stablishecl rnethods tbr summarising

EPG clata utilise spatial ancl tempolal recluction (Fontdev\la. et crl.., 1994). In spatial

recluction, the electrocles are analysed in grottps, with contact.s averaged within the

gl'orìp. In temporal recluction, contacts of inclividual electrodes al'e avet'aged over time.

An extreme exarnple of ternporal clata reduction is the analysis of a single tiame of EPG

data, which ignores tirne altogetheL (Byrd et a\.,1995). It is possible to use both forms

of reduction together to recluce the amount of data turther. However, either the dynamic

or quantitative aspects of the clata, or hoth, can be lclst in such data leduction (Butcher,

19S9). In the present stucly, temporal data reduction was u.sed in the production of the

palatograrns reproclucecl in Appenclix 4 on page s 162 - 17l, and both spatial and

tempolal tecluction were usecl in the numerical analy.sis involving average notional row

(ANR) number.s.

Wicle variation between inclivicluals has been tound in tongue contact during speech

using hoth conventional palatography (Allen, l95S) and electlopalatography (Hamlet e/

aI., 1986; Lundqvist et al.,1995). In the present study, similar inter-individual variation

may have been present in all EPG parameters meastued. However, in order to reduce

the amount of inforrnation, EPG data was pooled and analysed fbr whole groups of
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subjects, so that inter'-incliviclual varirtion was rna.sked. Although such loss of

intbrmation on incliviclual valiation has been regarded as a contla-indication to the

pooling of EPG data fiorn clitTelent indivicluals (Harnlet et u|.,1986), it has nevettheless

been usecl elsewhere (Dagenais et a\.,1994; Tindall, 1998), and may be seen as a further

EPG data recluction rnethod. I¡ EPG studies which analyse subjects individually, the

amounts of EPG clata usecl are relatively srnall, pelhap,s 120 to 150 discrete EPG ovents

(Lundqvist et a1.,1995; Chi-Fishrnan & Stone, 1996; 
'Wakumoto et aI., 1996). Group

analysis has been usecl where largel volumes of EPG data have been examined, tbr

example 3,600 EPG events (Dagenais et cLl., 1994), and the present study which, in

coniunction with the work of Dr Anclrew Tinclall, analysed over 10,000 discrete EPG

events (Tinclall, 1998). Group EPG clata reduction was also necessary in the present

stucly in orcler to compare tongue finction in open bite and non-open bite samples of

patients, which was one of the aim.s of the investigation.

As cliscu.ssecl above, the avelage notir'¡nal row (ANR) numher is derived fiorn the

cornbination of both spatial and tempotal clata rcduction, and is a convenient measure of

average tonglte to palate contact over a given time span. Palatograms are also a

convenient rnetaphor for the vi.sual representation of linguo-palatal contact. Howevet, as

notecl previously, the gleater' data lecluction used to produce the ntlmelical value does

mask usef-ul infolmation.

Figure 12 on page 137 shows the control group and pre-therapy experimental group

palatograms ancl mean ANR values for the whole worcls'chain','dLedget" &'clock'.

As can be seen tiom the tìgure, there is a lelatively deep pattern of antelior contact in

the contlol group for'chain', ancl in the expetirnental group tbr'dredger', while the

pattern in the experirnental gtoup for 'chain' tnd the control group for 'dredger'

Àmounts to a single tow only. Although the experirnental group palatograms for both

wolcls clo .show a slight increase in posterior contact, as indicated by the appearance of 3

blue contacts in the two posteriol rows of electrode.s, the ANR values convey little

inforrnatiolì on the change in tlie pattern of anterior contact, which is quite ditÏerent

between the two wotds.

Despite the fäct that the rnean ANR values fbr the pre-therapy aud control groups tbr

'clock' ditlèr' by only 0.20, the pattern of contact in the palatoglarns is dissimilar'. As

can be seen from Figule 12, the control group made more consistent postero-lateral

contact, and noticeahly rnore anteriol oontact than the experimental group.

These result.s contirm th¿t data is lost when spatial and tetnporal data reduction are

combinecl (Butcher, 1989), but suggest that palatograms rnay be rnore intblmative. It

woukl appear that although the lnean ANR values may he usetil, they should be used in

coniunction with palatograms.
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r electrode contact > 25o/o of duration of word
o electrode contact > 15o/o of duration of word
" electrode contact < 15o/o of duration of word
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Close examination of the numerical ancl palatographic data obtained fi'om the control

group and the expedmental gloup betbte therapy (see Table 32 & Figute 13) indicates

that tbr the palato-alveolar attricate phonemes ltl-l and lcVJ, the dif.terences hetween the

groups, although small, were large enough to constitute a distinguishing t'eature between

