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1. BACKGROUND 

 Speech function is a major privilege of human beings, fundamental to  

social communication, and therefore it strongly influences their quality of life. 

Tooth loss is often related to various chronic constraints in performing regular 

functions, where mostly affected are mastication and speech function. In its turn, 

this causes psycho-social issues, which however can be prevented by modern 

prosthetic dentistry with prosthetic dentures fabricated to completely comply 

with the individual anatomic characteristics, thus improving both impaired 

functions (speech and mastication) and aesthetics. 

Indisputably, removable dentures significantly change the capacity of oral 

cavity, the articulation contacts of teeth and tongue, the hard palate and mucosa 

during speaking. It is a well-known fact that during adaptation of patients with 

removable complete dentures, impediment of speech is often seen, which at a 

later stage either drops or completely disappears when all individual 

characteristics and technology of fabrication and placement of dentures have 

been fulfilled. In cases of serious omissions in treatment, the impaired functions 

do not recover completely even after a prolonged period. 

 Despite the advancement of medicine and the immense information flow, 

in science literature there is lack of contemporary studies on the effect, that 

removable dentures exert on the speech function and adaptation. The factors that 

influence the phonetic adaptation process in patients are yet not fully explored 

objectively, due to which practical guidelines for improving treatment with 

removable complete dentures are in shortage. 

 

2. AIM AND OBJECTIVES 

The aim of the doctoral thesis is by means of questionnaire, laboratory and 

clinical studies to explore the effect of removable complete dentures on the 

speech function of Bulgarian and Arab patients employing contemporary 

methods of acoustic-phonetic speech analysis. 

Objectives 

 Objective 1: Exploring the level of awareness of dental practitioners and 

dental technicians in Bulgaria regarding the importance of the various factors for 

recovering and optimizing productive speech function. 

 Ojective 2:  Using modern acoustic analysis methods, study the changes 

of phonetic characteristics of speech sounds in patients with removable complete 

dentures of different thickness. 

 

For the implementation of Objective 2, the following tasks are selected: 

 2.1. Studying the influence of denture plate thickness on the fundamental 

frequency of voice (Fo, Hz). 

 2.2.  Studying the influence of denture plate thickness on the consonants 

spectrum. 

 2.3.  Studying the influence of denture plate thickness on the vowels 

formant structure. 
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Objective 3: Acoustic parameter analysis of speech before and during the 

adaptation period. 

 Objective 4: Studying the acoustic parameters (fundamental frequency, 

spectrum, formant structure) and comparative acoustic-phonetic analysis of 

speech in Bulgarian and Arab patients with removable complete dentures of 

various thickness, and visualization of articulation of certain sounds in both 

languages. 

 

3. MATERIAL AND METHODS 

 

3.1. Material and methods in Objective 1 
 For the implementation of Objective 1, a questionnaire study is conducted 

in which the subject of observation is the dental practitioners’ and dental 

technicians’ level of awareness regarding the influence of the removable 

complete dentures on the speech function. 

 Observation units in the research are the questionnaire answers of 

369 dental practitioners and 84 dental technicians in Bulgaria. 
The questionnaire study took 5 months – starting in the beginning of January 

2018, ending in the end of May 2018. The number of participating dental 

practitioners was 369 – 4.4 % of all dental practitioners (DP) in Bulgaria 

according to the National Statistical Institute (NSI) data for 2017. The number of 

participating dental technicians was 84, but since their total number nationally 

was not officially available, percentage could not be calculated. 

 The inquired dental practitioners were from 70 settlements – 67 urban and 

3 rural ones. The dental technicians, involved in the study, were from 19 urban 

settlements. 

 The participation of dental practitioners and dental technicians is random, 

without prior selection or lottery, which validates the representativeness of the 

sample. 

 The data source are specifically designed questionnaires on the 

awareness of the inquired. 

The questionnaire for the dental practitioners is comprised of 16 

questions, where the first part (5 questions) explores as variables the sex, age, 

work experience, and specialty of participants. 

 The second part of the questionnaire contains 11 questions intended to 

explore the dental practitioners’ awareness of the effect that different factors in 

denture fabrication (uncovered gingivobuccal sulcus , vertical occlusion 

dimension, artificial teeth arrangement, thickness of denture plate, incorrect 

restoration of centric occlusion, rugae palatine reproduction, severe alveolar 

ridge atrophy, and type of material) exert on the speech function. 

The questionnaire intended for the dental technicians is composed of 11 

questions, containing a general part (4 questions) concerned with variables:   

sex, age, and work experience of participants. 
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 The second part comprises 7 questions designed to explore the dental 

technicians’ awareness of the influence which laboratory factors in complete 

denture fabrication have on the speech function. 

 

3.2. Material and methods in Objective 2 
For the implementation of Objective 2, the following tasks are defined: 

Task 2.1. Studying the influence of denture plate thickness on the fundamental 

frequency of voice (Fo, Hz). 

Task 2.2.  Studying the influence of denture plate thickness on the spectrum of 

consonants. 

Task 2.3.  Studying the influence of denture plate thickness on the formant 

structure of vowels. 

 Subject of observation are the changes in speech functions of 73 

edentulous patients – male and female, within the age from 55 to 70 who have 

been treated at the researcher’s dental practice and have given their informed 

consent for taking part in the research. The selected patients do not suffer from 

systemic diseases. The alveolar ridge in each of these patients is medium in size 

(grade II by Boyanov grading) and the proper vertical dimension, correct 

occlusal planes and artificial teeth arrangement are fulfilled. 

 A condition for taking part in the study is to be free of articulation 

disorders and able to correctly read the required text. 

Observation units are the acoustic parameters in the speech of patients with 

removable complete upper and lower denture. The dentures are fabricated from 

acrylic resin and the plate thickness is measured with a micrometer.(Dial 

Caliper)  Taking measurements in five points of the denture plate, a mean value 

is calculated. Under this criterion, the patients are divided into two groups: 

 Patients with thin conventional denture of 1.5 mm – 2.0 mm thickness 

 Patients with thick conventional denture of 2.1 mm – 2.6 mm thickness 
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Diagram 1 – Acoustic study with Bulgarian patients 

We have used a needle tip micrometer (Dial Caliper), which allows better 

access, positioning and reading of the thickness measurement in mm (Fig. 1 and 

Fig. 2) 

  

 
Fig. 1.  The micrometer used to measure the denture 

thickness 
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thin denture   thick denture 

Fig. 2. Various thickness of denture measured with the micrometer. 

 

In the experiment, we have used a computer programs for the acoustic 

analysis – Speech Analyzer - TREFL (web.uni-plovdiv.bg/rousni) – a product of 

a long-year international academic cooperation. It allows the application of 

modern (reliable and precise) methods for analysis of the speech sounds as well 

as high efficiency and quality of experiment works(through fast and perspicuous 

superposing of color graphics and deriving of comparative numeric data). 

 

3.3. Material and methods in Objective 3 

Here we have used modern methods of acoustic analysis, which allow the 

objective evaluation of the changes in the geometrical and tissue characteristics 

of the oral cavity walls with reference to its speech function. 

 

This is a comparative analysis based on comparing four types of equitype 

data of oral speech: 

1) impaired dental structure without dentures; 

2) with dentures at the time of initial placement; 

3) with dentures during the adaptation period; 

4) neutral data, representative of the pronouncing norm used to compensate the 

lack of recordings of patient with intact dentition. 

 Subject of observation are the changes in the speech function during the 

adaptation period of 73 edentulous patients – male and female, within the age 

from 55 to 70. 

 Observation units are the acoustic parameters in the speech of patients 

with removable complete upper and lower denture taken before denture 

placement, on the day of denture placement and , on day 15, day 30 and day 45. 

The dentures are fabricated from acrylic resin with denture plate thickness of: 

 1.5 mm – 2.0 mm thickness (thin) 

 2.1 mm – 2.6 mm thickness (thick) 

 

 

 

 



6 
 

3.4. Material and methods in Objective 4 

 Subject of observation are the changes in the speech function following 

the denture placement in 31 edentulous Arabic speaking patients of male sex, 

within the age from 55 to 70 who have been treated at the researcher’s dental 

practice and have given their informed consent for taking part in the research. 

The selected patients do not suffer from systemic diseases. The alveolar ridge in 

each of these patients is medium in size (grade II by Boyanov grading). 

