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Abstract
BACKGROUND 
The pontic design of fixed dental prostheses (FDPs) is strongly associated with the 
phonetic function, and the phonetic function of anterior FDPs with different 
pontic designs remains understudied.

AIM 
To investigate the immediate and short-term influence of pontic design of anterior 
FDPs on Chinese speech in a clinical case using objective acoustic analysis.

METHODS 
Two FDPs with two types of pontic design (saddle pontic and modified ridge lap 
pontic) were fabricated for one patient with maxillary anterior teeth missing. The 
acoustic analysis of patient’s articulation was conducted immediately after 
wearing the FDPs and 1 wk after wearing these FDPs.

RESULTS 
The effect of FDP on Chinese vowels (/a/, /o/, /e/, /i/, /u/, and /ü/) was 
insignificant, because the recovery of vowel distortion occurred within 1 wk for 
both FDPs. Three (/f/, /s/, and /sh/) of eight Chinese fricative consonants were 
found to have obvious distortions, and the /s/ sound distortion last for more than 
1 wk for the patient wearing FDP with modified ridge lap pontic design.

CONCLUSION 
The influence of anterior FDP on articulation of Chinese vowels is insignificant, 
while the articulation of Chinese fricative consonants is more susceptible. When 
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fabricating anterior FDPs for patients with speech related professions, saddle 
pontic design can be an alternative option compared with modified ridge lap 
pontic design.

Key Words: Fixed dental prostheses; Acoustic analysis; Phonetic function; Pontic design; 
Clinical case study

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the first clinical case study to investigate the effect of two normal 
types of pontic design of anterior fixed dental prostheses (FDPs) on Chinese speech. 
Using objective acoustic analysis, we found that the effect of both FDPs on Chinese 
vowels was insignificant, while the /s/ sound distortion lasted for more than 1 wk for 
the patient wearing FDP with modified ridge lap pontic design. Therefore, when 
fabricating anterior FDPs for patients with speech related professions, saddle pontic 
design can be an alternative option compared with modified ridge lap pontic design.

Citation: Wan J, Cai H, Wang T, Chen JY. Influence of pontic design of anterior fixed dental 
prosthesis on speech: A clinical case study. World J Clin Cases 2021; 9(36): 11276-11284
URL: https://www.wjgnet.com/2307-8960/full/v9/i36/11276.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i36.11276

INTRODUCTION
Phonetic function is one of the most important factors during prosthodontic treatment. 
Since maxillary anterior teeth and palate space are a crucial articulation zone for 
speech production, great attention should be paid to the phonetic issue when dealing 
with maxillary anterior teeth missing. In specific cases, patients may have anatomical 
or economic limitations for selecting dental implant treatment, so removable partial 
denture (RPD) and tooth-supported fixed dental prosthesis (FDPs) are primary altern-
ations.

It has been well established that RPD can lead to speech distortion[1-4]. Unlike 
RPDs with different types of clasps and bases, FDPs are more aesthetic and may have 
less influence on speech. However, it has been known that design parameters of FDP 
can also lead to speech distortion[5-7]. For instance, Runte et al[5] reported that 
different angulation of maxillary incisors could affect the fricative sound; Julijana et al
[6] reported that the vestibular-oral diameter of FDPs have influence on the consonant 
articulation. Therefore, the design of FDPs is strongly associated with the phonetic 
function, especially when dealing with maxillary anterior teeth missing. In the 
aesthetic zone, the pontic of anterior FDPs directly contacts with the alveolar ridge, the 
tongue, and the airflow from the oral cavity during speech production, which may 
affect speech production. However, the phonetic function of anterior FDPs with 
different pontic designs remains understudied.