the groups. As can be seen fiom Table 32,the mean values tbr duration and ANR of the

tfl dnd/cþ closure.s were higher in the experimental group children. These findings may

indicate a more ponclerous execution of these souuds with a noticeably different pattem

of tongue activity, which contirms the irnpression that it is indeed possible to detect

these ditfelences clinically in open bite childlcn. However', the predictive value of these

so¡nds remain.s to be.systematically te.sterl. With this caveât, it is nonetheless suggested

that the /U7 ancl /{,/ plionelnes mây be of as.sistance in tlie diagnosis of tongue thrust,

ancl shoulcl be incluclecl in any list of test wotcls used lor this purpo.se. In the other'

closures examinecl in <letail, no general clistinguishing characteristics were fbund, and

any usefÏl cliagno.stic infbrrnation containecl in the whole word data rnay have been

masked by the presence of other phonemes within the words.

Table 32 Mean duration & ANR values for control & experimental
group subiects before therapy for lLfl & /$/ closures

Group

Mean duration (ms) Mean ANR

Control Pre{herapy Control Pre-therapy

tu'/

lrhl

111.2

1 16.5

79.1

92.3

2.26

2.35

3.56

2.96

Although tlie procluotion o1 tlie /s/ sound has beerr investigated with EPG in non-open

bite inclivicluals (Lunclqvist et rtl.,l995), ancl with lateral head radiogtaphs in tongue

thrusters (Subtelny, 1965), it woulcl appeil that to date the production of this sound by

tongne thrusters h¿rs not heen studied with EPG. Becau.se the /s/ phoneme does not

usually contain a closure, it was not .specifically investigated in the present study.

Examination of tlie numerical ancl palatographic data fot words containing the /s/

phoneme (.see Figule 14 on pages 140 - 141).showed no detectable antero-posterior

cliff'erences between the control gl'ollp and the expet'imental group before therapy, but as

mentionecl above, tlie presence of othel phonemes within words may have masked

information relating to the /s/ phonerne. However, the palatograms in Figure 14 do show

that the central groove was wider in the experimental subjects, possibly indicating

palatal contact by a ditl-ereut area of the tongue tbl these wot'd.s.
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Figure 13 Palatograms for /S/ & /$/ closures from control & prethetapy experimental
groups

o electrode contact > BOo/o of duration of closure
o electrode contact > 6OVo of duration of closure

- electrode contact < 600/o of duration of closure
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Figure f 4 Palatograms for words containing the /s/ phoneme for control & pretherapy
experimental groups (continued on following page)

o electrode contact > 25o/o of duration of word
¡ electrode contact > 15o/o of duration of word
- electrode contact < 15o/o of duration of word
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The length of a clo.sure is deperrclent on the phonetic context, and is therefore vaúable,

but rnay last fiorn 40 to 150ms (Clark & Yallop, 1995). The mean closure durations

tbund in the present stucly were all well within these limits, ranging ftom 71-8 to

116.5ms. Clatk and Yallop also note that the duration of a closure is often shorter when

voiced than when voiceless. Table 33 shows the mean durations of 6 of the subset of 8

closures selectecl for fulther analysis tiorn the plesent study. In the table, the closules

al'e arrangod in pairs, with the voiceless closure below its voiced countelpart. Because

the 2 velar closures occur at clitl'elent positions within the wotds, they are not stlictly

comparable with each other. Nevertheless, as can be seen fi'om the table, voiced

closures were often shorter, but in contrast to Clark and Yallop's obsetvation all three

voiceless closures were shorter in the 'notmal' conttol grotlp.

Velar clo.sures are initiatecl by contact between the back of the tongue and the soft

palate. Duling the closure, contact extend.s lbrward.s to the hard palate before 'peeling'

away agailt near the encl of the closule. Therefore it is plobable that the durations of the

velar clo.sutes were actually artifìcially short because the EPG plate only extends

clistally as lar as the junction of the hard and solt palate, and any linguo-palatal contact

behind this wa.s not registered.

Table 33 Mean durations of voiced & voiceless closure pairs for control group
& experimental group before & atter therapy

Mean duration (milliseconds)

Closure Phonation mode Control Pre-therapy Post-theraPY

ldloor

lLleam

voiced

voiceless

1 16.1

87.1

110.0

112.8

109.4

104.2

l&_,/oke

l{ lain

voiced

voiceless

1 16.5

112.2

99.5

111.3

92.3

79.1

lelgl

suiVk/ase

voiced

voiceless

96.0

92.5

87.4

97.6

72.4

105.4

From the fotty-two closures chosen tiorn the word list, a .srnaller suhset was selected tbr

more detailecl ex¿mination. From Tahle 14 (page 82) and Table 15 (page 83), it can be

seen that many of the original 42 clo.sules were made infiequently, and inclusion of

these would have .skewecl the analysis. Thelefore, only closures which were made

consistently were inclucled in thi.s suh.set. Arbitrary cliteria were used to select the most

leliably proclucecl exarnples of each clo.sure type in both the control group and the
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experimental gtotrp before thelapy, ancl also to ensute that this subset of eight closures

included a wide variety of closure types.