 A condition for taking part in the study is to be free of articulation 

disorders and able to read correctly the required text. 

Observation units are the acoustic parameters in the speech of patients 

with removable complete upper and lower denture taken before denture 

placement, on the day of denture placement, and on day 15, day 30 and day 45. 

Patients are divided into two groups: with thin dentures (1.5 mm – 2.0 mm 

thickness) and with thick dentures (2.1 mm – 2.6 mm thickness). 

 
Diagram 2 – Acoustic study with Arab patients 
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Methods of Statistical analysis for all the objectives 

 

 Descriptive analysis – frequency distribution table representation of the 

observed variables; 

 Variation analysis – evaluation of the characteristics of central tendency 

and statistical dispersion; 

 Correlation analysis – checking the presence of linear correlation between 

quantitative features; 

 Multiple regression analysis; 

 Testing for statistical correlation of qualitative variables applying the  χ2-

criterion (chi-square); 

 Graphical analysis visualizing the results; 

 For the statistical processing of data we have used application package for 

epidemiology and clinical research –  SPSS v. 22.0 for Windows. 

 

4. RESULTS AND DISCUSSION 

  

4.1. Results and discussion on Objective 1 

The inquired dental practitioners and dental technicians are distributed by 

sex, age, work experience, place of employment and specialty. 

 

Table 1. Characteristic of inquired specialists 

 

Feature 

Dental 

practitioners 

(n=369) 

Dental 

technicians 

(n=84) 

Place of 

employment 

City 306/ 82.90 % 79/95.10 % 

Town or village 63/ 17.10 % 5/ 4.90 % 

Sex Male 178/ 48.30 % 41/ 48.80 % 

Female 191/ 51.70 % 43/ 51.20 % 

Age 25-35 68/ 18.50 % 14/ 16.70 % 

35-45 119/ 32.20 % 25/ 29.80 % 

45-55 114/ 30.80 % 18/ 21.40 % 

over 55 68/ 18.50 % 27/ 32.10 % 

Work 

experience 

up to 5 42/11.40 % 4/ 4.80 % 

5-10 54/ 14.70 % 7/ 8.30 % 

10-15 72/ 19.60 % 9/ 10.70 % 

15-20 89/ 23.90% 10/ 11.90 % 

over 20 112/ 30.40 % 54/ 64.30 % 

Specialty No specialty 229/ 62.10 % - 

GDP 78/ 21.30 % - 

Prosthodontists 22/ 6.00 % - 

Other specialty 39/ 10.60 % - 
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Male and female participants are nearly equal in number, the females 

slightly prevailing in both groups – dental practitioners and dental technicians. 

 In the observed groups of specialists, we find that age index demonstrates 

a significant difference (χ
2
=7.82; р < 0.05) showing that with the dental 

practitioners prevailing is the age group 34-45 (32.20 %), while with the dental 

technicians, high relative share have those above the age of 55 (32.10 %). 

  Level of awareness of dental practitioners and dental technicians 

regarding the importance of the various factors for recovering and 

optimizing productive speech function. 
Slightly more half of them (58.70 %) evaluate their awareness of the 

influence exerted by the removable complete dentures on the speech function as 

excellent, i.e. they are familiar with all the explored factors affecting that 

function (fig. 3). 

 

 
Fig. 3. Evaluation by the dental practitioners of their awareness of the influence 

exerted by the removable complete dentures on the speech function 

 

Notably higher proportion of the dental technicians (85.70%) state that 

they are fully aware of the influence exerted by the removable complete 

dentures on the speech function (χ
2
=9.21; p < 0.001) (fig. 4) 

 

58.70% 

39.10% 

2.20% 

Excellent -  I am familiar with all factors influencing the speech function  (n=217)

I am partially familiar with these factors  (n=144)

I am not familiar with these factors  (n=8)
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Fig. 4. Evaluation by the dental technicians of their awareness of the influence 

exerted by the removable complete dentures on the speech function 

 

Specialist dental practitioners are defined as far better informed than their 

General dental practitioner (GDP) peers (χ
2
=11.58; р < 0.01); 69.50% of the 

specialist dental practitioners report excellent awareness of all the explored 

factors that influence the speech function (fig. 5). 

 The dental practitioners specializing in Prosthetic dentistry are those who 

are the most informed ones of the effect of treatment with removable dentures 

on the speech function. (χ
2
=17.64; р < 0.01) (fig. 6). 

 

 
Fig.5. Comparative analysis of dental practitioners by the presence or absence of 

specialty and evaluation of their awareness of the effect of removable dentures 

on the speech function 

 

85.70% 

13.10% 

1.20% 

Yes (n=72)
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Fig. 6.  Comparative analysis of the dental practitioners by the type of specialty 

and evaluation of their awareness of the effect of removable dentures on the 

speech function 

 

Logically, the medical specialists stating excellent level of awareness of 

the factors influencing speech function account for the highest comparative ratio 

of answers sustaining the proposition that speech function is impaired with the 

coverage of the gingivobuccal sulcus area (89.9 %). Specialist who admit they 

are not familiar with the effect of the removable dentures on the speech function 

state that this function is not impaired when the gingivobuccal sulcus remains 

uncovered in the complete denture (χ
2
=37.87; р < 0.001) (fig. 7). 

 

 
Fig. 7. Comparative analysis of the dental practitioners’  awareness regarding the 

effect of removable dentures on the speech function and its impairment with 

uncovering the gingivobuccal sulcus in the structure of dentures. 

 

In denture fabrication, speech is used to not only define the proper 

positioning of frontal teeth but also to evaluate whether the vertical dimension of 

68.80% 
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occlusion is correctly taken. The results of our exploration show that 93.80 % of 

the dental practitioners and 85.80 % of the dental technicians sustain that the 

vertical dimension of occlusion is influential for the speech function (fig. 8) 

 

 
Fig. 8. The vertical dimension of occlusion affects the speech function 

As far as the effect of the teeth arrangement on the speech function is 

concerned, a significant portion of the dental practitioners (94.80 %) and the 

dental technicians (91.70 %) consider the teeth arrangement important for the 

speech function (fig. 9). 

 
Fig. 9.  The arrangement of the artificial teeth affects the speech function. 

 

Over 90 %  (90.4 %) of the inquired dental practitioners deem that vertical 

dimension of occlusion and teeth arrangement influence the speech function, 

and we find a direct ratio between the two factors (r=0.294; p<0.001). A 

considerable percentage of the dental technicians (82.20 %) support the opinion 

of the dental practitioners that vertical dimension of occlusion and teeth 

arrangement affect the speech function. Here again, a direct ratio of the explored 

factors is seen (r=0.218; p<0.05). 

According to 73.50 % of the dental technicians and 84.70 % of the dental 

practitioners, denture thickness influences negatively the speech function. (fig. 

10). It is logical that thick dentures affect adversely the speech function since 

they cause the volume of space within which tongue moves to be decreased, 

deteriorating the speech, however the ultimately thin dentures are prone to 

93.80% 
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85.80% 
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fractures. Often, when such issues concerning speech function due to improper 

thickness of denture are found by the dental practitioner, the denture is returned 

to the dental laboratory for correction. 

 
Fig. 10. Effect of the denture thickness on the speech function 

 

According to 90.50 % of the dental practitioners, the incorrect restoration 

of centric occlusion affects articulation (fig. 11).

 
 

Fig. 11. The incorrect restoration of centric occlusion affects the speech function 

 

The incorrect taking of the centric occlusion in the process of treatment 

leads to supplying distorted information to dental technicians regarding the teeth 

arrangement and fabrication of the complete denture. The questionnaire study 

shows a direct ratio between these two factors (r=0.237;p<0.001), where 

87.40 % of the dental practitioners sustain that the incorrect arrangement of 

artificial teeth and the incorrect restoring of the centric occlusion impair the 

speech function. 

The research on the opinion of the dental practitioners regarding the 

impairment of the speech function with the different groups of missing teeth 

shows that over 90 % of the inquired consider the frontal teeth (incisors) to be 

the most influential (fig. 12). 

84.70% 

5.50% 
9.80% 

73.50% 

21.70% 

4.80% 

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

100.00%

Negative Positive I can't tell

Dental practitioners Dental technicians

90.50% 

6.00% 
3.50% 

YES (n=334) NO (n=22) NOT FAMILIAR (n=13)



13 
 

 

 
Fig. 12. Missing teeth groups affecting the speech function 

The results of our study confirm the information in the specialized 

literature that compared to the missing mandibular incisors, missing maxillary 

incisors have significantly stronger effect on the gravity of the articulation 

disorder. This is due to the fact that mandibula is much more engaged in 

articulation, especially of consonants. 

