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Sound spectrographic (so-c:illetl sonugraphic) studies using 
modern sound analysers are extremely rare in dentistry. Kmiws  
(51, however, in 1957 carried out such studies, examining by 
sound spectrography the pn1:it:rl pressures o f  the tongue in phone- 
tics, and the effect on speech of the normal, increased or lowered 
vertical dimension of dentures :inti of the edentulous oral cavity. 
When he made a gross coinparison of the relative peaks in the 
frequency spectra, he noted no differences arising froin the dif- 
ferent vertical dimensions. The absence of dentures, however, 
reduced the distribution of relative :iinplitude, p;irticularly in the 
higher frequency hands, and the correct vertical tiinlension re- 
sulted in greater intensity in the higher frequency hands. h i r e s  
concluded that ”sound spectrographic methods in  speech analysis 
warrant further study”. 

Palatographic studies had heen used earlier in dentistry, (ti, 9 )  
e.y. by Reichenbach (1 1 ). The phoLopa1;itograpliic method de- 
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\.eloped hy Antlion!j ( 1 ),  however, has not yet been npplietl to  
m a n y  clent:il studies (4, 2 2 ) .  

The purpo\e of the pre\enl work  is L o  sltitly, by the soii:i- 
graphic and i)}i(itop:il:itogr:i~liic Inethods, the  ch:inSes in speech 
caused by f u l l  dentures, 1i:ilf dentures and the edentulouc or211 
c:ivity, :ind the p:irt they play in speech. The chosen objects of 
study were t he  dental  sounds ( r ,  s, t ,  1, n )  which :)re irnp~)rt:int 
i 11 (1 en  t i s t r y beta u se in p r on( )u ricin g the  in the  ton g u e to 11 cli e s, 
differently for each of these different sounds, the p;ilntnl sur- 
faces of the teeth and the gingiva at the lxrcli of the teeth, :tiid 

the alveolnr process ( 8 ,  21) .  It is unlikely that a \iniilar study 
has been :itteiiipted before. 

AUNT: m i w j  .\Nr) .n irri  s o v i ~ h v ~  

1 .  R.M. 52 years 
2.  J . E .  54 >> 
3. J.V. 58 N 
4. A.L. 59 >> 
5. J.M. 74 >> 

~ 1 A T ~ l ~ I A I ~  

The investigation series consisted of 10 patients with full tlen- 
tures, d r a w n  between 1951) and 1961 from among the  full den- 
Lure p t i e n t s  o f  the  Prosthetic 1)eiiartment of the Institute 0 1  
Dentistry, University ol' Helsinki. The conslrtiction phases o f  :ill 
lhe dentures were checked and  the  dentures fin:illy :iccepLetl f o r  
i ise.  One 0 1  the patients (Case 10) w i s  heing priv:itely treated. 
"'he denture ~n:iterials were acrylics: the  Ieeth werc porcelain o r  
ac ry 1 ic. 

6. 1C.R. 27 years 
7. A-L.J. 33 >> 
8. A.L. 33 D 
9. H.A. 63 >> 

10. 1 . 0 .  79 D 

I Case No. Male 1 Case No. Female 
I I I 

The mean age of the esperinie1it:il subjects w a s  53.2 years. The 
youngest, 27 years of age, :in(] t he  oldest, 7 9  years, were women. 
The  1iie:in age of the  wonien was 47 :ind tha t  o f  the  inen 59.4 
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years. A s  :I rule, women get dentures earlier than men, ant1 the 
:rge distribiition of the 1)resent sul)+jects does not therel'0i-e differ 
from the norin:iI, iilthough the selection of p:itients for the present 
study \V:IS made : I I  r:indorn, reg:irtllvss of age 

Table 11. 
l 'ypr~s fl17d ow[irs iort  r ) /  d e n f i i r e s .  

Dentures 

Male 
1. R.M. 
2. J.E. 

3. J.V.  
4. A.L. 
5. J.M. 

Female 

6. K.R.  

7. A.L. 
8. A-L.J. 
9. H.A. 

10. 1.0. 

14/14 
14/14 

12/12 

12/12 

10/12 

12/12 
12/12 

14/14 

14/14 

14/14 

Type of Occlusion 

Ordinary 
Edge-to-edge bite of front teeth Congenital 
Crossbite of moiar teeth 
Ordinary, but crossbite of molar teeth 
Ordinary 
Ordinary 

} progenia 

Edge-to-edge bite of front teeth 
Crossbite of molar teeth 
Ordinary 
Ordinary 
Edge-to-edge bite of front teeth\ Congenital 
Crossbite of molar teeth (progenia 
Ordinary 

Congenital ] progenia 

70 per cent o f  the pro\these\ \\'ere ordinary fu l l  tlentures while 
30 per cent were full dentures of the incisal edge-to-edge hite and 
lateral crossbite type. l'he number oT teeth varied, but  only hall 
of the dentures h;id the u \ t i : i 1  nuinher of' teeth, 11/11. In 1 case5 
the total number of teeth w : i %  reduced to 12/12 lor prosthetic ant1 

:in:itolnic:il re:i\on\ by oiriitting the \econtl mo1:irs. C:i\e 6 ( 1i .H.  ) ,  

with congenit;il progenia, represents the 1ie:ivily reduced type 
10/12, the second bicuspid also being oinitted froni the ninxil- 
1:iry denture. This case was also :iii:itolnically different from 
the other \ ;  the 111~ixiI1ary al\w)l:ir processe5 mere very wide, w i n e  
1 3  rriiii in the c:tniue region :ind lli--15 inin :it the ~ n o l a r  teeth, 
with the result that  the pnl:ite looked like ;I high ant1 fairly nar- 
r o w  gully, starting in ;I steep curve a t  the canine :ind the I'irst 
preinolur teeth. This particular denture had very low teeth, 
though the teeth of rn:iny other dentures mere ;tlso lo\v and rose 
only 1-2 Inn1 froni the 1):rse plate, p:irticularly on the p:il:it:il 
side. 
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Toble 111. 
Wetrring of drntrirrs .  

Case 

1. R.M. 

2. J.E. 
3. J.V. 
4. A.L. 

5.  J.M. 
6 .  K.R. 
7 .  A-L.J. 

8. A.L. 

9. 1I.A. 

10. 1 .0 .  

Dentures worn 
previously 

4 yrs., partial den- 
ture 
some 12-13 yrs. 
nil 
some 5 yrs., partial 
dentures (IZjlO) 

nil 
nil 
nil 

nil (14/14 denture 
7 yrs. ago but wore 
i t  for 1 month only) 
sotne 10 yrs., partial 
dentures (14/9) 
some 10 yrs., partial 
dentures 

Edentulous period 
prior to new den- 

tures 

4 months 

- 

3 months 
6 x (without 
mandibular front 
teeth) 
5 months 
6 1) 

over 5 months 

7 years 

New dentures 
worn prior to 

sound recording 

1 day 

3 days 
15 >> 
18 >> 

3 >> 
14 >> 
(I) 3 days 

(11) 2 months 
4 days 

2 years 

4 >> 

As i s  evident from Table 111, 1i: i l f  of  the p:itients were former 
tle~iture-\\,e:irers \vhile lhe other half had never worn dentures 
before. 'l'\vo (C:iseh 2 :tnd 10, aged 54 and 7 9  years) ,  1i:id previ- 
ously worn fu l l  dentures lor long  periods. Case 10, [he  private 
p t i e n t ,  grntlual ly :ippro;iched fu l l  dentures Lhrough p:irti:il tlen- 
tures, withotit erleiitulous interviils. Haif the Ixitients were etlen- 
tulous for 4- 7 months before they received their full dentures. 
Teeth were iisii;illy e\lr:ictetl in one university term : i d  the 
prosthetic treatment star led in  the ne\t. Chse 8, aged 33, h x l  
been etlentulous f'or 7 years, since she h:id w o r n  the clenliires 
ni:ide lor her 7 ye:irs earlier f'or one month only. No i~rirtierli:ite 
dentiires proper :ire included in the present series. 