Examination of the palatographic ancl numerical data fol the colltrol and experimental

groups betble therapy inclicates that there were some dift'erences between the two

gl.oups. These clift'erences, although small, were evident in the data from closures,

words ancl swallows, ancl inclicated a trend tbl more posteriol' palatal contact in the

experimental subjects. This fincling has not been reported betbre, but would .seem to

contlaclict the hypothesis that during swallowing, the tongue adapts to the presence of

the AOB by tïnctioning more anteliorly (Wallen, I9l4). However, the front of the EPG

plate only extencls to the palatal gingival rnargins of the upper incisors, and cannot

therefble quantity tongue tïnction beyond this limit. It rnay be, therefore, that the

tougue cloe.s protrucle to et'tect an anteriol oral seal, but the EPG sy.stem fails to register

its position.

The procluction of the alveolal and palato-alveolar clo.sures normally involves the apical

region or tip of the tonguo, ancl the area of contact i.s small. Figure 15 on page I44

slrows the palatogram.s ancl urean ANR value.s f or the lü, lnl, lll ¿ndi {,/ closures for the

control and pre-therapy experimental subjects. As can be seen tiorn the palatograms, in

the contlol grollp the rniclline anterior contact fot'these closures was contined to a .single

row, whereas befole therapy, the children in the experimental group exhibited a deeper

pattern of miclline anterior contâot. In accoldance with Wallen's hypothesis, this may be

because the tongue wa.s protrudecl into the open bite; consequently, a mole posterior

part of the dorsal surface of the tongue, the laminal region, was blottght into contact

with the palate cluring the ptocluction of the.se sounds. The laminal legion of the tongue,

which is also known as the blacle, i.s larger: than the tip, and would therctble be expected

to procluce a lalger EPG contact area, as can be seen in the pre-therapy palatograms in

Figure 15.

The higher me¿n ANR values founcl in the expelimental subjects suggest that betbre

therapy, the AOB children h¿cl I more po.sterior contact pattern. However, where the

col'ttrol group childlen exhibited a srnall antedor cont¿ìct pattern, a.s in these 4 closurcs,

the cleeper anterior contact pattel'n tbund in the experimental subjects may account for

these highet values. Thu.s, although the tongue is protruded into the open bite, and is

actually positionecl anteriorly, the deep EPG oontact pattern associated with lamino-

palatal contact in the anterior region re.sults in a higlier rtean ANR, irnplying a more

posterior pattern of contact in the AOB subjects. Again, it appears that palatographic

rcpre.sentation of EPG data rnay be more infonnative than numedcal ANR values.
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Figure 15 Palatograms & mean ANR values lor ltl, hú,|V, M, ßl & lgl lor control group &
experimental group before therapy (continued on following page)

¡ electrode contact > 8oo/o of duration of closure
o electrode contact > 60Vo of duration of closure
'. electrode contact < 600/o of duration of closure
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The palatograms and mean ANR values for the velar closures, lkl and lgl, arc

reproduced above. The palatograms for these closures show a more posterior pattern of

contact in the experimental group subjects. V/hile a more posterior contact pattern is

normally associated with a higher ANR value, this may not be true for velar closures if
linguo-palatal contact occurs behind the posterior border of the EPG plate. In this case,

some linguo-palatal contact at the posterior limit of the closure may not be registered,

resulting in an deceptively low ANR value.

Although the differences in mean ANR values between the two groups were small and

failed to reach significance, the value for the experimental group was higher fot the lgl

closure and lower for the /k/ closure. The reason for these contradictory ANR values is

not clear, but other factors, such as the pattern of lateral contact, the balance between

anterior and posterior contact, and the effect of different percentages of contact do

influence the mean ANR value. As discussed above, the palatogram may be more useful

than the numerical ANR value.