 According to 83.90 % of the dental practitioners and 41.70 % of the dental 

technicians, the fabrication material of the denture affects the speech function 

(fig. 13). 

 

 
 

Fig. 13.  The fabrication material of the denture affects the speech function 

 

We detect that the opinion of two observed groups of professionals vary 

largely (χ
2
=68.63; р < 0.001). The bigger part of the dental technicians think that 

the speech function is not affected by the  fabrication material of complete 

dentures (47.60 %). 
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 According to a great part of the dental practitioners (95.10 %), the 

restoration of the speech function with dental prostheses has a major role in the 

emotional and social status of the patients. 

 For 4.10 % of the inquired, no actual relation between  the emotional and 

social status of the patients, and the restoration of the speech function exists. 

4.2. Results and discussion on Objective 2 

4.2.1. Task 1 

 

Using spectral analysis, we study the effect of dental prosthesis on the 

speech function changes, predominantly – the sound frequency (F0) in 

articulation of separate words pronounced by patients with thin and such with 

thick dentures. 

 Fig. 14. represents a comparative analysis of the pronunciation frequency 

with males, and the results are given for the respective thickness of denture plate 

(thin and thick) on the first day of denture insertion compared to the norm. As 

the presented data shows, in all test words a statistically significant difference is 

found between the pronunciation frequency of consonants in patients with thin 

and respectively – thick dentures (р < 0,05) compared to the norm.  
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Fig. 14. Average values of F0 for each word on day 1 with male patients 

 

In patients with thick denture plates, the highest consonant frequencies are 

found. 

 

 In fig. 15, the results from day 45 from denture insertion are represented. 

As the data shows, no significant difference in frequency is found in patients 

with thin dentures compared to the norm . We find that with these patients, 

alignment with the norm is achieved. In the patients with thick dentures, the 

significant difference against the norm (р < 0.05) persist in spite of the 

improvement in comparison to day 1 of denture placement. 
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Fig. 15. Average values of F0 for each word on day 45 with male patients 

 

 

 In the word [skrəpta] (скръбта), a significant change is present in the 

patients with thin dentures – the frequency is lowered by 15.94 %, while in the 

patients with thick dentures, the frequency is lowered only by 10.53 %. 

A similar tendency is found in the analysis of the variation of 

pronunciation frequency with the other consonants as well, and in the word 

[Teʃka](Тежка), the difference with thin dentures is 12.8 %, and with thick 

dentures is 7.03 %. 

 

In fig. 16, the results of the analysis of the pronunciation frequency of 

consonants in female patients with thin and such with thick dentures are 

represented. The results are analogical with those of the male patients. 

122.37 

127.55 

126.92 

122.03 

130.59 

128.25 

127.71 

125.67 

129.01 

129.02 

123.57 

132.4 

133.34 

127.78 

168.25 

156.38 

158.92 

141.87 

148.32 

165.39 

153.66 

0 20 40 60 80 100 120 140 160 180

[Skrəpta] (Скръбта) 

[Teʃka](Тежка) 

[Vrəska] (Връзка) 

[Lamarina] (Ламарина) 

[Tsiklama] (Циклама) 

[ʃtastie] (Щастие) 

[Bridʒ] (Бридж) 

With  denture thickness of 2.1-2.6 mm With denture thickness of 1.5-2.0mm  norm



17 
 

 
Fig. 16. Average values of F0 for each word on day 1 with female patients 

 

In fig. 17 the comparative analysis of the pronunciation frequency of 

consonants on the day 45 after denture placement is represented, and the result 

proves that in female patients with thin dentures, frequency is close to that in the 

norm. 
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Fig. 17 Average values of F0 for each word on the day 45 with female patients 

 

Analyzing the change in pronunciation frequency of consonants on day 

45, compared to day 1 of denture placement and denture thickness, in the word 

[Skrəpta] (Скръбта), a significant change is present in the patients with thin 

dentures – on the day 45 the frequency is lowered by 13.20 % , while in the 

patients with thick dentures (2.1 – 2.6 mm), the decrease is only by 4.48 %. 

 In the words [Teʃka](Тежка), [Lamarina] (Ламарина) and [Bridʒ] 

(Бридж), the patients with thin dentures demonstrate a larger relative share of 

decrease in frequency of pronunciation than the patients with thick dentures 

(respectively 15.25 %, 13.76 % and 16.42 % with the thin dentures, and 

10.38 %, 5.43 % and 6.25 %  with the thick dentures).  

In the word [Vrəska] (Връзка), we see decrease in pronunciation 

frequency with both groups of patients (12.96 % with the thin dentures, and  

6.85 %  with the thick dentures). 
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 Similar results are obtained from the analyzing of the words [Tsiklama] 

(Циклама) and [Shtastie] (Щастие), where on day 45 the pronunciation 

frequency in patients with thin dentures decreases (respectively 16.19 % in the 

first word and 14.05 % in the second word), while in the patients with thick 

dentures, a higher frequency is observed and therefore – lower rate of decrease 

(11.33 % in the first word and 9.46 % in the second one). 

 

4.2.2. Task 2 

 In this study we use software tools (Speech Analyzer and TREFL) that 

allow highly informative visualization and objective quantitative evaluation in 

comparing various sound realizations, more particular we use spectral analysis. 

The software system puts the raw data through mathematical processing to 

smooth the pitch contour, thus eliminating the errors due to algorithm 

imperfections, by excluding the extreme values and therefore no statistical 

treatment of the acoustic analysis raw data is necessary. 

As far as the consonants are concerned, most sensitive to changes are: [s], 

[z], [t], [d], [ts], [t ʃ], [ʃ] [r], [l], and [n]. 

 Within this row, the most affected are: [s] and [z] whose articulation 

requires a passage to be formed between the tip of the tongue and the alveolar 

ridge (fig. 18). 

 In prosthetic treatment with complete dentures, often hissing is observed 

during pronunciation. In the presence of complete dentures in the oral cavity, the 

spectrum of the consonants [s] and [z] demonstrates a defuse structure, i.e. it is 

in the low and in the high frequency, with certain frequency concentration 

around 5000 Hz. Namely the decreased frequency values give the impression of 

muffled pronouncing of the consonants [s] and [z] and hissing effect in the 

speech. 

 

 

Fig. 18. Position of the tongue in 

articulation of the consonants [s], [ʃ] and 

[z] 
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Fig. 19. Sound waveform of a given word (1),  Spectrogram of that word (2), 

Spectrum of the observed sound in that word (3) and Intensity of that word (4) 

 

 For an extensive evaluation of the difference between two sounds at a 

given point in time, the difference between their spectral curves is used. In this 

research, that difference is represented in qualitative terms through the area 

enclosed by the two curves (one arbitrary unit of area is equal to 1 pixel). 

 

Comparison of spectrum in female patients with thick and with thin 

dentures 

 

 
 

Fig. 20. Sound waveform of the word [skrəpta] (скръбта) ; Spectrogram of 

the word; Spectrum of the sound [s] in the word, day one (blue), norm (red), and 

mean area strip of 2.5 mm (5430 AUA); Intensity of the word 
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Fig. 21. Sound waveform of the word [skrəpta] (скръбта); Spectrogram of the 

word; Spectrum of the sound [s] in the word, day one (blue), norm (red), and 

mean area strip of 1.6 mm (3075 AUA); intensity of the word 

  

 

 

 
 

Fig. 22. Sound waveform of the word [skrəpta] (скръбта); Spectrogram of the 

word; Spectrum of the sound [s] in the word, day 45 (blue), norm (red), and 

mean area strip of 2.5 mm (3464 AUA); Intensity of the word 
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Fig. 23. Sound waveform of the word [skrəpta] (скръбта); Spectrogram of the 

word; Spectrum of the sound [s] in the word, day 45 (blue), norm (red), and 

mean area strip of 1.6 mm (2535 AUA); intensity of the word  

  

 

Comparison of spectrum in male patients with thick and with thin dentures 

 

 
 

Fig. 24. Sound waveform of the word [ʃose] (шосе); Spectrogram of the word; 