Sound recordings with lhe test denlures took p1:ice ;I lew days 
or  weeks :ifter the dentures had been I'ittetl. The period of habitu- 
ation ranged in 8 c: i se~  fro in  1 to 18 days. A re-recording was 
in:ide in wnie cases after 2 months. In  two c:ises recordings were 
only in:ide after a longer period, 2 :ind 4 years, during which 
the dentures had been constantly worn. 
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COURSE OF IN\'EST I GAT1 ON 

1. Length, circumference, width and height measurements were 
taken of the edentulous jaws and of the f u l l  dentures. 
11. Using photopalatogl-:ipliy, 65 p 1 : i  togr:tms were made for the 
six patients. Each patient pronounced, one word 31 a time, first 
with and then without dentures, tlie words of the sentence given 
below. Contact traces of the painted tongue on the teeth and the 
palate were then photographed by means of 21 mirror the width 
of the palate, inside the mouth. The "paint" employed was :I mix- 
ture of powdered carbon :tnd coco:i. 
Ill.  A magnetophone recording was mntle of each patient in 4 tlif- 
fwent  ph:ises: 1 )  edentulous, 2 ) wearing full dentures, 3)  wearing 
.mly tlie niaxil1:iry denture, 4 )  wearing only the mandibu1:ir 
denture. The same test sentence w:ts pronounced by the patient 
3 consecutive tinies in all 1 recordings, viz. "K :I :I r r ;I O t t o, 
:I n n :I o 1 1 :I in :I :I s s a" (Turn out, Otto, leave it on the 
ground). To begin with, 80 time-frequency sonagrains were made 
from the rn:rgnetophone recordings :it the Institute of Phonetics, 
University of Helsinki. Subsequently, 200 sections of rnornentnnic 
frequency spectra were made from these sections, that is to say 
four section$ per phoneme of the person tested. These 4 sections 
represented the :ibove-mentionetl 4 tlenture-wearing phases. 

I. Measurements 

The nnatomic:il basis is, apart from other considerations, im- 
port:rnt for speech (16, 1 7 ,  18, 19) .  Me:isurenients were taken of 
the etlentulous jaws and of the corresponding dentures. Arch 
lengths ant1 circumferences, widths and heights were measured 
on plaster casts. The same person took the nieasureiiients twice, 
first with ordinary dividers, then with a slide rule, froin which 
direct readings were obtained. Where differences were noted 
(maximuin discrepancy 1-25 mni) ,  the results were checked 
once more by nie:rns of  the slide rule. Heights and circuinferences 
were measured by one of the authors aided by a technical as-  

sistant. Circumferences were measured with the aid of fairly 
thick, transparent celluloid tape. 

Only the arch width w:is measured from the edentulous ninndi- 
bleu. No other nie:isurenients were laken since the necessary 
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tlern:trc:ttions :ind 1:tndni:irks :ire tlif'I'icu11 to tielermine precisely 
on phster  c:ists. 

'The areit o f  dispersion entered in the tables was obtained by 
c:tlcul:iting the difference between the highest and the lowest 
ine:\surement wlues .  

AUNIS Y i , w i i  S X I I  ANI'L'I sovi,~ X I W I  

Edentulous 
maxilla 

Distance to line 
onnerting tubers 

_- 

d r c l i  l e l r y t h  
Me:i s urcd 

'I'lie t1isl;ince Iiel\veen the 1:tI)i:tl tangent of' the 1iietli:tl incisors 
and a line connecting the distal suriaces of' the rnosl poslerior 
teeth ot' the prosthesis. (1)isl:ince to I'irsl molars = 1 MhI, to 
second ~ i i o l a r s  = I I  M M ) .  

In IJTfJS/heSis: 

Mandibular 
prosthesis 
Distance 

I MM 11 MM 

I n  rdrrrtiiloiis nrec.rillti: 

The distance between the 1:ihial surfaces o f  the crest iopposite the 
incisive p:ipilla) :in11 :I line connecting [he tlislal surl':tces o f  thc 
itiaxiI1:iry tubers. 

Table IV. 
I) i f ferr i iw irr ilrr Ien!lllr b e i i n r e n  t h e  etleriluloiis nier.rill(c c i l r d  Ih?  

nicisilltcry proslhrsis  I t~os ler ior  t ee th  1. 

Case 

~ 

R.M. 14/14 
d.E. 14/14 
J.V. 12/12 
A.L. 14/14 
J.M. 12/12 
K.K*) l0 /12  
A.L. 14/14, 
A-L..T. 12/12 
H.A. 12/12 
1.0.  14/14 

Maxillary 
prosthesis 
Distanre 

I M M  I I M M  

33 mm 41.5mr 
31.5 39.5 
36.5 << - c 
30 << 40 
33 (< - << 
28 - 

30 38 << 
33.5 a - << 
34 << - << 
35 << 42.5 << 

~~ 

I 

Area of dispersion: 8.5 mm 4.5 mr 

Diffe- 
renrr 

4 mm 
10.5 << 
16 << 

8 
9 << 

20 << 
6 << 

16.5 << 
11 << 
4 << 

16 mm 

1 In this reduced crossbite maxillary full de 
icuspid a i d  m e  molar on each side. 

45.5 mm 
50 << 
52.5 u 
48 a 
42 << 
48 << 
a4 << 
50 << 
45 << 
46.5 r( 

10.5 Inn1 1 5 m m  6m1r 

ure ( l0j lZ)  K.R. has only oue 

C i r c i i m  f c r c n c e  

Measured 

'The 1)iiceo-I:thi:tl circumf'erence of the t1ent:tl :trch u p  to the 
tangent of' the d i sh1  surface of the posterior tooth. 