Examination of the palatographic and numerical data for the closures and words for the

experimental group before and after therapy showed no clear pattern. Approximately

equal numbers of mean values moved away from, and towards the control group values,

although differences were all small. Furthermore, the palatographic and numerical ANR

often gave conflicting impressions about what changes had taken place. For example,

the palatograms and mean ANR values in Figure 12 onpage 137 show that for 'chain'
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and'clock', the rnsan ANR value illclicate.s that atler thetapy, the experimental group

chilclren were more like the control.s than betble. On the other hand, the palatoglam

suggests the opposite. Fol the word'dredger', the palatogram suggests that the

experimental group chilcü'en more closely resernbled the controls after therapy, but the

mean ANR value indicates othelwise. It should be noted that a higher ANR value may

indicate more posterior contact, less anterior contact, or both as can be seen from the

control and pre-therapy palatograms for 'clock' in Figurc 1.2. Where more than one

closure occrì¡s within a worcl, ancl these are atl-ected ditTerently, the mean ANR may be

of limited value.

For both ch'y ancl liquicl swallows, cliff'elences were also small, and f-ailed to t'each

statistical signifìcance. However, eviclence frorn the pllatoglam.s and the numerical

ANR clata both inclicate a trencl towarcls a ûrore anterior pattern of palatal contact atter

therapy. This irnplies that swallowing function in the experimental group subjects

lesernblecl the contlol group more closely aftel than before the cout'se of therapy.

Examination of the palatograms in Figure 16 also suggests a more consistent ¿nd

defìnite pattern of contact fol both wâtel' and saliva swallows aftel the course of

therapy, also mole closely re.sernbling the control group, which suggests that for

swallowing, the thetapy wa.s at least partly succes.sful in its aim of correcting the errant

swallowing behaviour.

Palatograrns of the swallow.s in Figure 16 show lelatively sparse patterns of contact in

the experirnental group childlen cornpared with the control subjects, in whom a stronger

p¿rttern of peripheral contact, and a well delined posterior palatal bolus cavity were

found. It is t'easible that the sporadic contact pattern .seen in the experimental subjects

befbre therapy nray be causecl hy recluced linguo-palatal pressure. Although some

worket.s have tbuncl iltcreasecl tongue pressLrre duling swallowing in AOB patients

(Kyclcl et a1..,1963), others have shown that some tongue thrusters exhibit little or no

pressure, wheleas others use vety heavy pressurs duling swallowing (Proffit et al.,

1969). The post-therapy palatoglarns show that the pattern of contact after therapy had

become more like that of the controls than befole. It appeals that aftel therapy the

expetimental group subjects hacl improved theil pattern of contact, and it may be that

they also incleasecl the lbrce with which they held the tongue against the palate during

swallowing.

There was also some eviclence of le.ss con.sistent production of closures by the

expedmental group subjects. Although the reason tbr this is not clear, it is possible that

it results fi'om reduced linguo-palatal pre,ssule durirrg t\nction.
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. electrode contact > 900/6 of duration of swallow

¡ electrode contact > 75o/o of duration of swallow

electrode contact < 75o/o of duration of swallow
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Figure 16 Palatograms & mean ANR values for saliva & water swallows for control group
& experimental group bEfore & after therapy

Previous work has established that dry and liquid swallows are different in nature, with

greater tongue to palate contact occurring in the dry swallow (Hamlet, 1989). The

results of the present study, and particularly the palatographic representations of the

saliva and water swallows are in accordance with the findings of Hamlet.

There is some evidence that sensory feedback of bolus size modifies pharyngeal and

oral function during swallowing (Hamlet, 1989), although the effect on linguo-palatal

contact patterns may be small (Chi-Fishman & Stone, 1996). The mean bolus size used

in thin liquid swallowing has been found to be 21m1, and it has been suggested that the

bolus size for investigation of swallowing in men should be 25m1, and 20ml in women

(Adnerhill, 1989). Unfortunately, no recommendation was made for the ideal bolus size

for use with pre-adolescent boys.
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In the present study, no atternpt was made to standarclise the size of the liquid bolus

swallowed, ancl this rnight have been expectecl to exaggerate tlìe variability found in the

water swallows. Table 34 summarises the mean ANR values for both water and saliva

swallows for the control group and for the experimental group before and after therapy.

As can be seen tiom the table, values fbr the standald el'ror wete low for all groups for

the saliva swallows, and even lower for the water swallows. It is also notable that

var.iability was consistent across the 3 groups for each swallow type. Although Hamlet

found that bolus size has some efTect on the valiability of liquid swallows (Hamlet,

1989), the low variability of the results of the present study may indicate that

standardisation of the holu.s size is not nece.s.sary. Thi.s may be either because the

children clrew reproclucible volumes of watel into their mouths unaided, which seems

unlikely, or because the variability of ANR values is not greatly influenced by bolus

size. Nevertheless, bolus size standaldisatiou woulcl have elirninated this source of

potential error from the data. Hamlet's subjeots were not selected for anterior open bite,

ancl it woulcl appear that the present study is the tìr'st to have compaled the swallowing

function of AOB children with a non-open bite contlol gloup.