Commonly, anterior FDPs have two main types of pontic designs, which are saddle 
pontic and modified ridge lap pontic[8]. FDPs with saddle pontic design almost like 
natural teeth and form a large concave contact with the ridge. Modified ridge lap 
pontic possesses a nearly convex surface of the ridge, giving the illusion of a tooth. 
Therefore, patients with these two types of FDPs have different contours of the palate 
and morphologies of the lingual tooth surfaces, which may generate distinct influence 
on speech production. Further, it has been known that the recovery of speech 
distortions caused by dental appliances commonly occur within 3 mo[4,9,10]. 
However, for patients with speech related professions, the short-term effects of speech 
distortions caused by FDPs should be also taken into consideration. Therefore, the aim 
of this clinical case study was to investigate the immediate and short-term influence of 
pontic design of anterior FDPs on Chinese speech in a clinical case using objective 
acoustic analysis, which would be beneficial for the clinical settings of phonetic 
function restoration when dealing with maxillary anterior teeth missing.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i36/11276.htm
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MATERIALS AND METHODS
Patient information
A 41-year-old female patient who presented at the department of prosthodontics of the 
West China Hospital of Stomatology suffered from maxillary anterior teeth missing. 
The patient has worn an RPD for 4 years (Figure 1), and would like to restore her 
missing teeth in a fixed way. According to the clinical and radiographic examinations, 
both the maxillary central incisors and lateral incisors were missing, the labial 
maxillary bone was relatively thin, and there was an embedder supernumerary tooth 
in the palatal alveolar bone (cone beam computed tomography images shown in 
Figure 2).

Treatment
Several treatment options were presented to the patient, including extraction of the 
supernumerary tooth and the fabrication of implant-supported single crowns, 
implant-supported FDP, and tooth-supported FDP. The patient preferred to restore the 
missing teeth in a relatively easy way and selected the option of tooth-supported FDP. 
In consideration of the patient’s small anterior dental arc and two canines with strong 
roots, six-unit zirconia FDPs (Wieland Dental, Germany) with canines as abutments 
were determined to be fabricated. After preparation of the abutment teeth, a polyether 
definitive impression (Impregum Penta; 3M ESPE) was made and poured with Type 
IV dental gypsum (GC Fujirock EP; GC Europe NV). The cast was digitized with a 
laboratory scanner (3 Shape D2000; Denmark) and was then analyzed and designed 
using CAD software (3 Shape Dental System; Denmark). Two types of zirconia FDPs, 
one with saddle pontic and one with modified ridge lap pontic were fabricated using a 
CAD-CAM method. Briefly, the framework was milled using zirconia blocks (ZiroX; 
Wieland Dental) in a CAM system (DWX-52D; Japan). Porcelain (ZiroX; Wieland 
Dental) was then applied to the labial surfaces of the pontic and a colored glaze (ZiroX; 
Wieland Dental) was applied to all smooth surfaces of the FDP. Except for the different 
pontic designs, the design of the rest part of these two FDPs was kept consistent 
(Figure 3).

Articulation test and procedure
In order to investigate the immediate and short-term effect of pontic design on the 
Chinese speech, the acoustic analysis of patient’s articulation was conducted under the 
following four conditions: (1) Without wearing any prosthesis (Blank control); (2) 
Wearing the pristine RPD; (3) Immediately after wearing the FDP with saddle pontic 
(S-FDP) and the FDP with modified ridge lap pontic (M-FDP); and (4) 1 wk after 
wearing these two FDPs (S-FDP-1 and M-FDP-1). In order to prevent the bias caused 
by the interactions of these two FDPs, after wearing the S-FDP for 1 wk, the patient 
was required to wear the pristine RPD for one additional week before wearing the M-
FDP for the next one week.

During acoustic analysis, the FDPs were temporally cemented with dilute zinc 
polycarbonoxylate cement (3M ESPE). Six Chinese vowels (/a/, /o/, /e/, /i/, /u/, 
and /ü/) and eight Chinese voiceless (/f/, /h/, /s/, /sh/, /x/, /z/, /c/, and /r/) 
fricatives were tested, and five typical and frequently used words for each symbol 
(Table 1) were selected from a dictionary as a speech stimulus. The patient was asked 
to sit in an upright position, and the microphone was placed 10 cm away from her 
mouth. The speech samples were recorded using a high-quality microphone (Shure 
SM58; Shure Inc, Niles, Ill), which was connected to a Creative Sound Blaster Audigy 6 
USB Soundboard (Creative Technology Ltd, Singapore). Recordings were transferred 
to the computer with a 44.1 kHz sampling rate and 16 bits by Adobe Audition CS6 
(Adobe Systems, San Jose, Calif), and approximately 2 s of additional samples were 
recorded before reading for the purpose of noise reduction. Recorded samples were 
analyzed by their acoustic characteristics using Praat Software (version 5.4.21; 
Amsterdam, The Netherlands).