I n  prosthesis: 



Case 

R.M. 14/14 
J.E. 14/14 
J.V. 12/12 
A.L. 14/14 
J.M. 12/12 

K.R. 10/12 
A.L. 14/14 

H.A. 12/12 
1 . 0 .  14/14 

A-L.J. 12/12 

4rea of dispersion : 

~ 

Maxillary 
prosthesis 

36 mm 

Difference 

36 mm 

~~ ~ 

Edentulous 
maxilla 

14 mm 

~~ ~ 

Mandibular 
prosthesis 

29.5 mm 

Some dispersion in arch length :ind circnniference is visible, 
:tnd is :iltrihti&:iHe, to ;I minor extent, to the different dimensions 
of the prosthetic teeth, especially to  the variation in the nunilier 
of leeth. Case t i  ( K . H . )  is :I special case 10il2, with only 1 0  teeth 
in the in:isill:try denture. For this reason the difference hetween 
the arch lengths of the erlenttilous rn:isill:i and the corresponding 
prosthetic teeth is l h e  greatest, 20 inni, with :in empty sp;ice left 
on the denture 1;ehind the riiolar teeth. The siii:illest difference is 
4 rnni, and the area of dispersion is thus 16 m i i i  ( ' h h l e  I \ ' ) .  The 
con si t i  era 1i le tli f'ference i n  c ircurn fe r ence of the e rle n 1 ulou s ni:i s- 
i l l : t  (;ire:i of tiispersion 14 nim)  and the niaxii1:iry tientiire (:tre:i 
of dispersion 36 i n n 1  ; the difference of these dispersion :ire:is is  
thus 22 n i i n )  is :ilso the result of lhis f:ictor. In  Case t i  the dif- 
ference is : i s  much :is 42 inin ('l':tble V ) .  'I'he dispersion is greiitest 
in the mnsillnry dentures, while the number of teeth w r i e s  from 
10 to 11.  'I'he area of  dispersion of the circumference of the 
ninntlibular dentures is  slightly sni:iller (29.5 i n ~ n  1, :tnd the dif- 
ference is  6.5 min. 'I'here is also less wriut ion in the numlier of  
ni:iniIil)tihr teeth (12-141. 
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Case 

&le:isu red 

I J I  p r o s f h r s i s :  

( 1  ) The inter-canine distance ( 3  to 3)  ( a )  from the t ip o f  the 
crown to  the ;inlimere :ind ( 1 ) )  from the p:ilat:il gingi\ul margin 
to the :intiinere, 

( 2 )  The inler-moln r dist:ince (t i  to B )  (:I)  from the niesio-p:il:i La1 
cusp to the antiinere and (1))  from ilie pal:itd gingival ni:rrgin 
to the antiniere. 

Maxillary prosthesis 

TabIe VI. 

d r c h it) i t l  f I I  

Prostheses 
Distance between , 

b) a) crown ging.-pal. tips (ling.)J of canines, first molars 
3-3 6-6 margin 

R.M. 

J.E. 

3.v. 

A.L. 

J.M. 

K.R. 

A.L. 

A-L.J. 

I1.A. 

1.0.  

3-3 
a) 33 
b) 30 
a) 36 
b) 33 
a) 33 
b) 30 
a)  32 
b) 28 
a) 34 
b) 32 

a)  34 
b) 30 
a) 32 
b) 30 
a) 35 
b) 30.5 
a)  34 

a )  35 I b) 28 

a) 4 mm Area of dispersion: 

6-6 
38.5 
34 
43 
40 
38 
34 
40 
37 
44 
40 

34 
31 
37 
33 
42 
38 
38.5 
38 
42 
37 

a )  10 mm 
b) 9 mm 

Mandibular prosthesis 

3-3 
a )  23.5 

a)  26 
b) 24 
a)  28 
b) 24 
a) 25 
b) 20 
a)  28 
b) 24.5 

a)  25 
b) 22 
a)  24 
b) 22.5 
a)  24.5 
b) 2 1  
a)  26.5 
h) 27 
a)  29 
b) 25 

b) 21.5 

a)  5.5 nim 
b) 5 mm 

6-6 
34 
31 
43 
42 
41 
40.5 
36 
35 
40 
37.5 

36 
39 
33 
31 
41 
38.5 
40 
40 
38 
35.5 

a)  10 mm 
b) 11 mm 



Case 

32 
33 
34 
34 
34 

R.M. 
J.E. 
J.V. 
A.L. 
J.M. 

K.R. 
A.L. 
A-L.J. 
H.A. 
1.0. 

44 
44 
45 
45 
45 

Area of dispersion: 

30 
26 
27 
32 
27 

Table VII. 

A r c h  w i d t h  
Edentiiloirs j m i s .  

47 
42 
48  
54 
47 

Edentulous maxilla 

32 (8 mm inside) 40 (16 mm inside) 
31 1 42 
32 47 
31 
34 

I 7 m m  
3 rnm 

identulous mandiblc 

34 g; I 

In etlenirrloris j i i i i i s :  

( 1 )  The inter-canine ( 3  to 3 )  and 

alveoli from the :ilveol:ir ridge to the antimere. 

The points were determined 1)y bilateral nie:isurement on the 
dentures, by the divitlerr, the distance hetween the central point 
of the niedi:il incisors and the distal surfnces o f  the  prosthetic 
teeth in question. The measured distances were transferred onto 
the ridge o f  the etlentulous plaster cast, using the incisive pnpi1l:i 
a s  the centre. 

2 )  the inter-rnol:ir (6 to 6 )  distances between the estinixted 

(;:mines, second bicuspids and second niol:rrs ;ire usually taken 
a s  the points for rne:rsiiring the arch width ( 7 ,  1 0 ) .  In the present 
work, we used canines ant1 first niol;irs, omitting bicuspid nie:is- 
urements since the distance between the firbt bicuspids :ip- 

proaches the inter-canine distance. The distances hetween second 
bicuspids and between first niolnrs, however, did not in  the pre- 
sent innterinl differ greatly from each other either. First  1iiol:irs 
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had necessarily to  he taken :IS the points of iiieasureiiient since 
in 40 per  cent o f  the dentures the second t i io lar  is excluded : i d  

the first niolar is the kist tooth i n  the denture. 
In both dentures, the intercinine widths :ire roughly equal and 

the dispersion a rea  is siii:ill. For ni;isill:rry dentures it is  only 
4-5 i i i ~ i i  :in[] lor rii:rntlibtil:ir rlentores 5.5-5 inni ( the  figure lor  
Ilie edenlulotis in:ixiIl:i is 3 inin, and for the etlentulous mnntlil)le 
X mm). ;It the i i iohrs  the tlispersion area is :ilre:itlg grealer: lor  
rn:isill:iry dentures 10-9 niii i  :inti for 1n:indiI)iilar dentures 10- 
11 inm. The corresponding f'igures lor. erlentulous j : t w  ;ire 7 and 
12 111111. 

\\'hen the men and women o f  the series :ire c.oinp:ired, it is 
seen that  the niasiiiiiim :ind inininiuni c:inine widths for wornen 
;ire 1 I I ~ I I I  srn;iller th:m those for men. Similarly, the wid111 o f  the 
feinule prostthetic arch :it the iiiolnrs is 1-3 i i i i i i  less than  that 
of the inale. The arch o f  the iii:ixiIl:iry dentures o f  ~votiieii, there- 
fore, is slightly n:irrower than tha t  o f  nien. 