Table 34 Mean ANR for all swallows for all groups (standard errors in
parentheses)

Mean ANR (standard error)

Swallow Control Before therapy After theraPY

saliva

water

4.70 (0.1 s)

4.6e (0.1 1)

5.01 (0.1 5)

5.18 (0.12)

4.82 (0.15)

s.oe (0.12)

One aim of the present study wa.s to plocluce a cole of experirnental data, and this was

achieved. Great potential remains fbl furthel analy,sis of both the cephalometric and

EPG data, ancl several po.ssible clirections fbl tuture work h¿ve hecome apparent during

the cour'.se of the inve.stigation.

As discussecl earlier, a vast amount of clata wa.s collectecl in the present study, and data

reduction was thelefbre necessary de.spite the infolmation loss that this causes (Hamlet

et ct\.,1986; Fontdevila et a1,., [)94; Byrd ef al., 1995). Analysis of the data for each

individual woulcl allow apprai.sal of inclividual responses to trcatment. The experimental

subjects showecl a variety of responses to the therapy, and analysis of the subjects

according to the outcome of thelapy rnight teveal cephalornetric and EPG differences

between children who responded to therapy and those who did not.
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The observation periocl in the prcsent stucly wa.s necessarily short, ancl plecluded longer

term follow up of the chilch'en involved. Cephalometlic analysis of new lateral head

radiographs of the experimental group subjects would show any dento-facial changes

that may have occurred in the year since the end of therapy, although without an open

bite control group, interpretation of the results would be diftïcult. Follow up EPG

recordings would also be uset'ul, but as the boys in the sample group are both gfowing

and exfoliating deciduous teeth, it is unlikely that their EPG plates would fit after a

year. Remaking the EPG plate.s would be expensive, and would introduce a potential

source of errol between the new data and data from the pre- and post-therapy

recordings.

Earlier work has usecl EPG to investigâte the procluction of the /s/ sound, although not

in open bite subjects (Lunclqvist et a1,.,1995). Although the /s/ sound was not examined

in cletail in the present study, the pre-therapy experimental subjects were found to have

¿ wider. central groove in worcls containing the /s/ phoneme. Further analysis of the data

might clarify clitTerences in the procluction of the /s/ sound by open bite and non-open

bite subjects.

Large clif-ferences in closure tiequency were found between the control and pre-therapy

expelimental subjects, and fbr fbur of these closures tl're dit-terences reached statistical

signiticance. DifTerent patterns of EPG contact fbr the /17 and iSl closures were also

fou¡d in the two gtoup.s. Fulthel inve.stigation of the.se, and a variety of other phonemes

woulcl increa.se our understancling of the ditÏèrences between open bite and non-open

bite subjects.
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1. From a teview of the publi.shed literature it was fbund that:

the ætiology of anteriof open bite (AOB) rcmains uncertain, but resting tongue

posture is thought to be an important ætiological factot'. AOB can be caused by

non-nutritive digit sucking.

o

o treatment of AOB is notoriously diffìcult, but spontàneous closure is common-

Myof'unctional therapy (MFT), orthodontics and surgery have been used to

tr.eat AOB; if anterior tongue posture persists atter open bite conection, relapse

is likely.

. tongue thlust swallow is commonly found with AOB, facilitating an antelior

oral seal; tongue behaviour i¡ these ca.ses is probably adaptive.

o tongue thrust has been trcated by AOB closure, and with MFT.

. MFT has not been subjected to.systematic evaluation-

o electropalatography (EPG) enables speech pathologi.sts to measule dynamic

tongue function tbr cliagnosis, treatment and lesearch purposes, but it has not

been used widely in otthodontics.

2. Lateral heacl racliographs ancl EPG recordings of speech and swallowing were

made for an experimental gloup of 8 AOB children, and a group of 8 non-open

bite controls.

a) Comparisons of the cephalometlic clata indicated:

o that the groups were sirnilar for all cephalometric valiables measured except

AOB, fol which the difference between mean values was statistically

signitìcant (p < 0.05).

o a tt'end towar<ls longer lace molphology and uppel incisor proclination in the

experitnental group subjects.

b) Cornparisons of the EPG data indicated:

o a trend fbr more consistent production of closutes in the contlol group, with

high variability in the occumence of closures in both groups.

c) A subset of 8 closures were .selected for more detailed analysis, which indicated:

. a trend in the ANR and palatographic clata towards more anterior linguo-palatal

contact in the control subjects.
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a cliffèrent pattern of anterior contâct fbr the palato-alveolar closures, /f/ and

l$1, in the two groups.

a trend for shorter lll md /n/ closures in the experimental group subjects.

rnclsol's

-
-')

o sirnilar variability in dulation, ANR and closure index values for both groups.

d) Analysis of the EPG data for whole wotd.s and swallows indicated that:

. the control group subjects showed a more ¿nterior pattem of palatal contact-

o for /s/ phonemes, some evidence for a wider central lingual groove was found

in the experirnental group subjects.

o during .swallows, the experimental children displayed telatively sparse patterns

of EPG contact compared with the control .subjects, in whom stronger

peripheral contact, ancl a well defined posterior palatal bolus cavity were

tbuncl. For water swallow.s, the difïerence in lnean ANR values between the

groups reached statistical signifìcance (p < 0.01).