Acoustic analysis
Vowels were analyzed in terms of three formant frequencies (F1, F2, and F3), and 
linear predictive coding analyses were used to compare the variation among each 
group. Because upper boundary frequency (UBF) is usually used to describe the vocal 
characteristic of voiceless fricatives[11-13], eight fricatives were analyzed in terms of 
UBF. In these cases, voice samples were first converted to wide-band spectrogram, 
then fast Fourier transformation was used to locate the position of UBF.
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Table 1 Chinese phonetic alphabet of the tested vowels and fricative consonants

Chinese phonetic alphabet (Pinyin)

Vowels

/a/ /sha/ /fa/ /da/ /ba/ /ya/

/o/ /mo/ /po/ /bo/ /wo/ /huo/

/e/ /he/ /ge/ /se/ /ze/ /ke/

/i/ /bi/ /ji/ /di/ /li/ /pi/

/u/ /tu/ /shu/ /hu/ /zhu/ /pu/

/ü/ /yü/ /jü/ /qü/ /yü/ /lü/

Fricative consonants

/f/ /feng/ /fu/ /fen/ /fang/ /fa/

/h/ /huan/ /hu/ /hui/ /huang/ /huo/

/s/ /si/ /suo/ /song/ /san/ /sen/

/sh/ /shan/ /shuo/ /shan/ /shui/ /shi/

/x/ /xing/ /xiang/ /xu/ /xin/ /xue/

/z/ /zi/ /ze/ /zuan/ /zuo/ /zui/

/c/ /cui/ /cuo/ /ci/ /can/ /cai/

/r/ /rong/ /ren/ /rou/ /ruan/ /ri/

Figure 1 A patient with maxillary anterior teeth missing has worn a removable partial denture for 4 years.

Figure 2 Cone beam computed tomography images of the patient.

Statistical analysis
The data were analyzed using the SPSS 21.0 (SPSS Inc, Chicago, Ill) statistics package. 
Graphs were generated using GraphPad Prism software (version 8.0). One-way 
analysis of variance (ANOVA) tests with Tukey’s multiple comparisons test were 



Wan J et al. Effect of anterior FDP pontic design on speech

WJCC https://www.wjgnet.com 11280 December 26, 2021 Volume 9 Issue 36

Figure 3 Two removable partial dentures with two types of pontic design (saddle pontic and modified ridge lap pontic).

adopted to evaluate personal changes of each symbol. P < 0.05 was considered 
significant (Ns: Not significative; aP < 0.05; bP < 0.01). For the control group used in this 
study, the articulation of the patient wearing RPD was regarded as a reference for a 
standard phonetic function, because she had worn the RPD for 4 years and the 
recovery of major speech distortion was complete.

RESULTS
With regard to the vowels, expect for /u/, the format frequencies of other vowels 
(/a/, /o/, /e/, /i/, and /ü/) were at a normal level. As shown in Figure 4, for the 
/u/ sound, immediately after wearing S-FDP and M-FDP, the F1 frequencies 
increased and the F3 frequencies had a significant decrease. After 1 wk of adaptation, 
the F1 and F2 frequencies returned to the normal level.

With regard to the fricatives, three (/f/, /s/, and /sh/) of the eight voiceless 
fricatives were found to have obvious distortions. As shown in Figure 5, when 
wearing S-FDP, the UBF of the /f/ sound showed a substantial increase, whereas the 
UBF of the /f/ sound when wearing M-FDP significantly dropped. After 1 wk of 
adaptation, both /f/ sound distortions recovered. Further, for /s/ sound, immediately 
after wearing both S-FDP and M-FDP, the UBFs significantly decreased. After 1 wk, 
the /s/ sound distortion of S-FDP was back to normal, but the UBFs of M-FDP was 
still at a lower level (Figure 5). For /sh/ sound, immediately after wearing S-FDP and 
M-FDP, the patient had a /sh/ distortion, which could recover after 1 wk of wearing 
both FDPs (S-FDP-1 and M-FDP-1) as shown in Figure 5. For the other five Chinese 
fricative consonants (/h/, /x/, /z/, /c/, and /r/), there was on significant different 
between groups.

