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ABSTRACT
A corpus of about 100 meaningful ka-
lian words uttered by 36 normoccluded
and maloccluded subjects has been
analysed spectrographically. The re-
sults show that a direct relationship
between different classes of malocclu-
sions and speech errors does not exist.

1. INTRODUCTION

One of the questions which has al-
ways been and still is outstanding for
orthodontists and speech pathologists
is whether there is a relationship bet-
ween dental malocclusions and speech
disorders.

By far the greatest difficulty in this
kindofresearchis to find a cause-effect
relationship between a single dental
anomaly and a particular speech im-
pairment. In fact if on one hand "articu-
latory defects of speech may existeven
though the dental occlusion is normal
and, conversely, dental malocclusions
may existin person with normal speech”
[3] (p. 921), on the otherthe greater the
seriousness of disgnathic defects co-
occurring in the same subject is, the
greater his phonetic handicap willbe [5]
[8]. Thisis the reason why notwithstan-
ding the great number of studies of the
morphological aspects of the different
malocclusions, as for instance vertical,
anteroposteriorandtransversal relation
ship of the jawbones, interincisal
occlusion, overjet, openbite, spacing
and crowding of the incisors, the lack of

dental elements, the results have often
been contlicting [1]{7] (2] [9] [6] {10] [4].

The aim of this research is to verify
whether there is a close relationship
between dental malocclusions and
speech disorders.

Before facing this problem, we should
draw some considerations. If dental
malocclusions can be easily tested and
then classified, the defect of speech is
more difficult to identify. It can be reco-
gnized only perceptively. In fact the
listener is the only one who can say
whether a soundis similarto or different
from a normal sound. His judgement,
however, cannot go beyond a personal
opinion which can be neither quantified
nor experimentally verified, thus origi-
nating vague and often inaccurate clas-
sifications.

First of all we should say that two
different auditory impressions must be
the result of two different acoustic si-
gnals. However, the opposite is not
always true, as two different acoustic
signals, generated by different articula-
tory mechanisms, do not necessarily
generate two different auditory impres-
sions. This happens because each
speech sound is a complex acoustic
signal of which some components are
vital, whereas some others, being
redundant, can have various characte-
ristics or even lack completely. Suffice
it to say that compensatory articulatory
movements are able to produce a sound
which is perceptively accepted as nor-
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mal.

At the light of what has up to now
been said, it is possible to identify a
speech sound as faulty only on the
basis of the acoustic analysis of the
signal. If we skip this step, observing
directly the articulatory movements, at
the most we will be able, thanks to
sophisticate technologies, to recon-
struct point by point the mechanism of
the individual parts of the speech appa-
ratus, but we will not be able to establish
for certain whether such an articulatory
mechanism affects the distinctive or
the redundant components of the si-
gnal. Furthermore it must be borne in
mind that the techniques employed
nowadays can cause an emotional
stress to the speaker that affects
negatively the spontaneity of the
utterance. This happens because they
may be either tissue invasive owing to
theattachment of lead pellets, of artificial
palates, of electrodes and so on, or
biologically unsafe because of radia-
tion exposure.

2. METHOD

From the foregoing, it seems to us
that we should start from the acoustic
analysis of the signal, which allows to
identify faulty sounds as well as to infer
the incorrect articulatory movements
that produced them. Many are the pos-
sibilities given by this method of analy-
sis. In fact on a broad band spectro-
gram it is possible to deduce the beha-
viour of the vocal folds from the number
and periodicity of the vertical striations
and, consequently, to notice the pre-
sence of possible anomalies of the glot-
tal pulse. Shiftings on the y-axis of the
formants reflect the movements of the
articulators and the shapes assumed
bythe supralaryngeal cavities. Formant
frequencies are broad bands of energy
represented on the spectrogram by
clearly marked darkness areas. Accor-
ding to the different contextual situa-

tions, every speech sound has a parti-
cular formant pattern : any modification
reflects an anomalous posture of articu-
lators involving a change in place and
manner of articulation. Nasality is re-
presented on the spectrogram by aloss
of energy expecially at the level of the
second formant as well as in appearan-
ceofone ortwo extraformantsinthe low
region of frequencies. So the spectro-
graphic analysis allows us to say
whether an oral articulation has been
realized with an incomplete closure of
the velopharyngeal port.

3. MATERIAL

A list of about one hundred meaning-
ful ltalian words has been prepared,
where dental articulations[tdszrlints
dz ] occurred in all phonological con-
texts. Also bilabials [ p b m ], labioden-
tals[fv], palatals[f§ & £p]andvelars
[ k g ] have been considered.