The children in the experimeutal group received a course of therapy designed to

con'ect tongue thrust swallowing behaviour.

a) Comparison of the cephalometdc data tiom betbre and atiel therapy indicated:

o very little change during the ob.servation period, but some evidence for a trend

towards recluction of the AOB, and fÏrther eruption of the upper and lower

b) Cornparison of the EPG data tì'orn befbre and after therapy indicated:

. high variability but no ole¿tr pattern in dif-terences in the fi'equency of

occuffence of closures over the observation period.

c) A subset of 8 closures were selectecl t-or mole detailed analysis, which indicated:

o that although the llland /n/ closures incrcased in length between the recordings,

and the ltl,ldl, /tf-i and /cp closules were shorter at the post-therapy recording,

none of the clilTerence.s in duration of the selected closures reached statistical

signitìcance.

o tlrat lnean clo.surc inclex values tbr 2 closutes, /l/eg andlelgl, incteased between

the two lecorclings, while tbr the remaining 6 closures the mean closure index

fell. Only fbr'/f/ain did the clitl'erence reaoh statistical signifìcance (p < 0.01).



4

PRINCIPAL FINDINGS 153

. similar variability in the cluration and ANR of the closures before and after

thelapy.

d) Analysis of the pre- ancl post-therapy EPG data tbr words and swallows indicated:

o conflicting numelical and palatoglaphic eviclence, with no clear pattern of

change for the 32 words stuclied. Variability wa.s high before and after therapy.

o a trend towards a more anterior pattem of palatal contact, and a more consistent

and definite pattem of contact atter therapy for the water and saliva swallows,

but dit'terences between recordings failed to reach statistical significance.

Potential remains fol turther analysis of the data collected, including individual

rathel than group analysis of data, and assessment of sounds not examined in the

pre.sent study.
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10.1 Appendix 1. Word list used for EPG recording sessions

The following list of worcls, compiled by Prof'essor Andrew Butcher, contains a variety

of different sounds occun'ing in various contexts. Each phrase begins with 'it's a...',

which contains a closure. This can he used as a ref-erence point in data analysis. The 49

subject words are repeated 3 times throughout the course of the list, except the first

word, 'thong', which occurs 4 times. Each word is placed in a diff'erent group each time

it occurs.

1. It's a thong

It's a kitkat

It's a castle

It's a shore

2. It's a squashkit

It's a tìshing rod

It's a box

It's ajoke

3. It's a skate

It's a slipper

It's a tickler

It's a leg

4- It's a math.sbook

It's a clock

It's a ladder

It's a f'eather

5. It's ¿ thickshake

It's a cat's t¿til

It's a zip

It's a deckchair

6. It's a thread

It's a suitcase

It's a start

It's a tractor

It's a seesaw

It's a chain

It's a dredger'

It's ¿ star

It's a shack

It's a team

It's a tooth

It's a desk

It's a door

It's a tlash

It's a book.shclp

It's a cocktail

It's a sword

It's a measure

It's a sheep

It's a LazoL

It's a tune

It's a biscuit

It's a nose

It's a .saddle

It's a trottel

It's witchcraft

It's a tack

It's a catcl'l

13. It's a stretcher

It's witchcratt

It's a desk

It's a tune

14. It's a stretcher

It's a shack

It's a chain

It's a thread

15. It's a shote

It's a trotter

It's a leg

It's a bookshop

16. It's a suitcase

It's a star

It's a seesaw

It's a team

17. It's a sword

It's a skate

It's a ladder

It's a thickshake

18. It's a dredger

It's a mathsbook

It's a squashkit

It's a box

7.

8.

9.

10.

11.