Finally, because of less /s/ speech distortion and better tactile impression of the 
tongue when touching palatal surface of the S-FDP, the patient selected the FDP with 
saddle pontic design as the permanent prosthesis with RelyX U200 resin cement (3M 
ESPE).

DISCUSSION
Regarding abutment selection in this case, according to the minimal invasive concept 
and in consideration of the small anterior dental arc, strong roots of the canines, and 
normal overlap and overbite, only two canines were selected. However, it should be 
noted that tipping forces can load on the FDP and abutments upon masticatory 
movement, and examinations should be carefully conducted to consider whether to 
include first premolar as additional abutments in the further follow-ups after this 
clinical trial.

Saddle and modified ridge lap designs were mostly used for anterior FDPs. Saddle 
pontic replaces all the contours of the missing tooth. Because it overlaps both facial 
and lingual sides of the ridge lap, this design has long been recognized as being 
uncleanable and may cause tissue inflammation[8,14]. Then, the modified ridge lap 
design appeared, which have a slight deflective contour in the lingual surface to 
prevent food impaction and plaque accumulation[15]. Because of the aesthetics and 
hygienic feature of the modified ridge lap design, it becomes the most commonly used 
pontic design in the aesthetic zone for anterior FDPs. However, according to the 
results of this study, both pontic designs have an immediate and short-term effect on 
multiple Chinese sounds such as /u/, /f/, /s/, and /sh/. Furthermore, the /s/ sound 
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Figure 4 A, B and C frequencies of /u/ sound for blank, removable partial denture, saddle pontic-fixed dental prostheses, modified ridge 
lap pontic-fixed dental prostheses, S-fixed dental prostheses-1, and M-fixed dental prostheses-1 situation. Data shown are the mean ± SD, 
with P value deriving from one-way ANOVA tests with Tukey’s multiple comparisons test. aP < 0.05. RPD: Removable partial denture; FDP: Fixed dental prostheses; 
S-FDP: Saddle pontic-fixed dental prostheses; M-FDP: Modified ridge lap pontic-fixed dental prostheses; S-FDP-1: 1 wk after wearing saddle pontic-fixed dental 
prostheses; M-FDP-1: 1 wk after wearing modified ridge lap pontic-fixed dental prostheses.

distortion of the patients with M-FDP can last for more than 1 wk. Therefore, attention 
should be paid to the pontic design when considering phonetic function of anterior 
FDPs.

Among five Chinese vowels, the /u/ sound demonstrated significant differences 
when wearing both S-FDP and M-FDP. Because the lingual and labial contours and 
morphology of crown were changed, features such as tongue position and lip 
roundness were then affected, resulting in the increase of F1 frequency and the 
decrease of F3 frequency. Nevertheless, the effect of FDP on other vowels was insigni-
ficant, because the recovery of distortion occurred within 1 wk.

The production of consonants is relatively complicated. During the pronunciation of 
consonants, the airflows in the oral cavity must be modified by different kinds of 
obstruct and friction, so the morphology and relative positions of the tongue, teeth, 
and lip are crucial for the consonant production[16,17]. For instance, when producing 
/s/ sound, the tongue is commonly at a higher position and the maxillary and 
mandibular incisors should form a narrow space, which can compress the airflow at a 
high speed[11,18]. In this study, when wearing FDPs, the anterior dental arc, the 
height of teeth, and the vestibular-oral diameter of pontic were changed, which might 
be difficult for the patient to accurately attain a right tongue position and narrow teeth 
space in a short term. Thus, the consonants such as /f/ and /s/ were affected 
immediately after wearing both S-FDP and M-FDP. However, the consonant distortion 
recovered within 1 wk for S-FDP, but the articulation of /s/ was still abnormal after 
wearing M-FDP for 1 wk. Since the modified ridge lap pontic has incomplete contact 
with the alveolar ridge, there will be a concave space between the lingual surface of 
teeth and the palate, which may lead to the turbulence when airflows go through the 
narrow teeth space. Therefore, compared with the saddle pontic design, the modified 
ridge lap pontic design has a negative effect on phonetic function in a short term.
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Figure 5 Upper boundary frequency of /f/, /s/, and /sh/ sounds at blank, removable partial denture, saddle pontic-fixed dental prostheses, 
modified ridge lap pontic-fixed dental prostheses, S-fixed dental prostheses-1, and M-fixed dental prostheses-1 situation. Data shown are 
the mean ± SD, with P value deriving from one-way ANOVA tests with Tukey’s multiple comparisons test. aP < 0.05; bP < 0.01. RPD: Removable partial denture; 
FDP: Fixed dental prostheses; S-FDP: Saddle pontic-fixed dental prostheses; M-FDP: Modified ridge lap pontic-fixed dental prostheses; S-FDP-1: 1 wk after wearing 
saddle pontic-fixed dental prostheses; M-FDP-1: 1 wk after wearing modified ridge lap pontic-fixed dental prostheses.