Spectrum of the sound [ʃ] in the word, day one (blue), norm (red), and mean 

area strip of 2.5 mm (8874 AUA); Intensity of the word 
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Fig. 25 Sound waveform of the word [ʃose] (шосе); Spectrogram of the word; 

Spectrum of the sound [ʃ] in the word, day one (blue), norm (red), and mean 

area strip of 1.6 mm (3791 AUA); intensity of the word 

 

 

 

 
 

Fig. 26. Sound waveform of the word [ʃose] (шосе); Spectrogram of the word; 

spectrum of the sound [ʃ] in the word, day 45 (blue), norm (red), and mean area 

strip of 2.5 mm (3998 AUA); intensity of the word 
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Fig. 27. Sound waveform of the word [ʃose] (шосе); Spectrogram of the word; 

Spectrum of the sound [ʃ] in the word, day 45 (blue), norm (red), and mean area 

strip of 1.6 mm (1673 AUA); Intensity of the word 

 

With complete dentures, the consonants [d] and [t] have in their spectrum 

not only the explosive noise but also fricative noise at around 4000 Hz. The 

presence of that additional noise brings about the auditory effect of hissing that 

causes close resemblance to the consonant [ts], however without complete 

coinciding. (fig. 28) 

 

 

Fig. 28. Position of the tongue in 

articulation of the consonants [d], [t] and 

[n] 

 

The consonants [r] and [l], in patients treated with complete dentures, 

have in their characteristics an additional noise superposed on the formants, 

producing in this way an impression of stronger consonantism in their 

pronunciation, especially with the sound [r] (fig. 29) 

 

Fig. 29. Position of the tongue in 

articulation of the consonants [r] and [l] 
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The articulation of the sound [l] is relating to the arrangement and size of 

the frontal teeth, and it could be affected by protruding frontal teeth in the dental 

prosthesis. 

 The results of the spectral analysis confirm the conclusions drawn from 

the analysis of the fundamental frequency – initial temporary deterioration of the 

quality of speech sounds and gradual restoring to normal, which in thin dentures 

happens at a faster rate. 

 

 4.2.3. Task 3 

 The exploration of the formant structure is the best method to prove the 

relation between the acoustic study of the speech sounds with the rest stages of 

the speech communication – articulation and perception (aural perception 

through the auditory system). An impressive feature of the formant structure is 

the fact that highly reliable data on the vocal tract configuration can be derived 

from it as well. 

This study proves, by analyzing the format structure of vowels, that they also 

change immediately after denture placement and during adaptation period, 

although to a lesser degree than consonants. 

 

 Speech Analyzer – TREFL provides in the right foot corner of the screen 

an automatic representation of the frequencies of the vowels formants F1, F2, … 

(fig. 30). 

 

 

Fig. 30 Formant structure of the vowel [i] in the word [tri] (три)  

 

For the sake of clarity, in the figure below, only the dot plot is given for 

the vowels in the coordinate system F2/F1. 
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 Note: The unusual choice of the coordinate axes (F2/F1, instead of F1/F2) 

has the purpose to use the analogy between the acoustic triangle of vowels and 

the articulation diagram resulting from the aggregate points of articulation of the 

vowels (the strongest narrowing in the oral cavity in each vowel) in the plane of 

vertical longitudinal section of oral cavity. 

 

 

Fig. 31 Dot plot for the vowels in the  F2/F1 coordinate system  

 
Fig. 32. Two-formant model of the sound [i] in the word [tri] (три)   – a male 

patient with a thick denture: red – without a denture, green – day one of denture 

placement, blue – day 45 

 

Table 2 – The numerical values of fig. 32 

[tri] (три) F1, Hz F2, Hz 

Linguistic norm (according to publications) 315 1987 

Vowel [i] before denture placement 375 1921 

Vowel [i] after denture placement – day 1 364 1774 

Vowel [i] after denture placement – day 45 338 1986 
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The vowel [i] in male patients with thin dentures demonstrates the highest 

values for F2. On pronouncing the vowel [i] on day 45, F1 is considerably close 

to the norm. Compared to that, in male patients with thick dentures, on day 45 

the value of F1 is higher. 

 

 
Fig. 33 Two-formant model of the sound [i] in the word [tri] (три)  – a male 

patient with a thin denture: red – without a denture, green – day one of denture 

placement, blue – day 45 

 

Table 3 – The numerical values of fig. 33 

 

 

 
Fig. 34. Two-formant model of the sound [e] in the word [dve] (две) – a  female 

patient with a thin denture: red – without a denture, green – day one of denture 

placement, blue – day 45 

 

[tri] (три) F1, Hz F2, Hz 

Linguistic norm (according to publications) 315 1987 

Vowel [i] before denture placement 368 2005 

Vowel [i] after denture placement – day 1 322 1740 

Vowel [i] after denture placement – day 45 318 1932 
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Table 4 – The numerical values of fig. 34 

 

[dve] (две) F1, Hz F2, Hz 

Linguistic norm (according to publications) 418 2064 

Vowel [e] before denture placement 406 2139 

Vowel [e] after denture placement – day 1 310 2060 

Vowel [e] after denture placement – day 45 419 2038 

 

 
Fig. 35. Two-formant model of the sound “e” in the word [dve] (две)  – a female 

patient with a thick denture: red – without a denture, green – day one of denture 

placement, blue – day 45 

 

Table 5 – numerical values of fig. 35 

 

[dve] (две) F1, Hz F2, Hz 

Linguistic norm (according to publications) 418 2064 

Vowel [e] before denture placement 419 1964 

Vowel [e] after denture placement – day 1 564 2038 

Vowel [e] after denture placement – day 45 397 2113 

 

The results from the vowel study confirm the tendency of patients with 

thicker dentures to pronounce the vowels at higher frequency, unlike those with 

thinner dentures, who tend to pronounce the vowels at lower frequency. 

 The difference in frequency on day 1 and day 45 from denture placement 

is less significant against the linguistic norm than that of the fundamental 

frequency change in consonants. 

 The formant structure analysis shows that vowels, too, undergo changes 

with denture placement, to a lesser degree though than consonants. 
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4.3. Results and discussion on Objective 3 

 

 The finding is that the denture plate should be as thin as possible to 

minimize the impact on the capacity of oral cavity and on the movement of the 

tongue during articulation, without compromising the capability to withstand the 

deformation resulting from the masticatory forces. At this stage of development, 

the optimal denture plate thickness necessary for the faster phonetic adaptation 

of patients has not been defined and scientifically sustained. 

 In our study, the word [vrəska] (връзка) is the one where significant 

difference is seen in the pronunciation frequency in male and female patients 

with thin and with thick dentures (р < 0.01)(fig. 36 and fig. 37). In both male 

and female groups, the individuals with thick dentures demonstrate higher 

frequencies of the voice. With females this difference is around 40-50 Hz, and 

with males – around 30 Hz. 

 
 

Fig. 36. Tracing the changes of F0 in the speech of female patients – in the word 

[vrəska] (Връзка) 

 
 

Fig. 37. Tracing the changes of F0 in the speech of male patients – in the word 

[vrəska] (Връзка) 
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denture

day 1-5 day 15-20 day 30-35 day 40-45

Total 153.43 197.86 190.07 181.04 173.93

With thin dentures 152 163.82 154.01 145.07 142.91

With thick dentures 154 214.21 207.38 198.3 188.82
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The word [Bridʒ] (Бридж) pronounced by female patients demonstrates a 

great difference in the pronunciation frequency between thin and thick dentures 

(р < 0.001), and that difference is some  69 – 112 Hz (fig. 38). The greatest 

difference in frequency is observed between day 1 and day 15 from denture 

placement (112.1 Hz and 95.25 Hz). 

In contrast to the female group, the results of the male group are not that 

distinguishing between the patients with thin and those with thick dentures (fig. 

39). The difference in frequency between thin and thick dentures is around 30 - 

40Hz (р < 0.01). 

 
 

Fig. 38 Tracing the changes of F0 in the speech of female patients – in the word 

[Bridʒ] (Бридж) 

 

 
 

Fig. 39. Tracing the changes of F0 in the speech of male patients – in the word 

[Bridʒ] (Бридж) 

 

Without
denture

day 1-5 day 15-20 day 30-35 day 40-45

Total 140.58 234.18 221.18 205.34 196.22

With thin dentures 140.08 161.65 159.53 148.74 151.55

With thick dentures 139.5 273.75 254.82 236.21 220.58
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In fig. 40, 41 and 42 the vowel analysis results with female patients are 

represented. No significant difference is found between thin and thick dentures, 

except for the day 1 from denture placement. 