The list has been read in a silent
room by thirty six speakers differently
aged(7-9,12-14, 17-19years) selected
by a clinical test from a total of 228
students. Nine of them were normoc-
cluded subjects and twenty seven
represented of the different classes of
malocclusion (Class |, Ciass Il, Class
). A structured questionnaire was
used to obtain information about age,
history of previous speech therapy and
orthodontic therapy. All selected
subjects had notreceived any treatment
and all of them had normal hearing.

For this research a Nagra IV S recor-
der, a DSP Sona-Graph 5500 Kay and
a computer HP Vectra have been
employed. Of each wordthe broad band
spectrogram (from 0 to 8 KHz) and the
tracings of Fo, intensity and waveform
have been obtained.

4. RESULTS

Subjects without any anomaly have
been found in all categories. Table |
summarizes the speech anomalies of

255



TABLE I. Types of articulatory disorders in speech acoustically diagnosed

among normoccluded and maloccluded subjects.

SOUNDS |]worMoccrupEDd MALOCCLUDED S UBJECTS
SUBJECTS
CLASBSS IjcrAass
df‘:‘l‘][ a‘op — - IXJCLASS 18 8
3 x fricative fricatd fricati
ve ve
dental fricative palatal =Titieste
-
ts) fz) palatal invesdcoin!
terdent
dental erill Thisisd
() lateral trill fricative f
dental lateral 1 1 setreflex ronee
[1 ateral trill lateral fricative
labiodental
fricative [ v | bilabial stop
palatal affri
Cef1 0 ‘{sc‘lw dental
palatal lateral
ta palatal
velar sto il
[k fricati
l] (o ]P icative fricative r‘}‘f?“"‘
- ricate
oral sounds n:;;lel:cd nasalized
s ech
voiced sounds irregular glotial pest
pulscs

pormoccluded and maloccluded sub-
jects. As we can see, mostanomalies
occur with dental articulations, but
anomalies in velar stops, nasality and
glottgl pulses have been also noticed.

Figs. 1 - 4 show the spectrograms
relative to the voices of normoccluded
and maloccluded subjects.

'The spectrogram of the word sodo
.(Fag. 1) uttered by a nornoccluded sub-
ject points out two different anomalies,
regarding the fricative [ s ] and the stop
[d]. The first one has a dental place of
articulation because of a very strong

signal starting from 6 kHz. In fact the
acoustical signal of a dental fricative
shpws the highest frequencies and in
this case we can see that the signal is
cut at the upper edge of the spectro-
gram. in the meantime we can notice
the presence of a strong signal bet-
ween 3.5 KHz and 4.5 KHz due to a
narrowing of the channel at the hard
palate. So we can conclude thatitis a
palatalized dental fricative. As far as
?he stop is concerned we can say thatit
is a retroflex, because of an abrupt
falling down of F3 and F4 of the adja-

1”-1-.

word sodo

word studio
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Fig. 3. Spectrogram of the
word avviso

.

Fig. 4. Spectrogram of the word foglia

cent vowels.

The spectrogram of the word studio
(Fig. 2) uttered by a Class | matocclu-
ded subject shows two anomalies,one
relative to [ s ] having the same charac-
teristics already seen in Fig. 1 and the
other concerning the whole word, which
iscompletely nasalized, asthe presen-
ceofanextraformantat2.5 KHzshows.

The spectrogram of the word awviso
(Fig. 3) uttered by a Class i malocclu-
ded subject, shows that [ v] has been
uttered as a stop (absence of signal
followed by burst of noise), bilabial
because of the F2 deviations of the
adjacent vowels and voiced because
ofthe periodical striations. Furthermore
[ s ] shows in addition of the fricative
signal, a whistled pure tone at about

. 45KHz.

In the spectrogram of the word foglia
(Fig. 4) uttered by a Class 111 malocclu-
ded subject, both the absence of signal
and F2 deviations show that [ £ ] is
uttered as a voiced palatai stop [ 1 ].

5. CONCLUSIONS

The data gathered in this experimen-
tal research point out that a direct rela-
tionship between different classes of
malocclusions and speech errors does
not exist. In fact the same speech
sounds can give rise to different kinds

of errors, aside from the kind of dental
occlusion of the subject. [ s ] for instan-
ce is realized as palatal by a normoc-
cluded subject, as either labiodental or
whistled fricative by two Class Il maloc-
cluded subjects. Dental trill [ ] is reali-
zed as a lateral trill by a normocciuded
subject, as either fricative or retroflex
trill, by two Class Ii maloccluded sub-
jects.

As regards the different kinds of
speech errors our results seem to
suggest that fricatives tend to be reali-
zed atanomalous places of articulation;
stopstendtobe realized as affricates or
fricatives; laterals and trills tend to be
realized as fricatives. Moreover we have
to say that the speaker's sex and age
do not have any infuence on the occur-
rence of the different kinds of speech
errors.
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