I f  Ihe arch widths of' m:ixill;iry anti iii;in(iil)tilar dentures :ire 
coinp:irerl, i t  is found that the inanrli1)ular dentures  o f  : i l l  the 
lxitients, iiinle and feiriale, are, on :in average, (i inin n:irrower 
:it the c:inines ( 8  I n n i  in terms o f  crown lip distance) th:in the 
ni:ixill:iry dentures. At the iiiol:irs, the ratio is  reversetl in 1 cases: 
In the three cases with congenital progenia ( ( h s e s  2, t i ,  9 )  hoth 
the inter-cusp and the gingival niolar widths are foiintl l o  esceed 
those o f  the niaxilhry tientares (ni:ixirniini 3 i i i i i i  and X ~ n m ,  
respectively). In C a s e  3 the inol:ir :ii.ch width o f  the n ~ ~ i n ~ l i l ~ i ~ l ~ i r  
denture is pro1):il)Iy a result of the lingual al\wl:tr  resorption, 
typic:il o l  the ni:indil)le, which 1e:itls lo ;I 1n:indil)iiI:tr ;irch wider 
than the iri:ixill:iry :irch, which may in turn lie n:irro\vctl 1)y the 
resorption o f  1)uccal alveoli. 'I'he result is :i crossbite of the 1;iter:iI 
teelh, :IS in this case. 

Dentures did not differ in width except in 1nol;ir width, :ind it 
seeins, therefore, that  no p e n t  changes occur in the  anterior arc11 
or canine areas of  the iii:isill:iry and tii:indibiil:ir dentures in  these 
c:ise:s. \':iri;itions in the width of the c:inine : i i w  of the etlentulous 
jaw h:iw Iieen stii1:tI)ly levelled out in the dentures;  progeni:i, 
for ex:itiiple, h:is h e n  converted into edge-to-edge bite in the 
incisor :ind canine are:rs. In :ill cases the arch o f  the fronlal teeth 
w a s  ordinary (roundish) in s h p e .  
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In pros theh i s :  

A t  two points: 
( 1 )  the distance froiu the pl:ine connecting the occlus:il surfaces 
of the first molars, at right angles, to the palatal centre (6 to 6 ) ,  
( 2 )  the (1ist:rnce froin the line connecting the distal occlusnl 
margin of the canines :it right angles to  the corresponding centre 
o f  the p:il:tte (:tlveolar hentl, 3 to  3 ) .  

In et l r i i t i i lo i rs  j ( i i i i s .  

The relevant points were tleterniined 1 y  marking the p h c e s  of 
the csinines :inti tirsl niol:trs, me:t sured bil;iterally froin the 
prostheses, on the :tlveol:ir ridge by means o f  dividers :ind with 
the incisive papil la a s  the ceiitr;tl poinl. 

Case 

1. R.M. 
2. J.E. 
3. H.V. 
4. A.L. 
5. J.M. 
6. K.R. 
7 .  A.L. 
8 .  A-L.J. 
9. H.A. 

10. I.O.*) 

Area of dispersion : 

Maxillary 
prosthesis Difference 

13 mm 
19-6)  

6 m m  I 6 m m  1 10mm 
21-15) (7 -1 )  ( 1 1 L l )  

Maximum and minimum measurement values given in brackets 

*) Torus platinus. 

19 ~- i l C I f l  O t l o n t .  S C ~ I 1 i t l .  1'01. eo 

Edentulous 
maxilla 

7 mm 
(12-5) 

6 -6  

10 mm 
12 >> 
14 >) 
I2 )) 

12 >> 
20 )) 

12 >> 
14 n 
12 >> 
10 >> 

10 mm 
120- 10) 
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11 rn:iy he seen lroni  T~ible  VIlI thnt the wiriations i n  arch 
height in the canine :ire:i :ire quite consitler:ible. 'The area of' 
dispersion is 13 I I I I I ~ .  In  the etlentuloiis n1:ixilla this are:i ol' dis- 
persion is only 7 iiini. 

The  mean arch height of' the canine area on lhe prostheses is 
9 . 7  nirn and in the etlcntulotis n1;ixiIl:i 6.9  111111. 

T h e  mean :ircIi height o f  the Inolxr :ire:\ on lhe prostheses is  
19.2 mm, anti in  the edenttilotis maxilla 12.8 111111. 

Vari:itions in the arch height of [he n1ol:ir :ire:i in the pros- 
theses :ire not great, the area of  dispersion heing only 6 111111. In 
the edentulous m;ixiil:i the :ires of' dispersion is 10 mni. 

The  height values o f  the edentuloiis niaxi lh  :ire :iff'ectecl by the 
individual structural  differences between patients, their  ages, 
and the varying degree of resorption of the  alveo1:ir processes, 
which h:is been levelled out  i n  the denttires. One patient (Case 
10) hiis :I I'airly wide torus p:il:itinus, and this tends to reduce 
the height ol' the palnle, especi:illy in the rnol:ir region. 

11. Results obtained by photopalatography 

'The photo~):il:itogr~tphic ;ipp:ir;i tus and the mirror  of' the s m i e  
width :is the p:il:tte were fitted in the p t i e n t ' s  mouth for  photo- 
graphy. 'The patients'  1ie:ids were placed in identical positions, as 
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judged 1)y the 1i:iketl eye, for e:ich indivitliial pliotogr:iph, so th:iL 
the straight part  of the hnrd pnlute was :ilways horizontal. Ac- 
ciinicy sufficient for the  present purpose can he ;isstired even 
without a firm fixation of the he:id (Figs. 1-2). 

P1iolop:ilato~r:irns were taken in this m:iy ol‘ 3 ni:ile and  3 
t‘ernnle si11)Jects (J.V., L4.1A,, R . M . ,  A-I,..J., H A . ,  and K . H . 1 .  
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Fig. 1. 1’iil;itogranr of I sound. \\’e;iring only maxillnry denture. Case A .  I,. 

Fig. 5.  1’:ilatogram of t sound. I<tlc~nlulous. Case A.  I,. 

Of‘ the men, .J.V. had a rel:ttively high, and A.IA.  and H.M. a 
medium high, 1ii:isiIl:iry :irch, though the :rrc.hes were of’ ordinary 
width in a l l .  A coinperison of  palatograins iunde without the den- 
tures :tnd with t he  dentures in  plwe showed th:rt the cont:Ict sur- 
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Fig. 6. Palatogram of I I  sound. n’earing full  denture. Case A. L. 

Fig. 7. Palatogram of n sound. \I’earing only iiiaxillary denture. Case A. I,. 

face areas only varier in the Litter two cases, i . ~ .  in those with the 
iiiediuiii high maxillary arches. A s  :i rule, the contact areas were 
smaller when speech was produced without dentures than with 
them, especially for the sounds t and n. The reverse may be true 
with the sound 1. (See the p;ilatogr:ims lor these 3 dental sounds 
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Fig. 9. Palatograni of 1 sound. Wearing oiily maxil lary t tcnturc. Case A.  L. 

for ( h s e  A.l, . ,  : I \  well :is those obtained in this cast witti only the 
innxillary denture in pl:ice, Figs. :1-5, 6 8, and $1-1 1 ).  A.1,. 
pronounced his I without dentures using :in eaeeption:illy h r g e  
contact siir1:ice ol’ the 1runt  01 llie p:ilate, since for him this WIS 
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Fig. 1 0 .  I’a1atogr:im of I sound. N’earing full t lcntuw. Case A .  I,. 

the only possible way of producing sufficiently large lateral chan- 
nels of the tongue for the semi-d:irk Finnish 1 sound. 