 
 

Fig. 40.  Tracing the changes of F0 in the speech of female patients – in the 

word [dve] (две) 

 

 

 
 

Fig. 41.  Tracing the changes of F0 in the speech of female patients – in the 

word [nula] (нула) 

 

 

Analysis of the vowels [e] and [u] shows that the tendency of female 

patients with thicker dentures to pronounce them at a higher frequency persists. 

 The word [start] (старт), is used to explore  the pronunciation of the 

vowel [a] ( fig. 42). Besides the absence of any expressed difference in the 
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frequency, we find that from time to time, the frequencies in the two groups – 

thin dentures and thick dentures – converge. 

 

 
 

Fig. 42.  Tracing the changes of F0 in the speech of female patients – in the 

word [start] (старт) 

 

 In contrast to the female patients group, in the male group a considerable 

difference in the pronunciation frequency of the vowels [i], [e] and [u] 

throughout the entire adaptation period of the observed patients is evident (р < 

0.05), while with the vowel [o], statistically important difference is found only 

on day 30 and day 45 (р<0.05) (fig. 43, 44, 45 and 46). Male patients with thin 

dentures tend to have lower pronunciation frequencies of vowels compared to 

those with thicker dentures. The difference between the said groups in the 

frequency of the word [tri] (три) is around  30 – 50 Hz, in the word [dve] (две) 

it is around 10 – 30 Hz, and in the word [nula] (нула) – 30 – 45 Hz. In the word 

[edno] (едно), the difference between day 30 and 45 is 10-30 Hz. 
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Fig. 43. Tracing the changes of F0 in the speech of male patients – in the word 

[tri] (три) 

 

 
 

Fig. 44. Tracing the changes of F0 in the speech of male patients – in the word 

[dve] (две) 
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Total 157.54 173.81 165.18 168.46 152.93
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Fig. 45. Tracing the changes of F0 in the speech of male patients – in the word 

[edno] (едно) 

 

 
 

Fig. 46. Tracing the changes of F0 in the speech of male patients – in the word  

[nula] (нула) 

 

Analyzing the vowel [a] in male patients, like in the females, with thin 

and with thick dentures no significant change of pronunciation frequency in the 

word [start] (start) is found, and the result graphs for the observed period are 

converging. (fig. 47) 
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Fig. 47. Tracing the changes of F0 in the speech of male patients – in the word 

[start] (старт) 

 

The results of our vowel analysis in female patients with complete denture 

of thickness 2.1 – 2.6 mm, and in male patients regardless of the denture 

thickness, correspond with the data reported by G. Georgiev in 1978. In the 

pronunciation of the vowels [e] and [i] with complete dentures, the frequency is 

affected. The observed tendency is that of vowel [i] approximating the 

pronunciation of the vowel [e]. The reason for this is the narrowing caused by 

the denture in the anterior section of the vocal tract. 

 In the articulation of the vowel [a] we do not find any significant 

differences in the frequencies with thin dentures – 1.5-2.0 mm and thick 

dentures – 2.1.-2.6 mm, only a slight decrease is observed at the end of the 

adaption period. Similar results regarding treatment with complete dentures are 

reported by G. Georgiev as well. 

On the other hand, Georgiev sustains that the impairment of the 

articulation of the vowels [o] and [u] resulting from complete dentures is the 

least expressed from all vowels. This is confirmed by the results in our research, 

where no notable frequency difference is found in patients with dentures on day 

45 and those with intact dentition – both with male and female patients. 

One of the recorded ten sentences - “Tri, dve, edno, nula, start!” (Три, 

две, едно, нула, старт!) analyzed for one of the patients with the denture in 

place is represented here. This sentence is short and at the same time it contains 

all vowels (except for /Ə/ (ъ) ) in a stressed position. The first recording is made 

with the denture immediately upon its placement. On the same day, the 

recordings without denture (completely edentulous patient) are made. New 

recordings with the denture in place are made on day 45, when the patient has 

regained his comfort in the mastication and speech function. 
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 The speech difficulties in the patient immediately after placing the denture 

are objectified through spectral analysis with the software tools Speech analyzer 

and TREFL. 

 Those difficulties and their acoustic expression are missing at the end of 

the adaptation period (45 days in this case). Besides the need for developing new 

articulation skills, the difficulties can be attributed to the psychological stress, as 

well. Certain physiological effects of this stressed are well known – higher 

acidity of the gastric juice and increased laryngeal muscle tension causing raise 

in the fundamental frequency, hence – deterioration of the phonetic 

characteristics of speech. In fig. 48 and 49, the graph of speech with dentures is 

given in red, and without dentures – in black. The signs -/+ designate 

“without/with denture”, and the signs -/++ designate “without/with denture 

following adaptation”. All graphs are supported by a table of the numeric values 

for the black and the red one respectively. The time parameter is in intervals of 

20 ms, and for each interval the mean fundamental frequency in Hz is 

calculated. When superposing the separate graphs, in most cases manipulation of 

the time scale is possible to obtain better coinciding of the central axes – the F0 

parameter that is in our focus. Actual data of the duration is given in the time 

column of the tables. This information – prolonged and normal duration of 

utterance before and after adaptation respectively, as well as the F0 data is 

indicative for the systematic speech impediments before and their absence (in 

case of positive outcome of the treatment) after  the adaptation period. 

The same conclusion ensues from the last figure – 50 and its table data 

that summarizes the results for the fundamental frequency and visualizes the 

discovered statistical tendencies, proven by the present results to be consistent 

patterns. 

 

 

Fig. 48 Fundamental frequency contour of the word [tri] (три) -/+ 
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Table 6 – The numeric values in fig. 48, 20 ms interval 

 

Time 

(ms) 

Pitch 

(Hz) 

Time 2 

(ms) 

Pitch 2 

(Hz) 

41.932 175.2 45.820 201.5 

41.952 175.1 45.840 199.6 

41.972 173.6 45.860 199.4 

41.992 169.7 45.880 205.9 

42.012 166.8 45.900 213.1 

42.032 181.9 45.920 218.5 

42.052 194.9 45.940 225.4 

42.072 202.1 45.960 228.1 

42.092 205.4 45.980 228.7 

42.112 206.3 46.000 228.5 

42.132 200.2 46.020 225.5 

42.152 193.9 46.040 221.7 

42.172 187.6 46.060 217.3 

42.192 174.0 46.080 220.0 

 
186.2 46.100 225.3 

 
  46.120 226.4 

 

  45.800 198.2 

 

  

 
216.7 

 

 

 

Fig. 49 Fundamental frequency contour of the word [tri] (три) -/++ 
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Table 7 – The numeric values in fig. 49, 20 ms interval 

Time 

(ms) 

Pitch 

(Hz) 

Time 2 

(ms) 

Pitch 2 

(Hz) 

41.932 175.2 47.703 197.0 

41.952 175.1 47.723 191.2 

41.972 173.6 47.743 183.8 

41.992 169.7 47.763 186.1 

42.012 166.8 47.783 196.4 

42.032 181.9 47.803 205.5 

42.052 194.9 47.823 206.8 

42.072 202.1 47.843 204.1 

42.092 205.4 47.863 202.2 

42.112 206.3 47.883 200.4 

42.132 200.2 47.903 198.6 

42.152 193.9 47.923 194.5 

42.172 187.6 47.943 193.3 

42.192 174.0 

 

196.9 

 

186.2 

 

  

 

In fig. 48, the first graph represents the sound waveform, and in the 

second part the two melodic curves (the variation of F0 in time) – without 

dentures and upon denture placement – are superposed. It is seen therefrom that 

F0 values with dentures are significantly higher throughout the entire duration of 

utterance.  

The graph in fig. 49 refers again to the word [tri] (три), but the melodic 

curves have higher values and illustrate the results following the adaptation 

period with the denture and without it. The mean F0 remains higher with 

dentures, however insignificantly. For the rest words in the sentence, the applied 

method is analogical as with the illustrated word [tri] (три). 

 

Table 8 – Summary results of the fundamental frequency. 