Further, phonetic function has been investigated in multiple studies related to 
different parameters in the anterior region. Bizyaev et al[7] reported that two 
parameters including palatal laminates angulation and anterior wall angulation were 
important to the phonetic adaption of patients to fixed dentures, and the smaller the 
difference of these angles, the better the conditions for speech formation. Julijana et al
[6] found that the vestibular-oral diameter of FDPs have influence on the /s/ articu-
lation. Additionally, angulation of maxillary incisors and maxillary incisal overjet 
could affect the fricative sounds, but these previous studies were conducted using 
removable dentures with different incisal parameters[5,13]. Therefore, this study can 
provide direct evidence and important supplement for the effect of anterior FDP 
design on the phonetic function. However, this study has a limitation that there was 
only one patient with a relatively short follow-up period.

CONCLUSION
The influence of anterior FDP on articulation of Chinese vowels is insignificant, while 
the articulation of Chinese fricative consonants is more susceptible, and most of the 
speech distortion caused by FDPs recovers within 1 wk. Notably, the /s/ sound 
distortion lasts for more than 1 wk for patient wearing FDP with modified ridge lap 
pontic. There, when fabricating anterior FDPs for patients with speech related 
professions, saddle pontic design can be an alternative option compared with 
modified ridge lap pontic design.



Wan J et al. Effect of anterior FDP pontic design on speech

WJCC https://www.wjgnet.com 11283 December 26, 2021 Volume 9 Issue 36

ARTICLE HIGHLIGHTS
Research background
The pontic design of fixed dental prostheses (FDPs) is strongly associated with the 
phonetic function.

Research motivation
The phonetic function of anterior FDPs with different pontic designs remains 
understudied.

Research objectives
To investigate the immediate and short-term influence of pontic design of anterior 
FDPs on Chinese speech.

Research methods
Two FDPs with saddle pontic and modified ridge lap pontic design were fabricated. 
The acoustic analysis of patient’s articulation was conducted immediately after 
wearing the FDPs and 1 wk after wearing these FDPs.

Research results
The effect of FDP on Chinese vowels was slight, and the recovery of vowel distortion 
occurred within 1 wk. Three Chinese fricatives were found to have obvious 
distortions, and the /s/ sound distortion lasted for more than 1 wk for the patient 
wearing FDP with modified ridge lap pontic.

Research conclusions
The influence of anterior FDP on articulation of Chinese vowels is insignificant, while 
the articulation of Chinese fricative consonants is more susceptible to the FDP with 
modified ridge lap pontic design.

Research perspectives
When fabricating anterior FDPs for patients with speech related professions, saddle 
pontic design can be an alternative option compared with modified ridge lap pontic 
design.

