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Abstract

Introduction: Removable complete dentures alter the spectrum of speech sounds by changing the elasto-plastic properties of certain
areas of the oral cavity walls, and the geometric characteristics of the vocal resonator. These relationships predetermine largely the aims
of conventional studies on the effect of prosthetic dentures on speech function.

Aim: To investigate the effect removable dentures have on the fundamental frequency of speech during different stages of the adapta-
tion period.

Materials and methods: We analysed 96x2 digital sound recordings made by 64 patients (32 male and 32 female). Each patient was
asked to say ‘three, two, one, zero, start’ three times: before denture placement, after denture placement, and after a two-week adaptation
period. The pitch contours of FO and the numeric values were obtained using the Speech Analyzer - SIL Language Technology software.

Results: Immediately after denture placement, in male patients FO increased by 12% on the average, and in female patients - by 10%.
Two weeks after denture placement, FO regained its normal value (p<0.05).

The mean value of FO, whose raising can be interpreted as an acoustic correlate of temporary psychological stress, returned to normal
after a brief adaptation period (in this case - 14 days).

Conclusions: The results on the systematic changes of FO in the course of the complete denture prosthetics are indicative for the
systematic speech impediments before, and the absence of such impediments after (in case of successful prosthetics) the adaptation.
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INTRODUCTION

tract walls transmitted to the air molecules within the vocal
tract. The diverse frequency components of these vibrations

Sound is a vibration with a possible auditory effect, and
therefore it is in general a three-stage process: 1) generation
of mechanical oscillations, 2) their propagation in an elastic
medium, and 3) their auditory perception.

Speech sounds are produced because of complex (mul-
ti-frequency) vibrations of the vocal cords and/or the vocal

vary in intensity depending on the momentary, geometrical-
ly conditioned resonance characteristics of the vocal tract.
Many research projects and questionnaire surveys esta-
blish that dentures (irrespective of the fabrication materi-
al'3, and depending on the method of artificial teeth arran-
gement*”, the thickness of denture base3!0, as well as on
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the vertical-horizontal relations!''?) may cause changes in
the speech sounds spectrum by changing 1) the elasto-plas-
tic properties of certain areas of the oral cavity walls, and 2)
the geometric characteristics of the vocal resonator. These
well-known factors of speech sound generation predeter-
mine to a large extent the aims and methods of the most
prevalent studies of the influence of prosthetic dentures on
speech function.!? They deal with articulation, but not pho-
nation (the generating of the glottal voice source made by
engaging the vocal cords).

AIM

The aim of the present study was to establish experimen-
tally the hypothesized relation between complete denture
prosthetics and the frequency level of voice, i.e. the mean
of the fundamental frequency (F0) of the vocal cords. That
relation is manifested in an initial temporary increase of
the fundamental frequency mean value, leading on its turn
to the deterioration of the timbral characteristics of most of
the sounds (vowels and voiced consonants).

MATERIALS AND METHODS

Units of observation were 96x2 digital sound recordings of
64 patients (32 male and 32 female patients). Each patient
uttered a sentence (“Three, two, one, zero, start” in Bulga-
rian) under three different conditions: 1) before denture
placement, 2) immediately after denture placement, and 3)
after a two-week adaptation period.

The pitch contours of FO and the numeric values (in 20
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ms intervals) were obtained by using the Speech Analyzer
(SIL Language Technology). “Auto Pitch” — smoothed pitch
contours were used, and the processing was based on two
types of algorithms - statistical and psychoacoustic.

For each recording lasting from three to four seconds,
the mean value of FO was calculated, where the momentary
values of FO (about 85 in number) were defined and auto-
matically exported as mean value per each 20 ms interval
of voice presence.

The derived mean values of FO were analysed statistically
(t-test) to find a correlation between FO and stages of tre-
atment.

Fig. 1 shows as an example the visualization of the raw
numeric data for a representative individual case.

RESULTS

In order to eliminate irrelevant influences, rigorous sta-
tistical methods were used over a substantial quantity of
raw numerical data (24192 frequency values approximate-
ly: 64 patients x3 records 2500 ms long on average with
measurements acquired in 20-ms intervals). The acoustic
analysis program providing raw data (SIL Speech Analyzer)
also performs an initial statistical treatment: the raw pitch
is smoothed and possible outliers are thus excluded. The
subsequent statistical analysis on the derived mean values
of FO (t-test) reliably indicate that FO is normalized at the
third testing 14 days after denture placement.

The results given in Table 1 are mean values of FO befo-
re denture placement (day -1), immediately after denture
placement (day +1) and after a two-week adaptation period
(day +14).
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Figure 1. Pitch contours of the same sentence uttered by a patent in two different contexts: without dentures (in black) and with den-

tures (in red).
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Table 1. Mean values for 32 male and 32 female patients uttering
the sentence “Three, two, one, zero, start’ at three different times

FO (Hz), FO (Hz), FO (Hz),
Groups

Day -1 Day +1 Day +14
Female patients 214 236 211
Male patients 149 169 144

The individual results were analyzed by the t-test using
Excel.