 
F0 (Hz) – Mean 

value / Utterance 

Without 

dentures 

With dentures before 

completion of adaptation 

With dentures following 

adaptation 

[Tri, 186.2 216.7 196.9 

dve, 198.7 210.4 185.4 

edno, 171.4 194.8 175.2 

nula, 170.9 191.9 182.9 

Start] 174.1 201.6 178.9 
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Fig. 50 Fundamental frequency contour 

 

4.4. Result s and discussion on Objective 4 
 Referencing the studied linguistics publications, we need to set forth 

certain basic terms concerning the theme of our investigation. 

 When Arabic is referred to, we mean the modern literary language that is 

the official language of all Arab countries. 

 Of the two existing transliteration methods of the Arabic words (in Latin 

alphabet and in Cyrillic alphabet), in the original Bulgarian version of this 

research study it is adopted the variant of P. Samsareva – transcribing the 

Arabic consonants and vowels with Cyrillic letters. 

 

In the Arabic system of consonants, there are interdental, postvelar, 

pharyngeal and laryngeal consonants that are missing in the Bulgarian phonetic 

system. 

 

With interdental sounds in Arabic, as  „ث“ (

C ) “ظ„ and (Ҙ) “ذ„ , (


З ) in 

some dialects, the position of the tongue is between the upper and the lower 

frontal teeth, therefore it can supply information about the labio-lingual position 

of the frontal teeth. When teeth are incorrectly arranged in the denture, the 

articulation of these sounds may cause its destabilizing and affect the 

articulation itself. The same refers to the palato-lingual sounds within the area of 

the vibrating line and the soft palate „خ“(Х), „ح“ (

Х ) “ق„ ,(


К ) “غ„ ,(


Г  “ع„ ,(

(،). These sounds are lesser issue regarding prosthodontics, to the exception of 

when the posterior palatine seal engages the soft palate. 
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Specifics of the Bulgarian language is the presence of the stressed vowel  

[ə] (ъ), which is missing in the phonetic systems of the other Slavic languages. 

The correlation that exists between it and the vowel [a] (a) within the vocal 

system is a typical feature of the Bulgarian vocalism. The Bulgarian [ə] (ъ) 

sound when unstressed, actually exists in the Arabic language as a variant of the 

[a] phoneme in a position after an emphatic consonant, however it is not an 

actual phoneme on its own, that is why Arab speakers of Bulgarian often 

pronounce [praf] (прав) instead of [prəf] (пръв), [maka] (мака), instead of 

[məka] (мъка), [san] (сан) instead of [sən] (сън), etc. 

  

In Arabic, the Bulgarian consonants [п, в, ж, ч, ц, дз, г] [p, v, ʒ, tʃ, ts, dz, 

g] are missing. It is natural that when certain phonemes are not in the phonetic 

system of the mother language acquired in childhood, as the case with Arabic in 

which [p] and [b], [v] and [f], etc. are not phonological correlates, foreign 

language speakers shall not be able to distinguish them in the Bulgarian 

language, where in a strong position they are meaning relevant: [bor](pine-tree) 

– [por](polecat); [tom](tome) – [dom] (home), etc. 

An important distinction of Arabic consonant phonemes compared to the 

Bulgarian ones is the opposition emphatic–nonemphatic. The Arabic consonants 

[

Т ], [


D ], [


S ], [


Z ] are emphatic (tense). In their articulation, the back of the 

tongue is arched against the soft palate and all organs of articulation are strained. 

 The modern Bulgarian phonetic law of assimilation, in particular – the 

devocalization of the voiced consonants at the end of words is not valid for 

Arabic. While in Bulgarian vowels influence the preceding consonants, in 

Arabic it is the opposite case – consonants influence the following vowels. 

 In Table 9, the Bulgarian and the Arabic consonants are displayed from 

the perspective of their place and mode of articulation. 
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Table 9 – Comparison of the Bulgarian and the Arabic consonants 

 

The following phonemes, minimal pairs and multiple oppositions should 

be taken into account when selecting linguistic material for training the 

perception skills by using interactive linguistic tasks and games: 

 

Table 10 – Phonemes and phonemic oppositions 

PHONEMES PHONEMIC OPPOSITIONS 

Vowels Consonants Minimal pairs Multiple oppositions 

[е][e] [п][б]  [p][b] [о::у]  [o::u] [е::и::ъ] [e::i::ə] 
[ъ][ə] [к][г]  [k][g] [ф::в]  [v::f] [п::б::в] [p::b::v] 
[о][o] [ф][в]  [f][v] [к::г]  [k::g] [з::с::ц] [z::s::ts] 
 [ш][ж]  [ʃ][ʒ]  [ж::ш::ч] [ʒ::ʃ::tʃ] 
 [дз][ц]  [dz][ts]   

 [ч]  [tʃ]   
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Using spectral analysis, we investigate the effect of prosthetic dentures on 

the changes which the speech function undergoes, with a special focus on the 

fundamental frequency (F0) in pronunciation of particular test words by patients 

with thin and with thick dentures. 

 In fig. 51 the results of the comparative analysis of the word „sual (سؤال)“ 

pronounced by male Arabic speakers with thin and with thick dentures are 

represented. The comparative analysis of the two groups of patients shows a 

significant difference throughout the entire period of observation (р < 0.001), 

where the males with thick dentures tend to pronounce with higher frequency 

compared to those with thin dentures. In average, the male patients with thin 

dentures pronounce at a frequency by 30-40 Hz lower than their peers with thick 

dentures. On day 45 the difference in frequency is 31 Hz. 
 

 
 

Fig. 51  Tracing the changes of F0 in the speech of male patients – in the word 

“SUAL” (سؤال) 

 

In fig. 52.  the results of the comparative analysis of the word „tayar(تيار)“ 

for male patients with thin and with thick dentures are represented.  A great 

difference is seen in the pronunciation frequency of the word „tayar“ (р < 0.01)  

where the individuals with thick dentures have higher pronunciation frequency. 

The difference is fairly consistent during the observed period, and it is around 30 

Hz. 

Without
denture

day 1-5 day 15-20 day 30-35 day 40-45

Total 134 148.3 140.77 134.47 131.16

With thin dentures 134.5 132.3 127.11 121.98 118.44

With thick dentures 133.3 171.57 160.65 152.65 149.66
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Fig. 52  Tracing the changes of F0 in the speech of male patients – in the word 

“TAYAR“ “(تيار) 

In the word „zilzal (زلزال)“ major difference in the pronunciation 

frequency is observed between the groups of male patients with thin and with 

thick dentures (р < 0.01) (fig. 53). Those with thick dentures demonstrate higher 

frequency and the difference is 27.54 Hz. 

 

 
 

Fig. 53  Tracing the changes of F0 in the speech of male patients – in the word 

“ZILZAL” (زلزال) 

 

The word „shabab (شباب)“  shows a significant difference in the pronunciation 

with thin and with thick dentures (р < 0.001), and that difference is 29.42 Hz 

(fig. 54). 

Without
denture

day 1-5 day 15-20 day 30-35 day 40-45

Total 137.56 153.39 146.2 140.62 136.13

With thin dentures 136.1 138.15 132.47 127.86 122.75

With thick dentures 137.9 172.15 163.09 156.32 152.59
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denture

day 1-5 day 15-20 day 30-35 day 40-45

Total 126.77 143.05 138.19 134.51 130.78
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With thick dentures 127.1 167.66 159.58 154.09 147.73
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Fig. 54  Tracing the changes of F0 in the speech of male patients – in the word 

“SHABAB” (شباب) 

 

In fig. 55 there are illustrated the results from the analysis of the word  

„huia (هوية)“, where on day 45 of the observation period, an indicative difference 

is noted (р<0.01). 
 

 
 

Fig. 55.  Tracing the changes of F0 in the speech of male patients – in the word 

“HUIA” (هوية) 

 

 

 

Without
denture

day 1-5 day 15-20 day 30-35 day 40-45

Total 139.14 156.84 151.8 148.09 145.44

With thin dentures 138.3 143.84 139.53 134.69 132.25

With thick dentures 140 172.83 166.91 164.59 161.67
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In fig. 56, the comparative analysis of the frequency in consonant 

pronunciation of male patients on the first day of denture placement is 

represented by denture thickness (thin and thick) against the norm. As illustrated 

in the diagram, in all test words, a statistically significant difference in the 

frequency of pronunciation of consonants is observed between the groups of 

patients with thin and with thick dentures (р < 0.05) compared to the norm . 