The diminution ol‘ contiict surl‘:ires iisually found when there 
is a transition from articul:ition with full dentures to  that  
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Pig. 13. I'rostliescs i n  occlusion. Chse A .  I , .  

with only the ul'per prosthesis and 1iti:iIly 110 prosthesis, 111;iy in 
o u r  view be :itlrihtitetl Lo Ihe I':icl that it is  e:isier ( o r  there is 
more space) l'or the I'ront and sitlcs ol' the tongue lo l o i m i  l h e  
seiiii-circul:ir conhct  stirlaces intlisl)ens:il)le 101- ar1ictit:iLion. In 
these tlill'ercnt tlenLure-\rcnring sl:iges the tlill'erence in the stir- 
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Fig. l,?. I’alntogram of I w u n d  (c:tcumin;tl). \\’caring full  dcnturc. 
C : I \ ~  A-L. J .  

fare :ire:[ o l  longlie cont:icl tr:ices is even greiitcr with ;I low than 
with the ordinary high palate becaiise the m:iss of l h e  tongue 
then has less room lor cienhl sound articulation. 

The sides of the tongue always tend to push into and fill the  
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Fig. 17. Palatograin o f  I’ sound. Etleiitulous. Case A-L.  .J 

v:i c u 11 I ii w 11 ic 11 or i gins t e s he t wee n the 111 ;I Y i 1 I :I ;I n t l  t 11 e I I 1 :i nd i hle 
when the teeth are  nhsent. The result is t k t t  the contact truce of 
the tongue against the palate or  the alevolar process diiiiinishes. 

Fig. 12 shows the p1:ister casts o f  the m i s i l h  and in:indible for 
sul)jecl A.I.., with ant1 without prostheses. ‘I’hc prostheses in 
central occliision :ire shown in Fig. 13. 
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Fig. 18. Palaioglnrii o f  s sound. Etlci~tulous. Case A-I. .  . I .  

Fig. I!). Pale toglam o f  I sound. Eticntulous. Case A-L. d .  

Of  the f‘emale test sul)jects, A-lA..J. has :I hro:id ant1 rel;itively 
high rn:ixill:iry arch. \t7ilh Iiolh dentures in  p1:tce articul. ‘I t‘ ion 
occurs more to the back of‘ the nioulh than usual, 1)ec:tuse of the 
”push-l)ack” position o f  the tongue. Her r sound w a s  post-:ilveol:ir 
(and not norinal iiietlio-:il\.eol:ir), see Fig. 14. Her 1 sound had an  
even c:icuniin:tl position, see Fig. 1 5 .  Like her I’, her s w a s  post- 
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Fig.  21. I'rosthcses iii cciitral occlusion.  C a w  A-I.. -1. 



Fig. 23. Pa1atogr:iln of’ I sound. n’enr ing ful l  denture.  Case H. A .  

that the tongue tip strictiires present in  the sounds J’ ant1 s :ire 
twice as  wide :IS during speech with dentures. They :ire :it the 
same time larger than nornial. The 1 sountl, in dentureless speech, 
was normal (rnetlio-alveol~ir), Figs. 17-1 9. The position ol‘ this 
subject’s front teeth when s:rying s :rnd in central occlusion is 
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Fig. 24. P a l a t o g r a m  of‘ t hound. ltlcntuliius. C a w  I+. A .  

shown in Figs. 20 and 21. l‘he distance hetween the incisors :tnd 
the premolar% tliiring s i \  normil, :it :ipproxini:ttely 1 I I I I I I  

(Fig.  2 0 ) .  
Subject H.A.  represents the type with incis:il edge-to-edge bite 

and I:iter:tl crossbite (F ig .  2 2 ) .  Since her iii:ixill:iry arch is f:iirly 



281 

Fig. 26. P:rlatogrnni o f  11 souiitl. Etlentulous. Case I<. 11. 

Fig. 27. 1:rostIic~ses in s phonntion.  Space hdweeii  incisor edges sornewhiit 
n i t l c r  tli:rn i iormal.  C;rsr I<. 11. 

wide :inti high, she encounters no physio1ogic:il difficulties in the 
foriliation o f  dental sounds either with or without dentures 
(see e.y. the corresponding p:ilntogrniiis of t sound, Figs. 23 and 
2 1 ) .  The congenitnl progenia o f  this lxilient w a ~  in fact replaced 
by edge-to-edge hite of the upper front teeth, which does not 
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reduce longtie sp:ice; on the contrary, i l  provides llie tongue with 
hetter and less limited sixice of moveinent than Lhe progenic ;ir- 
rangeinent ol' f'ronl teeth w o t i l t l  1i:ive tlonc. 

'I'he third female subject, K.R. ,  of \vhoni I)liotol)~il:iLogr:ims 
were taken, represents incisul edge-to-edge bite and crosshite 
:inti, for her p:il:it:il sh:ipe, quite :I narrow ant1 fairly high iii:is- 

illary arch. More 1h:in any other f:icbtor l h e  height and l h e  girlly- 
like shape of the pilute prevent the spre:id o f  the tr:ices for 
rlenl:iI sounds much beyond l h e  1iorni:il width, :ilthough o n  the 
other hand the I'ront :tnd ~iiitldle parts ol' the tongue (lo not easily 
find space inside the exceptio1i:illy narrow, gully-like mixillary 
wch.  1':il:itogrniiis typic:il o f  her :ire those taken for the n sound 
(Figs. 2.5 :incl 2ti), which s h o w  Lh:it the conlac1 surf:ices :ire on 
the :ilveol:ir ridges ant1 do not :ippi*eciably widen tow;irtls the 
centre of the palate. Incisal etlgehite produces :I distinct sepaix- 
tion of the I'ront teeth in the s sound. In Fig. 27 the slxice Iwlween 
the edges of the I'ront teeth is :il)l)i,osiinately 1 112-2 ~ i i n i ,  i.1.. 
soinewh:i I wider t h n  norm:rl. 

111. Sonagraphic measurements 

The American sound-recording spectrograph, called ''sor~t- 
graph" by its producers Kay Electric Co. (Pine 13rook, N.J. 1 ,  was 
invented during the Second World War a n d  introduced in  the 
U.S.A. in  1947 (31, since which time it h:is gained rapid :iccept- 
ance in iiiany p r t s  o f  the world. I t  has now spread to very 
111 any 1) hone tic and medical research institutes . The :I pp;ir:i t 11 s 
w:4s donated to the  Institute o f  Phonetics o f  the University o f  
Helsinki in 1955 113). The duration, tone colour, pitch :ind 
intensity o f  sotrntls can : i l l  he ;in:ilysecl by this equipnienl, where- 
:IS several tlift'erent tlevices were previously required ( 12 ), ant1 
even then the results could not he considered nenrly :IS :iccur:tte 
:IS those that c:in now be obt:iined hy the son:igr:iph. 

'l'he most important piirts ol' this :ipp:iratus are:  1 ) :I re- 
cording cylinder, coveretl hy speci:il p:lper sensilive to electricily, 
( 2 )  : i n  amplifier and the accompanying loudspeaker, ( 3 )  :in 
a~nplilutle t1ispl:iy unit used to regisler intensity curves, (1) a 
pitch displ:iy unit for intonation ciirves, :ind (5  1 :I sectioner by 
which instunhneous sound speclra or sections (intensity-Ire- 
qiiency speclr;i :ire protlucetl (Fig.  2 X ) .  
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Fig. 2H. The sonagra ph ic ii ppa la t us. 