12.
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19. It's a cat's tail

It's a tlash

It's a tooth

It's a saddle

20. It's a sheep

It's a deckchait

It's a clock

It's a thong

21. It's a fìshing rod

It's a biscuit

It's ajoke

It's a slipper

22. It's a tack

It's a kitkat

It's a cocktail

It's a tickler

23. It's a nose

It's a tractor

It's a mea.sure

It's a start

24. It's a catch

It's a zip

It's a f'eather

It's a castle

25. It's a door

It's a razot

It's a kitkat

It's a squashkit

26. It'.s a razor

It's a mathsbook

It's a fishing lod

It's a cat's tail

It's a clock

It's a skate

It's a shore

It's a deckchair

It's a bookshop

It's a zip

It's a shack

It's a joke

It's a star

It's a slipper

It's a tooth

It's witchcrafl

It's a trotter

It's a saddle

It's a box

It's a desk

It's a sword

It'.s a sheep

It's a 1'eather

It's a .start

It's a door

It's a tractor

It's a thong

It'.s a thread

It'.s a suitcase

It's a chain

It's a tlash

It's a tickler

It's a catch

It's a dredger

It'.s a cocktail

It's a thickshake

35. It's a measure

It's a stretcher

It's a nose

It's a tack

36. It's a leg

It's a seesaw

It's a castle

It's a biscuit

37- It's a team

It's a ladder

It's a tune

It's a thong

27.

28.

29.

30.

31.

32.

33.

34.
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1O.2 Appendix 2. Phonetic notations

Table 35 Phonemes & IPA symbols used for notation of
closures

Word Phoneme IPA symbol Notation

t57

box

box

castle

catch

chain

chain

clock

clock

cocktail

cocktail

cocktail

deckchair

deckchair

desk

desk

door

dredger

dredger

loke

kitkat

kitkat

ladder

leg

leg

mathsbook

nose

slipper

squashkit

start

stretcher

stretcher

suitcase

suitcase

sword

tack

tack

team

thong

thread

trotter

witchcraft

witchcraft

bo/k/s

boUs/

/l'</astle

calfl
ltflain

chai/n/

/k/lock

clYock

co/k/tail

cocUVail

cocktai/l/

de/k/chair

deck/tflair

/d/esk

des/k/

ldloor

/d/redger

drel<þ ler

l$ loke

/k/itkat

kitka/V

la/dler

llleg

lelgl

mathsboo/k/

/n/ose

s/l/ipper

squashki/U

star/V

s/Vretcher

stre/ t/er

sui/Ucase

suiVk/ase

swor/d/

Itlack

lalkl

lUeam

tho/n/

threa/d/

lroll/er

wi/{icraft

witch/k/raft

k

s

c

ch

ch

k

s

k

{
I
n

k

I

k

t

I

k

11'

d

k

d

d

$
r.b

k

t

d

I

s

k

n

I

t

t

t

tf'

t

k

d

t

k

t

{ì

d

t

tl'

k

n

c

I

ck

t

I

ck

ch

d

k

d

d

dg

j

k

t

dd

I

s

k

n

I

t

tch

t

c

d

t

ck

ng

d

tt

tch

c
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10.3 Appendix 3. lndividual cephalometric values

The 3 tables on the following pages list the cephalometric values recorded in the study.

These have been included to allow examination of the values for each individual, which

are masked by the use of descriptive statistics.

Table 36 contains the values for the childlen in the control group. Lateral head

radiographs were not available for 2 children tiom the control group-

Table 37 contains the values tbr the cephalornetric measurements for the children in the

experimental group before therapy. Lateral head radiographs were available for all

subjects.

Table 38 contains the values fol the cephalornetric measutements fbr the childlen in the

experimental gloup atter therapy. A post-therapy lateral head radiograph was not taken

for child n.
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Table 36 lndividual cephalometric values for control group subjects

159

child

Value (units) I J K L M N o P

sNA (")

sNB (.)

ANB (")

sN-MP (")

sN-PP (")

N-PP (mm)

PP-Me (mm)

AFH (mm)

ls-PP (mm)

li-MP (mm)

AOB (mm)

u1-PP (")

u1-sN (.)

tMPA (")

ilA (")

ILG (mm)

NLA (")

79.5

78.O

1.5

28.O

6.0

49.s

61.0

1 10.5

26.O

36.0

1.5

117.0

111.0

93.0

128.5

0.0

121.0

81.0

74.5

6.5

38.0

9.5

52.5

62.5

1 15.0

28.0

38.0

1.0

111.0

101.5

96.5

123.5

5.0

122.O

83.0

78.5

4.5

28.O

4.5

46.0

56.5

102.5

25.0

36.0

1.5

107.5

103.0

95.5

134.0

0.0

105.0

79.5

75.5

4.O

32.O

9.0

50.5

64.0

114.5

29.O

39.0

0.0

111.0

102.0

101,0

125.O

0.0

1 18.5

79.5

78.0

1.5

30.5

6.5

47.5

s4.0

101.5

24.5

31.5

0,0

11 1.0

104.5

94.5

131.0

0.5

111.0

80.0

78.5

1.5

26.O

6.0

48.0

60.5

108.5

28.5

33.0

0.0

106.5

100.5

100.0

133.0

0.0

109.0
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Table 37 lndividual cephalometric values for experimental group subiects before
theraPY

chitd
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Value (units) A B c D E F G H

sNA (")

sNB (")