 

 
 

Fig. 56.  Average values of F0 for the test words on day 1 – male patients 

It is notable that with all test words, the results of all observed groups are 

above the norm, where in the group of thin dentures, the frequency rises from 

8.04 % in the word „lamie (المع)“ to 9.78 % in the word „tayar (تيار)“. In male 

patients with thick denture we find the same tendency, only with bigger rising in 

the frequency  - 12.65 % in the word „lamie (المع)“ and 15.43 % the word „tayar 

 .“(تيار)

 In fig. 57 the results of day 45 of the adaptation period are illustrated. As 

evident from the diagram with the test words, in the thin dentures group there is 

no considerable difference in frequency compared to the norm, therefore with 

these patients the adaptation is entirely fulfilled. 
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Fig. 57.  Average values of F0 for the test words on day 45 – male patients 

  

In the group of thick dentures, a significant difference in frequency 

against the norm is still observed (р < 0.05) although there is improvement 

compared to day 1 of denture placement. 

 In fig. 58 and Table 11 represented are the changes observed on day 1 and 

day 45 in the word „tayar (تيار)“ in an Arabic-speaking patient. 

 

 
 

Fig. 58. Fundamental frequency contour of the word „tayar (تيار)“  on day 1 and 

day 45 in an Arabic-speaking patient 
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Table 11 – The numeric values in fig. 58, 20 ms interval 

Time (ms) Pitch (Hz) Time 2(ms) Pitch 2 (Hz) 

0.003  0.002  

0.023 158.1 0.022 138.3 

0.043 148.1 0.042 130.8 

0.063 136.6 0.062 124.5 

0.083 133.8 0.082 122.5 

0.103 133.5 0.102 121.8 

0.123 135.5 0.122 122.2 

0.143 138.2 0.142 122.2 

0.163 141.1 0.162 122.9 

0.183 146.7 0.182 125.8 

0.203 148.4 0.202 127.8 

0.223 148.2 0.222 130.1 

0.243 149.7 0.242 130.9 

0.263 149.2 0.262 131.2 

0.283 148.8 0.282 132.3 

0.303 147.9 0.302 132.3 

0.323 147.9 0.322 131.4 

0.343 147.6 0.342 131.4 

0.363 146.7 0.362 132.6 

0.383 146.2 0.382 134 

0.403 146.5 0.402 136.5 

0.423 148.8 0.422 139.2 

0.443 150.9 0.442 144.2 

0.463 154.1 0.462 149.5 

0.483 153.5 0.482 150.5 

0.503 150.9 0.502 148.3 

0.523 157.3 0.522 153.4 

0.543 156.3 0.542 155.7 

0.563 155.5 0.562 153.2 

0.583 161.5 0.582 134.8392857 

0.603 166.1 0.602  

0.623 164.7   

0.643    

0.663    

0.683 154.4   

0.703 155.2   

0.723 156.7   

0.743 156.6   

0.763 149.748571   

0.783    

0.803    

0.823    
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In fig. 59 the comparative analysis of the frequency in vowel 

pronunciation of male patients on the first day of denture insertion is represented 

and а deviation from the norm in the group with thin and thick dentures is found. 

 In pronouncing the vowels [i] and [u], the patients with thin and with 

thick dentures tend to have higher frequency at the beginning of the adaptation 

period, while in the vowel [a], the deviation is minimal. 

 

 
Fig. 59. Average values of F0 for the test words on day 1 – male patients 

 

 On day 45 of the adaptation period, in all vowels a frequency drop is 

found (fig. 60). 

 
Fig. 60. Average values of F0 for the test words on day 45 – male patients 
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 The change of frequency in vowels [i] and [u] with the patients with thick 

dentures is respectively 4.57 % and 4.1 % , while in those with thin dentures 

it is 3.5 % and 3.3 % respectively. 

   

In fig. 61, the changes from day 1 to day 45 in the pronunciation 

frequency of the word „huia” (هوية)“ in a male Arabic-speaking patient are 

represented. 

 

 

 
 

Fig. 61 Fundamental frequency contour of the word „huia” (هوية)“  in a male 

Arabic-speaking patient on day 1 and day 45 of denture placement. 
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Table 12 – The numeric values in fig. 61, 20 ms interval 

Time 

(ms) 

Pitch 

(Hz) 

Time 2 

(ms) 

Pitch 2 

(Hz) 

0.003  0.003  

0.023 108.7 0.023  

0.043 110 0.043 105.5 

0.063 110.4 0.063 106.9 

0.083 113.6 0.083 110.1 

0.103 119.1 0.103 114 

0.123 126.5 0.123 117.8 

0.143 132.3 0.143 122.6 

0.163 140.5 0.163 126.1 

0.183 143 0.183 130.2 

0.203 141.6 0.203 132.4 

0.223 140.8 0.223 132 

0.243 140.1 0.243 131.7 

0.263 142.2 0.263 134 

0.283 145.9 0.283 138 

0.303 149.5 0.303 141.5 

0.323 151.8 0.323 140.9 

0.343 155.3 0.343 138.7 

0.363 155.1 0.363 133.9 

0.383 147.7 0.383 128 

0.403 138.3 0.403 123.8 

0.423 127.9 0.423 114.3 

0.443 115.3 0.443 111.3 

0.463 106.9 0.463 103.9 

0.483 99.2 0.483 97.6 

0.503 96.2 0.503 93.2 

0.523 92.7 0.523 88.9 

0.543 90.3 0.543 84.9 

0.563 88.1 0.563 82.2 

0.583 86.1 0.583 84.6 

0.603 84 0.603 80.4 

0.623 79.7 0.623 81.2 

0.643 65.5 0.643 84.3 

0.663 62.9 0.663 85.2 

0.683 118.4 0.683  

0.703  0.703  

0.723  0.723  

0.743  0.743  

0.763  0.763  

  0.783 25.7 

   109.8727 
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Exploration of the effect of the denture thickness on the spectrum of 

consonants 

 

 

 
 

Fig. 62. Sound waveform of the word „tayar” (طيار)“; Spectrogram of the word; 

Spectrum of the sound [

t ] in the word, day 45 (blue), norm (red), and mean area 

strip of 2.5 mm (5465 AUA); Intensity of the word 

 

 

 
 

 

Fig. 63 Sound waveform of the word „tayar” (طيار)“; Spectrogram of the word; 

Spectrum of the sound [

t ] in the word, day 1 (blue), norm (red), and mean area 

strip of 1.6 mm (4972 AUA); Intensity of the word 
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Fig. 64 Sound waveform of the word „tayar” (طيار)“; Spectrogram of the word; 

Spectrum of the sound [

t ] in the word, day 45 (blue), norm (red), and mean area 

strip of 2.5 mm (4563 AUA); Intensity of the word 

 

 
 

Fig. 65 Sound waveform of the word „tayar” (طيار)“; Spectrogram of the word; 

Spectrum of the sound [

t ] in the word, day 45 (blue), norm (red), and mean area 

strip of 1.6 mm (3599 AUA); Intensity of the word 
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Visualization of the articulation of single sounds of the Bulgarian and the 

Arabic languages 

 

 
 

http://vident.bg/alphabet/ 

Fig. 66. Visualization of the articulation of single sounds of the Bulgarian and 

the Arabic languages 

 

The visualization can guide the clinicians in distinguishing the articulation 

issues for the various speech sounds and contribute for the individual adaptation 

of patients. 

 

The visualization applied in language studies for learners of Bulgarian or 

Arabic promotes the faster and more accurate acquisition of the language. 

 

 

 

 

 

 

 

  

http://vident.bg/alphabet/
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 CONCLUSION 

 When edentulism is treated with removable complete dentures, aesthetics 

is recovered, gradually – mastication, and hardest of all – speech function. The 

reason is the decreased capacity of oral cavity, the shifted areas of articulation of 

tongue with palate and teeth. Adaptation period is necessary for the complex 

process of adaptation, which may vary in duration, and which depends on the 

patient’s motivation to undergo this shift, their personal abilities of overcoming 

stress, and most of all, it depends on the quality of denture fabrication and the 

achieved stability, etc. qualities. 

The questionnaire study among dental practitioners and dental technicians 

has revealed their high level of competency regarding the influence exerted by 

the removable complete dentures on the speech function. Analyzing the 

influence factors, the emphasis is on the denture thickness – the denture should 

be thick enough to endure the masticatory forces, yet thin enough to cause 

minimal articulation issues. 