For the purpose of the present study, b:isic sonugrnms were 
first made of e:ich sentence or part of :I sentence ( 3 ) .  ,4 niaxiniuni 
p:issage of‘ 2.4 seconds can be recorded in one basic son:igr:im. 
Fig. 29 shows the varinnt of the test sentence (Kririrrtr, O f f o ,  mnr i  
ollri martssti) :IS spoken hy the Inale patient A.L. ,  with full tlen- 
tures in place. The lower part of the sonagram, with :I dense 
pattern of p:ir;illel, roughly horizontal lines (parti:rl tone lines ),  

shows the tinie-frequency spectrum of the spoken sentence. The 
upper p r t  consists of‘ :in intensity curve which can keep to 
determine the limits o f  the sounds ( 1 3 ,  14) .  

The equipment proved particularly useful in the present study, 
especi:illy in the deterrnin:rtion of the point of release of  the es- 
plosive sounds. The vertical lines o f  the son:igr:im in the picture 
show which moinents o f  the test sentence for the sections have 
been chosen, using the sectioner lever, on the sonagram paper. 

Fig. 30 Y ~ O W S  the sections t:rken from the dental sounds r ,  f, R ,  

I ,  s in the test sentence, :is spoken by the feinale subject ILK. 
with ful l  dentures in place. 

From the sections, and using the combined t1ecil)el and fre- 
quency grading, the formint  :in$ component values in the t:ihles 
(4-1)) charwterizing each sound variant were me:isuretI. The 
intensity dispersion arms, shown in decibels in Tables A-11, may 

20 - Actu  O d o n t .  Scnnd.  T’ol. 20 
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~ o n i e l i n i e ~  lie too narrow a s  the intensity recording range in the 
\on:igr:iph i \  f:iirly narrov~ (4.5 d h ) .  'I'he opt in i : i l  recording range 
for  norin:11 hearing would be circa 20 decibels larger (65 dh 1 ( 3 ) .  
There is :I potenti:il error especinlly when t ~ i e a s ~ ~ r e t i ~ e n t  of  some 
F o r  C v:iltieo for the test sentences WIS iinl)o\sible. 

'Hie :itt:iched 'I'ables A, 13, (1, and 1) hnve been compiled irorn 
the original working t:ihle\ of each test patient by coinbining into 
dispersion :irc:i\ the lowe\t and highe\t  hz-v:ilue\ for the lorinant\ 
ant1 conil)onents o f  the pro\lhetic v:iri:int ( f u l l  dentures, in;i\il- 

1 ;I ry denture, ni a n dib u I :I r dent 11 re, edenl II 1 ou s j :a w s 1 of  e:ich 
sound. It' wine :icoustic structural part  (F or (1) did not occur 
regularly in the me:isured sound wctions of the five innle : i t id  



SONAGRAI’HIC A N D  I’AIATOGI3APHIf: S’I’UDIES 285 

Fig. 30. Sections of  the dental sounds i n  the l e s t  scntence (Spoken with full 
denture i i i  place. Case K. H . )  

five female subjects, the number o f  the nieasurenient vnlues re- 
corded (4- 1 )  W:IS entered in hrnckets after the dispersion area 
va 1 u e s . 

The following list shows l h e  17 and C v:tlues that,  where re- 
quired, have been taken into :tccount in measurements, and the 
:tcotistico-physiologic:11 exp1:in:ition that h:is been given to them 
in the present study. 

Lis t  o/  ctbbreoirtlions 

The rnost important of the :I b 11 r e v i :I t i o n s (14)  used in 
this study of various formants and other phonetic concepts are:  

F1 = pharyngeal forinant, depending mostly on the ph:trynge:rl 
cavity (situated behind the tongue channel). 

FV = formant depending mostly on the velar cavity. (The velar 
cavity is situ:itetl, in certain sounds :rnd sound ph:ises, hetween 
the tongue channel :ind the phnrynge:rl arc11 ch:rnnel) . 

F2 = oral forinant, depending niostly on the oral cavity (situ- 
ated in the front of the tongue channel). 

I’S = subdorsal or preornl formant. (The  channel between the 
incisors forms the front aperture o f  the subdors:tI cavity, the 
hack aperture being forined by the channel helow the alveolar 

20* 
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arch which, however, is  either completely or nearly 
dental consonants). 

A U N R  w,w6 A N D  m r r w  S O V I J ~ ~ W  

F N l  = formant of the epi-hypopli:iryngeal cavity. 
hypop1i:irynge:il cavity, which is formed by the vel 

closed in 

(The  epi- 
- passage 

opening consitlerubly, consists of the hypopharynx, the rneso- 
pharynx and the  epipharynx) ( 1 5 ) .  

FN2 = formant of the epiphrayngeul cavity. 

FN3 inf., FN3 med. and FN3 sup. = forinants o f  the lower (in- 
ferior), middle (medius)  and upper ( superior ) n:is:il p:iss:ige, 
respectively. 

FR = form:inl of the huccal cavity, i.c. 01’ the I:ilernl p:issages 
o 1‘ I -  s o  11 n (1 s. 

171  = forni:int of the veslil~ule of the larynx. 

CA = the noise component of the :rlveol:ir groove. 

CI ( C I  1,  CI 2, CI 3, CI  4 etc. in the order of frequency range) = 

the noise components of the incisors. 

N.B. I23 is only present in vowels, where it is interpreted :IS Ihe 
multiple resonnnce of Fl and/or  F2 ( 2 ) .  

The  nornictl freqrieiices of the  fornirints f ind coniponenls  in t h e  cintilyzed 
llir n e w  sontiqrtrpliic ~ ~ C ( ~ S I I I . C I I ~ C ~ ~ S  coiisontints r ,  s, t ,  I tirid n cicrordii iy 

b~ Sooi j i i ru i .  

The fol lowing formant table gives the results of annlgsis  regal-diug f ive 
dental consouatits ( i n  connection w i t h  the wovel ( 1 )  of  general Finnisli spoken 
by two ( 2 )  men. 

for1nn Ilt s 
or components  r F t 1 n 
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Table B. ,Ifen. The tcthultrted cintrlyses of the test suhjerts’ soiind sections. 
The direction of the arrows indicates the rise (pointing right) or fall (pointing left) of the formant area, as compared wit11 

full dentures. 

t 

- 

Full dentures 14/14 

F1 

€2 

FS 

c A 

CI 1 

CI2 

CI 3 

c.14 

F 1’ 

300- 500 

ioon-mo 
1650-220(1 

2400-3150 

3150-4200 

3850-4950 

1500-61 00 

6>00-i300 

600- 900 

db 

11--38 

(1) 3-19 

(1) 5-11 

12--30 

17-23 

(3) 10-23 

(3) fi-21 

(2) 14-13 

12-23 

rpper denture 14: 