Results for the relationship Before vs. After 1 are as
follows:

For male patients, p<0.001. The null hypothesis (Hypothe-
sized Mean Difference = 0) was rejected. The results were
statistically significant. Immediately after denture place-
ment, FO increased by approximately 12% in male patients.
The results in female patients were similar - F0 increases by
approximately 10% on the average - showing a significant
but a bit less important effect of prosthetics on the average
voice level.

Results for the relationship Before vs. After 14

For male patients, p=0.014 (p<0.05). Two weeks after den-
ture placement, FO approached its normal value, with a
small difference of 3.9% compared to the reference mean
value ‘Before’

For female patients, p=0.179 (p>0.05, Hypothesized
Mean Difference = 0). Two weeks after denture placement,
FO regained almost completely its normal value, with a
small difference of 1.0% compared to the reference mean
value ‘Before’

Results for the relationship After 1 vs. After 14

For male patients, p<0.001. The null hypothesis (Hypothe-
sized Mean Difference = 0) was rejected. The results were
statistically significant. Fourteen days after denture place-
ment, FO decreased by approximately 14% in male patients.
The results in female patients were similar - p<0.001, FO
decreases by approximately 10% on the average.

DISCUSSION

The literature on the effects of removable complete dentu-
res on the patients’ speech is both large and rigorous. Ho-
wever, existing studies quasi-invariably relate to the quality
of individual sounds (i.e. on the timbre of sounds), exclu-
ding the quality of voice (i.e. its pitch). This is understan-
dable, since a relationship between dental prosthetics and
the fundamental frequency could not be explained from
the perspective of the existing biomechanical and acoustic
speech production models. Such a relationship is neverthe-
less theoretically possible; it could be psychologically based
in view of the well-known emotionally and mentally deter-
mined voice pitch variability.

The results obtained here suggest that this theoretical

possibility is consistent with the acoustic reality: imme-
diately after denture placement, with male patients, the
average fundamental frequency increases considerably by
12% for the 32 male patients and by 10% for the 32 female
patients.

The mean value of FO, whose raising can be interpreted
as an acoustic correlate of temporary psychological stress,
returns to normal after a brief adaptation period: two
weeks after denture placement, FO regains its normal value
(p<0.05).

The increase is substantial but rather limited in time,
which supports the hypothesis that it is psychologically
based, and is the result of the stress caused by the abrupt
change in the proprioceptive state of the patient (tactile
and auditory). Another reason supporting the hypothesis
is the fact described in linguistic references that oral com-
munication in a foreign language leads to extraordinary
raising of the FO mean value that has a negative impact on
the quality of speech.!® That stress is basically expressed in
higher laryngeal muscular tension leading to unusual for
the patient raising of the fundamental frequency, which, in
its turn, causes phonetic deterioration of their speech. The
fundamental frequency of the vocal vibration is the mini-
mal frequency in the vocal cords vibration spectrum, usu-
ally referred to as fundamental tone (designated by FO and
measured in Hz). The variation of the fundamental tone in
the course of time is perceived as melody.

Our acoustic evaluation of the influence of dental pros-
theses on the fundamental frequency of speech also shows
that the increase of F0 is more significant in the case of
male (compared to female) patients. We hypothesized that
the increase is due to a temporary psychological stress and
therefore one could logically conclude that women are
simply less reactive to stress. This may be true, but such a
conclusion could not be drawn here because of the highly
possible role of another factor: the voice pitch is related to
the length of the vocal cords. Anatomically, the phonation
apparatus is different in males and females: women tend to
have shorter vocal cords than men (and tend for this rea-
son, among others, to have higher voices than men). From
a purely physical point of view, the frequency range of a vi-
brating cord is all the more limited as the cord is short and
its expansion in restrained. Therefore, even though a wo-
man (or especially a child) is very reactive vocally to stress,
the relative global increase of their fundamental frequency
will be tempered by its high initial value and the limited
possibilities of straining the vocal cords.

Muscle tension (in particular tension of the intrinsic mus-
cles of the larynx function to move the vocal cartilages and
control tension), is almost a reflex reaction to stress. Physio-
logical effects of the psychological stress caused by the chan-
ges in patients’ proprioception immediately after denture
placement are well known (e.g. increased gastric acidity).
The fundamental frequency, when measured several days af-
ter denture placement, could be considerably affected again
by the mental, emotional, and physiological state of the pa-
tient, but with no relation to prosthetics in this case.
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CONCLUSIONS

The results on the systematic changes of FO in the course
of the complete denture prosthetics are indicative for the
systematic speech impediments before, and the absence of
such impediments after (in case of successful prosthetics)
the adaptation.