ANB (")

sN-MP (")

sN-PP (")

N-PP (mm)

PP-Me (mm)

AFH (mm)

ls-PP (mm)

li-MP (mm)

AOB (mm)

u1-PP (.)

u1-sN (")

tMPA (.)

llA (")

ILG (mm)

NLA (")

80.0

74.O

6.0

38.0

4.0

50.0

63.5

113.5

28.5

38.0

4.5

112.O

108.0

98.5

1 16.0

4.O

1 10.0

78.0

77.O

1.0

37.0

4.5

47.O

62.O

109.0

27.5

35.0

4.0

1 10.5

106.0

90.0

127.5

0.0

1 15.0

87.0

82.O

5.0

34.0

7.O

49.5

63.0

112.5

25.O

37.5

2.5

117.O

1 10.0

99.0

117.0

0,0

1 10.0

79,5

72.5

7.0

40.0

6.5

50.0

69.5

1 19.5

33.0

36.0

4.5

106.0

99.5

98.0

123.0

8.5

107.0

80.5

76.0

4.5

31.5

8.5

52.5

62.0

1 14.5

26.5

39.5

2.O

121.5

1 13.0

99.5

117.0

1.0

101.5

76.5

74.O

2.5

36.5

10.0

51.5

59.0

1 10.5

23.O

30.5

6.5

1 19.0

109.0

81.0

134.0

0.0

107.0

86.5

80.5

6.0

30.0

1.5

49.0

63.5

112.5

28.5

37.5

4.O

121.O

119.5

105.0

107.0

2.5

102.O

87.0

79.0

8.0

39.5

1.5

49.5

71.O

120.5

33.0

43.0

4.5

1 13.0

111.5

92.0

1 18.0

0.0

119.0
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Table 38 lndividual cephalometric values for experimental group subiects after
theraPY

161

chitd

Value (units) A B c D E F G H

sNA (")

sNB (")

ANB (.)

sN-MP (")

sN-PP (")

N-PP (mm)

PP-Me (mm)

AFH (mm)

ls-PP (mm)

li-MP (mm)

AOB (mm)

u1-PP (")

u1-sN (")

|MPA (.)

llA (')

ILG (mm)

NLA (")

78.5

75.5

3.0

37.5

4.0

48.5

62.0

1 10.5

28.O

36.0

1.5

108.0

104.0

95.0

123.5

0.0

122.O

87.0

85,0

2.O

31.0

6.0

50.5

64.5

115.0

26.5

38.5

0.0

120.0

'114.0

101 .0

1 14.5

7.O

113.0

79.5

72.5

7.0

41.5

1 1.0

52.5

71.O

123.5

32.O

38.5

5.5

106.0

95.0

97.0

124.5

2.5

108.0

81.0

76.O

5.0

34.0

8.0

52.5

62.0

114.5

26.5

41.5

1.0

121.5

113.5

101 .0

112.5

3.5

90.0

75.5

74.O

1.5

36.0

8.5

52.O

60.0

112.O

24.O

31.5

6.0

124.5

1 16.0

83.0

125.O

1.0

112.O

85.0

80.5

4.5

32.O

0.5

49.5

63.0

112.5

28.5

39.5

4.0

1 15.0

114.5

105.0

109.5

5.5

99.0

86.5

79.5

7.O

41.0

4.0

51.0

71.O

122.0

33.5

43.0

3.5

110.5

106.5

94.0

119.0

9.0

104.0
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10.4 Appendix 4. Palatograms summarising EPG data

The following palatograms show mean EPG contacts for all repetitions by all children

for the 8 closures, 32 words, and 2 swallows discussed in the text. Each coloured dot

represents an electrode; its colour depicts the mean percentage of time the electrode was

contacted during the recordings. The threshold levels used in each subsection were

chosen to illustrate differences between the 3 groups. The palatograms are arranged in

rows, which are labelled below. The left column refers to the control group, the middle

and right columns refer to the experimental group before and after therapy respectively.

10.4.1 Closure data

¡ electrode contact > BjVo of duration of closure
o electrode contact > 60%o of duration of closure
'' electrode contact < 600/o of duration of closure

Before therapyControl After therapy
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After therapy

10.4.2 Worddata

r electrode contact > 25o/o of duration of word
¡ electrode contact > 15o/o of duration of word
- electrode contact < 15o/o of duration of word

Before therapyControl
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Before therapyContro After therapy
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