112 

2.50- 350 

950-11.50 
t- 

1500-1 850 

2200-2950 

2900-39.50 

t- t- 

f- c- 

t- e- 
3 i o 0-45 o o t- c- 
4450-.5500 

c- 
- 

500- 700 
c- t- 

db 

1 1 --24 

(4) 15-18 

(3) 6--18 

(4) 8-15 

(1) 10-23 

(3) 10-21 

(3) 7--13 

- 

9-32 

Lower denture -/14 

hz 

300- 500 
900-1450 

153-1850 

2450-3050 

3 0.5 0-3 9 .i 0 

3500-1i00 

4600-3400 

iO30-7450 

300- 800 

t- 

c- c- 

c- 

c- c-- 

c-- c- 

--+ t- 

+ __ 

c- t- 

db 

11-22 

7-16 

(3) 12-22 

6-1 8 

11-28 

9-23 

(3) 7-14 

(2) 3- 8 

17-35 

Edentulous 
U’ithout dentuiei 

hz 

250- 600 

950-1150 
+ __ 

--+ 
1350-1 8.50 
t- t- 

2000-3100 

2i00-3850 

3 9 5 0 -4 2 .5 o 
4i00- 4850 

5100-il00 

550- 800 

t- 

t- t- 

- + t-- 

--f+ 

t- c- 

t- 

db 

8-31 

11-22 

12-1 6 

7-22 

3-21 

(4) 9-23 

(3) 7- Y 

(2) 8- 9 

18-3i 
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Heview of souagraphic analysis results 

A general review of the results shows that the acoustic struc- 
ture of sounds was impaired in edentulous cases. In particular, the 
high acoustic coiiiponenls ((;A tint1 C1 ) had weakened, affecting 
the clarity :inti precision of s :inti f sounds. For patients who had 
not had :I long edentulous period, the forination of a l l  dental 
sounds, for foriiiants and coinponents, wiis niore defective than 
for those who had hiid to live through ;I prolonged edentulous 
period. The longer the edentulous period the better they were 
able to form the sounds of the test sentence without prostheses. 

The forinant areas, which were reduced when pronounced by 
etlentulous patients without prostheses, rose to normil pitch 
when pronounced with ft111 dentures. 

D e t a i l e d  r e ~ i e w  o f  t h e  : i c o u s t i c  s t r u c l u r e  o f  
d e 11 t :I 1 s o u n d s 1' r o n o u n c e d w i t h o LI t tl e 11 t u r e s, 
w i t h  h a l f  d e n t u r e s ,  a n d  w i t h  f i i l l  d e n t u r e s .  

1 .  M e n  

Soonid r .  The oral form:int I.' 2 usu:illy tends to rise slightly 
higher t l im the I'u11-tlenture wrianl ,  when half-dentures or no 
dentures :ire worn ( the  upper limit o f  the area of' dispersion rises 
from 1150 hz Lo 1350 o r  3450 hz) .  The esp1;inalion is that the 
posterior aperture of the oral cavity is usually enlarged to e q u a l  
the srnaller contact stir1:ice of the tongue in the palate, :IS seen in 
the p:rIatogr:im t:iken from the h:ilf-cIenlure and edentulous 
variant. For the s:inie reason, the I'orrntint 01' the velar cavity 
( F V )  a l s o  tends to rise in these three variants, hereafter referred 
to as tlefecliiw. The C1 group :ilw:iys shows the l o s s  of the fourth 
component ((11 4 )  in the defective vari:ints, indicating that the 
partial o r  complete :ibsence of the incisors retluces nntl we:ikens 
the noise component of the incisors ((11). 

Sound s .  The niost important difference between lhe half- 
denture variants is that the alveolar noise ( ( :A)  is lower when 
the patient wears only the niandibul:1r denture ant1 has no uppei' 
teeth. Similarly, the average level ol' the peaks of incisor noise, 
the CI component, is lower with mantlibul:ir dentures than with 
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niaxillary dentures. Furthermore, the upper limit of the (:I group 
is usually lower when m:ixill:iry teeth are m 

In I)otli half-denture variants, however, the (:A :ind C1 groups 
:ire lower than in the full-denture vnri:tnt. This suggests that the 
high noise area typical of s ,  which in Finnish ranges froni 2,800 
hz to 6,000-7,000 hz, depends on the incisors o f  both jaws but 
niore so on the ni:ixillary th:in on the m:indihul:ir teeth. Stir- 
prisingly, the etlentulous s variant is for men somewhat hetter 
for both noise components than that pronounced with the nwntli- 
bular denture, hut poorer than that pronounced with the maxil- 
lary denture. The proficiency of the etlentulous wr i an t  therefore 
lies somewhere between the two h:ilf-dentures. 

Sound t. The :ihsence o f  lower incisors has a niore tlelrimentnl 
effect than that of upper incisors, for the :ilveolnr noise ( C A I  is 
lower with maxillary prosthesis alone. The s m i e  is true o f  the 
incisor noise, for with m:isill:iry dentures its area extends Lo ;I 

iii:iximuni 0 1  5,500 hz while with ni:intlibul:ir dentures it niny rise 
consitlerubly higher ( 7,050-7,450 hz ) .  The intlividunl C I  pe:iks 
:ire :tlso generally lower with ni:isilliiry dentures alone. The 
edentulous variant o f  t again falls hetween the t\vo h;ilf-tlenture 
cases. 'The edges o f  the lower incisors thus seem to play an  ini- 
port:int p i r t  in shaping the esplosive noise lor the pronuncia- 
tion of f .  

Soitnri 1. Only the oral  cavity form:inl Fi2 shows it syrnpLoni:~tic 
rise with ni:intlit)ul:ir h:ilf-rientures :ind in etlentulous cases 
(1,250--1,450 h z ) .  This is probably a result of the greater aper- 
ture o f  the buccal channel and the Interal tongue channels when 
the molars of the upper jaw or 110th jaws :ire missing. 

Soiinri n. In the absence of ni:indihul:ir dentures, the subdorsul 
formant FS shows a decrease. This is evidently the result of the 
increased volume of the subtlors:il cavily of tlie tongue, while the 
oral aperture reiii:iins tlie siiiiie size :IS in the pronunciation of 
the full-denture v:iri:int. 

2 .  Women 

Soitnri P. The v:iri:ints without m:ixillary dentures and without 
:my dentures differ to :ipproxim:itely the same degree froni the 
full-denture variant: 1'2 is lowered, FS rises, :ind the pe:iks of the 



CI noise components :ire lowered :inti reduced. Hence for  these r 
variants the part phyetl by rn:ixill:iry teeth is more irnport:int 
than that p1:iyed by ni:indiI~til~ir incisors. 

Sound s.  The essential components (:A and C1 are  :ipproxi- 
mately equnl in the h;ill'-denture v:irionts for women and take a 
lower average level than in the full-denture variant. The s vari- 
ant, however, with 1n:indibular dentures is slightly poorer than 
with inaxillnry dentures. The eden tulous vari:int is this time 
slightly better than either half-denture v:tri:inl, which shows that 
skilful articulation of s is possible with the gingivae alone. 

Sotinti t .  For the lrequencies of the (:A ant1 (11 noises, the 
defective v:iri:ints :ire lower, or darker, in components than the 
full-denture vnrinnt. As for the half-denture variants of men i t  is 
found that the innndibular prosthesis gives :I better t sound. 
The edentulous variant is on an average slightly better t h in  
either of the half-denture v:iri:ints. This is directly connected 
with the f':ict that the fem:ile subjects of' the experiments had :I 

longer average edentulous period than h:id the mnle patients. 
Sortnd 1. The half-denture variants show :I slight rise in F2 a s  

compared with the full-tlenture v:iri:int. The increased size of' 
lateral apertures causes the rise of the buccal cavity formant FR 
in the defective variants. The rise is greatest with the iiiandihular 
denture in place. 