The period of speech adaptation was found to be rela-
tively short, but it relates only to patients expressing satis-
faction with their prosthetics upon their placement, which
was the case with all of the 64 tested patients.
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BnnsaHne CbEMHbIX MNO/IHbIX MPOTE30B HA OCHOBHYIO
yacToTy peuu

Mapxen Xycenn, Vinnan Xpucros
Kagpeopa npomemuueckoii Oenmanvroti meouyunvt, Paxynvmem denmanvroi meouyunvl, Meoununckuii yuusepcumem — ITnogous, Inosous, Bonzapus

Appec ansa xoppecnoHaeHuMn: Mamxen Xycens, Kadenpa nporeTndeckoit feHTanmbHOI MeAnLyHbL, PaKy/mIbTeT feHTaIbHON MeANLMHDL, Mef-
LMHCKNIT yHUBepcuTeT — I1noBpus, 6yi1. ,Xpucro Bores“ Ne 3, 4000 ITnospus, Bonrapust; E-mail: magicdental@abv.bg; Tern.: +359 888 835 534

[ara nonyyeHus: 1 dpespans 2020 ¢ JaTa npueMKn: 17 mapra 2020 ¢ [lata ny6nukauum: 31 gexabps 2020

O6pasel, yuTnposaHua: Hussein M, Hristov I. Effect of removable complete dentures on the fundamental frequency of speech.
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Pe3tome

BBeaeHue: CphéMHbIe TTOHBIE IIPOTE3bl M3MEHAIOT CIIEKTP 3BYKOB peul 3a CYET M3MEHEHMA YIPYTOIIaCTIYeCKMX CBOJICTB Onpefe-
JIEHHBIX YYACTKOB CTEHOK IIOJIOCTU PTa ¥ TeOMETPUYIECKMX XapaKTePUCTHUK PedeBOro pe30HaTopa. ST CBA3Y BO MHOTOM OIIPEJeNAIoT
Iie/Ib TPAVILIMOHHbIX MCCTIeOBAHMIT BIMAHMA 3yOHBIX IIPOTE30B Ha PeueByIo GYHKIMIO.

Lensb: Visyunts BIusaHMe CHEMHBIX IIPOTE30B Ha 6a30BYI0 YaCTOTY PeyM Ha Pa3HBIX ITAIAX /[ANITAI[IOHHOTO TIePUOJA.

Martepuansbl u MmetoAbl: [IpoananusupoBansl 1udpoBble ayauosanucu 96 x 2 64 manueHToB (32 MY>KYMHBI U 32 SKEHIIUHBI).
Kaxmoro mamnyeHTa mpoCuUIM CKasaTh «TpH, [Ba, OFVH, HOMb, Ha4Ya/lo» TPM Pasa Iepef yCTAaHOBKOII IIPOTe3a M MOC/IE [JBYXHENEb-
HOTO Iepuofa ajanrtaiyu. Beicora FO u umcnoBble 3HaYeHNUs! ObUIM IOMTyYeHBI C IIOMOIIBIO IIPOrPaMMHOr0 obecredeHys Speech
Analyzer - SIL Language Technology.

Pes3ynbrarbl: Cpasy nocie ycranoBky npores3a FO yBenmmunBancs B cpefiHeM Ha 12% y manyeHTOB MY)KCKOTO TToia 1 Ha 10% y ma-
LJIEHTOB YKEHCKOTO 071,

Yepes gBe Hemem ocyie ycTaHoBKM FO mocTur HopManpHbIX 3HaueHuit (p <0.05).

Cpennee 3Havenne FO, yBenndeHne KOTOPOro MOXXHO PacCMaTpMBATh KaK aKyCTUIECKOe COOTBETCTBIE BPEMEHHOMY IICHXOJIOTHYe-
CKOMY CTpecCy, BepHY/IOCh K HOPMa/IbHbIM 3Ha4eHMAM II0C/Ie KOPOTKOTO Iepuofa afianTtanny (B JAHHOM CrTydae — 14 mHeit).

3aknoueHue: PESYTII)TaTbI CUCTeMATYeCcKoro usmenenns FO TIp YCTaHOBKE IIPOTE30B CBUAETE/IbCTBYIOT O Ha/IM4INN 6apbep03 Ji9)8:¢
CUCTEeMHOI peun no n 06 OTCYTCTBUM TaKUX 6apbep03 mocie (B ciay4dae ycnemHoﬁ YCTaHOBKMU HpOTe3OB) aJanTalnn.

KnwoueBble cnoBa

TTOJTHBIN IIpOTE3, OCHOBHAA 9aCTOTa, p€4b
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