 The speech functions in patients with complete dentures has been 

investigated applying the method of spectral analysis. A comparison of the 

sound frequency (F0) during utterance of a set of test words containing 

respectively the vowels and consonants of Bulgarian and Arabic pronounced by 

patients with thin and with thick dentures has been performed. 

   The acoustic analysis of sound in the pronunciation of patients with 

thin and with thick dentures applied in our research is an innovative method 

providing an objective qualitative evaluation of the speech changes by exploring 

the sound frequency, which rises with impaired articulation. Thanks to the 

specialized software tools, the recordings get statistically analyzed, processed, 

archived and stored for a subsequent reuse. From the performed investigation 

study, a relationship between the denture plate thickness and the speech sound 

frequency (Hz) has been discovered. In patients with thin dentures, the sound 

frequency is lower compared to the patients with thick dentures, and the 

differentiation in female patients is stronger (р < 0.001) than that in male 

patients ( < 0.01). The explanation for that is related to the sex-specific 

characteristics of speech due to the fact that female voices are higher-pitched. 

Speech changes are most notable on day 1 of denture placement. The most 

affected are the consonants: [s](с), [ʃ](ш), [z](з), [t](т), [ts](ц), [tʃ](ч), [d](д), 

[r](р), [l](л), [n](н). With some patients, a tendency of “hissing” has been 

observed, resulting from substitution of [z] by its correlate [s]. In order to avoid 

this hissing and overcome the mispronunciation of consonants, the air flow 

needs to be controlled by selecting the most appropriate longitudinal size of 

artificial frontal teeth and their correct arrangement on the alveolar ridge. 

 The changes in articulation of both male and female patients are less 

expressed with vowels, since their articulation does not employ active contact of 

the tongue to the palatal surface of teeth or the dental plate. 
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6. OUTCOMES 

 1. The questionnaire study on the level of awareness of dental 

practitioners and dental technicians regarding the importance of the various 

factors influencing the recovery of the speech function in prosthodontic 

treatment with removable dentures has proven high percentage of well-informed 

male and female professionals across the various age groups, especially among 

dental practitioners specializing in prosthetic dentistry. 

2. The adaptation of patients to removable complete dentures is a multi-

factor process, in which the speech function recovery is of major importance. 

 3. Spectral analysis has been proven to be an efficient method for the aims 

of this study – it is a comprehensive qualitative method of acoustic study of 

vowels and consonants. The digital recordings allow automatic processing, 

visualization and comparison of results. 

 4. The recovered articulation of consonants employing the tongue and the 

hard palate is the most significant test for the fulfillment of prosthetic 

adaptation, nevertheless not the only one. Complete dentures affect the phonetic 

aspect of speech in its entirety – consonants, vowels, fundamental frequency. 

 5. A quantitative relationship has been found between the denture plate 

thickness and the pronunciation sound characteristics, and the employed method 

has been validated. 

 6. The advantage of thin dentures (1.5 – 2 mm) for an easier and faster 

adaptation has been statistically confirmed. 

 7. Irrespective of the particular language specifics (Bulgarian or Arabic), 

the patients with thinner dentures adapt quicker, i.e. they recover at a faster rate 

the natural pronunciation of speech sounds. 

 8. Interdental sounds, typical for Arabic, are particularly relevant to the 

taking of occlusion and arranging the artificial teeth of the frontal segment. 
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7. CONTRIBUTIONS 

 

ORIGINAL CONTRIBUTIONS 

 1. For the first time in Bulgaria, there has been done a questionnaire study 

on the awareness of the dental practitioners and dental technicians of the 

complete denture related factors that influence the speech function of patients. 

 2. Unique exploration of the speech function for the Bulgarian and Arabic 

languages including patients – respectively speakers of Bulgarian and Speakers 

of Arabic – with complete dentures, and the application of new acoustic methods 

developed  specifically for this research has been performed. These methods 

have allowed to establish objectively new quantitative relationships between 

complete dentures and the quality of speech sounds. 

3. Speech analysis with removable complete dentures through various 

acoustic parameters: fundamental frequency, sound spectrum and vowel 

formants that has not been done to now. 

  

APPLIED SCIENCE CONTRIBUTIONS 

 1. The adaptation of speech function in patients with removable complete 

dentures is faster with denture plate thickness not exceeding 2 mm. 

 2. Spectral analysis using the software tools Speech Analyzer and TREFL 

is a modern, objective quantitative method of exploring the vowel and consonant 

articulation. This system provides contemporary (reliable, precise) evaluation 

methods of the speech sounds. 

 3.  Speech Analyzer и TREFL are used to evaluate the degree of recovery 

of the speech function in patients with removable complete dentures. 

 4. With the various acoustic parameters, an unambiguous correlation 

between denture thickness and quality of speech sounds has been ascertained: 

the deformity of spectrum, formant structure and the degree of increase of 

fundamental frequency raise with the increase of denture thickness. 

 5. With the various acoustic parameters, an unambiguous correlation 

between denture thickness and adaptation period for the speech recovery has 

been ascertained: the deformity of spectrum, formant structure and fundamental 

frequency value are normalized quicker with dentures of smaller thickness. 

 6.  The reason to include speakers of Arabic in the research is the 

significant difference in the phonetic systems of Arabic and Bulgarian. 

Nevertheless, the discovered consistent patterns are common for both languages, 

rendering further reliability of the results. Those speech sounds in the two 

languages – Bulgarian and Arabic –  which are considerably contrasting in their 

characteristics are visualized in articulation diagrams. 
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CONFIRMATORY CONTRIBUTIONS 

 1. The importance of the strictly observed clinical and laboratory rules for 

complete denture fabrication in the recovery of speech function of individuals 

with removable complete dentures is confirmed. 

 2. From the speech recovery perspective, the advantage of thinner 

dentures to thicker ones is confirmed. Confirmation is achieved by exploring 

various acoustic parameters. 
 

 

  



58 
 

8. RESEARCH WORKS RELATING TO THE DOCTORATE THESIS 

 

Full-text publications: 

 

1. Маджед Хусеин. Формантната структура като критерий за оценка на 

речта на пациенти с акрилови протези. Инфодент, 2019, XX;2(162):30-36. 

 

2. Маджeд Хусеин, Руси Николов „Акустично-перцептивна оценка 

на влиянието на зъбните протези върху артикулацията на звуковете в 

арабския език“ Научни трудове на Съюза на учените в България – Пловдив 

Серия Г. медицина, фармация и дентална медицина т. XXI. ISSN 1311-9427 

(Print), ISSN 2534 – 9392 (On – line). 2017 

 

3. Руси Николов, Маджед Хусеин, Акустично моделиране на гласните с 

отчитане на перцептивната интеграция на формантните зони, Пловдивски 

университет „Паисий Хилендарски“ – България, Научни трудове, том 55, 

КН. 1, СБ. Б. 2017 – Фиология. 

 

4. Majed Hussein, Ilian Hristov, Effect of removable complete dentures on 

the fundamental frequency of speech. Folia Medica 2020г., под печат. 

Participation in scientific forums: 

1. Маджед Хусеин, „Спектрографски анализ на говора при цели 

акрилови протези чрез формантна структура“,  Втори научен конгрес на 

ФДН – Пловдив, съвместно с РК на БЗС – Пловдив, „Наука и практика – 

ръка за ръка“ 12 – 13 април 2019 г.  

 2. Маджед Хусеин, Мариана Димова, „Обхващане на клапанна зона от 

ръба на протезната конструкция като фактор, влияещ върху говорната 

функция“, Втори научен конгрес на ФДН – Пловдив, съвместно с РК на 

БЗС – Пловдив,  „Наука и практика – ръка за ръка“ 12 – 13 април 2019 г.  

3. Маджед Хусеин, Руси Николов, „Акустичен анализ на говора при 

пациенти с тотални протези, изработени от акрилови и гъвкави 

пластмаси“, Първи научен конгрес на ФДН – Пловдив, съвместно с РК на 

БЗС – Пловдив, „Наука и практика – ръка за ръка“, 2018. 

4.  Hussein M, T. Mihailov, Comparison between the phonemic systems of 

the Bulgarian and Arabic literary languages in view of the functional – 

phonemic effectiveness of dental prosthesis. 3rd Balkan Congress of Medicine 

and Dentistry for Students and Young Doctors, Bursa, Turkey, November 5 – 7, 

1999. 