Sorind 11.  For FS, the upper limit of' the are:( of dispersion is 
lowered in d l  defective variants, which :cg:iin results from the 
increased size o f  the corresponding cavity volume. 

S r i v ~ l A I ~ s  AX11 CONCIA"SIONS 

The investigation covered 10 full-denture patients, with four 
denture-wearing variants: (1) full dentures in place, (2 )  only 
niaxil1:iry denture in  place, ( 3 )  only mandibular denture in 
place, :md (1) edentulous, with no dentures. Measurements of 
arch height, width, length and circumference were taken on 
edentulous jaws and prostheses. These ~neasureinents were dis- 
cussed. 

The photop:il:itograpliic :rnd son:igr:iphic niethotl s were used to 
study the dental sounds with the :ibove denture-wearing v:iri:ints. 
The subjects mere made to pronounce the sentence: I< a :I r r a, 



2!)6 AUNI.: 1 L i v O  ANI) ANTTI  ~ O V I J X I W  

0 t t 0, :I 11 n :I o 1 1 a in ;I :I s s a, (Turn  out, Otto, leave i t  on the 
ground). The :in:ilyses of the sound sections of  the experiinental 
sub j e c t s we re t ahu 1 :i ted. 

The study leiids to the following conclusions: 

The forlnnnt or component areas, which are lowered when 
pronunci:ition takes place without dentures and with coinpletely 
edentulous jaws, rise to the normal level when full dentures :ire 
worn. 

The nxixilhry dentures :ire more iinportanl th:in the m:intlihu- 
1:ir prostheses for the pronunciation of‘ s and r sounds in the cren- 
tion of the correct :ilveol;ir :ind incisor edge noises. 

The niandibu1:ir dentures :ire more inipoi-t:int tor 1 sounds : the 
edges o f  the ni:~ndihul:ir incisors seem to play the greatest 1xir.t in 
forming the incisor explosive noise. 

On coiiip:irison of the 1 : \ i d  R sounds produced with the dif- 
ferent denture-wearing phases, no essential differences were 
found (15, 21).  

II Bs I‘ h l ~ :  ET co NC I,  u s10 N s 

BTLJlIES SONAGRAPHIQUES ET PALATOGRAPHIQUES DE PLUSIEURS 
CAS DE PROTHRSE COMPLBTE, DE PROTHESE SEMI.COMPLBTE ET 

D% D EN TATION. 

Cette 6tude concerne 10 patients Cdenti.s, avec quatre variantes 
en ce qui concerne le port des prothbses: ( 1 )  prothirses coin- 
plktes en place, ( 2 )  prothbses du  haut seuleiuent en place, ( 3 )  
prothirses du has seuleiiient en place, et (4) CdentCs, sans pro- 
thkses. On :I iiiesurC la hauteur de 1:i voiitr, s : ~  Iargeur, s:\ Ion- 
gueur et s :~  circonference sur les miichoires CdentCes et  sur les 
pr‘othkses. Ces mesures on fait  I’ohjet d’une discussion. 

L:I iiiCthode yhotoi)alatograi)hique et la ~ ~ C t h o d e  son:igr:iphi- 
que ont 4tC einploykes pour btudier les sons dentaux d:ins les 
diffCrents cas indiquks ci-dessus. Les sujets ont prononcC la  
phrase : ”Kaarra, Otto, mn:r olla iii;i:iss:i”. (Sors, Otto, laisse le 
par terre) .  Les :inalyses des sections phonktiques ctes sujets de 
I’exp6rience on k t6  reprksentkes par ties tableaux. 
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Cette Ctude conduit aux conclusions suivantes: 
Les zones de forinants et d'klkments qui se trouvent :ibaiss@es 

quand la phonation se fait sans prothbses et avec des inrichoires 
totaleiiient Cdentites, inontent n u  nivenu normal lorsque des pro- 
thkses coniplhtes sont portPes. 

Les protheses supkrieures ont plus d'importance que les pro- 
thkses infkrieures pour la prononciation des sons s et r en crCant 
correcteinent les bruits :tlvColnires et les bruits du  bord incisif. 

Les prothhses infkrieures ont plus d'importance pour le sont t : 
les bords des incisives infkrieures seinblent jouer un  role prim- 
ordi:il pour 1:i formation des bruits explosif incisifs. 

Aucune difference essentielle ne peut &re discernCe en ce qui  
concerne les sons I et n prononcbs par les diffCrents types de 
porteurs de prothbses. 

ZL'SAMBIENFASSL'NG I'ND SCIJI,USSI~OI,GI.:R1'N(~EN 

SONAGRAPHISCHE UND PALATOGRAPHISCHE UNTERSUCHUNG UBER 
DEN EINFLUSS DER PROTHESEN AUF DIE ARTIKULATION DER 

ZAHNLAUTF: 

Zehn Vollprothesentrlger wurden unter vier verschiedenen 
Bedingungen untersucht : 1 ) init beitlen Prothesenteilen iiii Mund, 
2)  nur  iiiit Oberltieferprothese, 3 )  nur  iiiit Unterltieferprothese, 
4)  ohne ZBhne, d.h. ohne Prothesen. An den Prothesen und den 
zahn 1 o sen K ie f e r n w u rde n Mess tin Sen ii her W6 1 bung sh 6 he, 
Rreite, Lange und Uiiifang wrgenoiiiiiien und uberpriift. 

Die photopalatographische und die sonagraphische Methode 
wurde zur Untersuchung der unter den obengenannten Hedin- 
gungen artiltulierten Zahnlaute nngewnndt. Der Versuchssatz 
lautete: Knnrrn, Ot to ,  nnna olln mmssa.  (Mach einen Rogen 
daruin, Otto, lass es auf der Erde liegen.) Die bei der Antilyse 
der Intensitats-Frequenz-Spektren (Selttionen) festgestellten Er- 
gebnisse wurden in Gesnmttnbellen zusaini1ienSef;isst. 

Die Untersuchung legt folgende Schlussfolgerungen nnhe : 
Die Bereiche der Forinanten oder Gerluschkoiiiponenten, die 

beiiii zahnlosen Artiltulieren ohne I'rothese abgesunken waren, 
kehren beiiii Tragen der Vollprothese :ruf die noriiinle Hijhe 
zuriick. 
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I3ei der Ausspr:iche der s- und r - l ~ u t e  sind zur Erzielung des 
richtigen Geriiusches :in Zahnwall und Frontz:ilinsclineiden die 
Prothesen des Oberliiefers wichtiger :)Is die des Unterltiefers. 

Die Unterltieferprothesen sind wiederuin wichtiger bei den t -  
h u t e n  : die Schneiden der unteren Frontzahne scheinen hnupt- 
siichlich f i ir  die Hildung des Inzisivengeriiusches hei der \'er- 
schlusssprengung verantwortlich zu sein. 

Ein Vergleich der unter den yier verschiedenen ljedingungen 
artiltulierten Varianten der I -  und n-I,:iule fiirdert keine wesent- 
lichen ZJnterschiede zutwge. 
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