REFERENCES
Wada J, Hideshima M, Inukai S, Katsuki A, Matsuura H, Wakabayashi N. Influence of Oral 
Morphology on Speech Production in Subjects Wearing Maxillary Removable Partial Dentures with 
Major Connectors. Folia Phoniatr Logop  2018; 70: 138-148 [PMID: 30138930 DOI: 
10.1159/000491789]

1     

Ozbek M, Tulunoğlu I, Ozkan S, Oktemer M. Evaluation of articulation of Turkish phonemes after 
removable partial denture application. Braz Dent J  2003; 14: 125-131 [PMID: 12964657 DOI: 
10.1590/s0103-64402003000200010]

2     

Stojcević I, Carek A, Buković D, Hedjever M. Influence of the partial denture on the articulation of 
dental and postalveolar sounds. Coll Antropol  2004; 28: 799-807 [PMID: 15666614]

3     

Broka K, Vidzis A, Grigorjevs J, Sokolovs J, Zigurs G. The influence of the design of removable 
dentures on patient's voice quality. Stomatologija  2013; 15: 20-25 [PMID: 23732826]

4     

Runte C, Lawerino M, Dirksen D, Bollmann F, Lamprecht-Dinnesen A, Seifert E. The influence of 
maxillary central incisor position in complete dentures on /s/ sound production. J Prosthet Dent  
2001; 85: 485-495 [PMID: 11357076 DOI: 10.1067/mpr.2001.114448]

5     

Julijana N, Petrovski D, Mindova S, Aleksova P. The influence of frontal porcelain fused metal 
bridges on dental sounds articulation. Acta morphologica 2012; 9: 76-79

6     

Konnov V, Lepilin A, Maslennikov D, Bizyaeva N. Modern methods of control over phonetic 
adaptation of patients to orthopedic constructions of dentures. Russian Open Med J  2012; 1 [DOI: 
10.15275/rusomj.2012.0310]

7     

Edelhoff D, Spiekermann H, Yildirim M. A review of esthetic pontic design options. Quintessence 
Int  2002; 33: 736-746 [PMID: 12553617]

8     

Chen J, Wan J, You L. Speech and orthodontic appliances: a systematic literature review. Eur J 
Orthod  2018; 40: 29-36 [PMID: 28472259 DOI: 10.1093/ejo/cjx023]

9     

Artjomenko V, Vidzis A, Broka K. The assessment of speech quality and intellibility after 
replacement of lost teeth with removable dentures: Review of literature. Acta Chirurgica Latviensis  
2012; 12: 72 [DOI: 10.2478/v10163-012-0014-8]

10     

Runte C, Tawana D, Dirksen D, Runte B, Lamprecht-Dinnesen A, Bollmann F, Seifert E, Danesh G. 11     

http://www.ncbi.nlm.nih.gov/pubmed/30138930
https://dx.doi.org/10.1159/000491789
http://www.ncbi.nlm.nih.gov/pubmed/12964657
https://dx.doi.org/10.1590/s0103-64402003000200010
http://www.ncbi.nlm.nih.gov/pubmed/15666614
http://www.ncbi.nlm.nih.gov/pubmed/23732826
http://www.ncbi.nlm.nih.gov/pubmed/11357076
https://dx.doi.org/10.1067/mpr.2001.114448
https://dx.doi.org/10.15275/rusomj.2012.0310
http://www.ncbi.nlm.nih.gov/pubmed/12553617
http://www.ncbi.nlm.nih.gov/pubmed/28472259
https://dx.doi.org/10.1093/ejo/cjx023
https://dx.doi.org/10.2478/v10163-012-0014-8


Wan J et al. Effect of anterior FDP pontic design on speech

WJCC https://www.wjgnet.com 11284 December 26, 2021 Volume 9 Issue 36

Spectral analysis of /s/ sound with changing angulation of the maxillary central incisors. Int J 
Prosthodont  2002; 15: 254-258 [PMID: 12066488]
Rai AK, Ganeshkar SV, Rozario JE. Parametric and nonparametric assessment of speech changes in 
labial and lingual orthodontics: A prospective study. APOS Trends Orthod  2013; 3: 99-109 [DOI: 
10.4103/2321-1407.117376]

12     

Inukai S, Hideshima M, Sato M, Nishiyama A, Ando T, Ohyama T, Matsuura H. Analysis of the 
relationship between the incisal overjet in a maxillary denture and phonetic function using a speech 
recognition system. Prosthodontic Research Practice  2006; 5: 171-177 [DOI: 10.2186/prp.5.171]

13     

Ruparelia BL, Meenakshi T, Dalal V. Pontic design consideration for successful fixed dental 
prosthesis. Guident  2011; 4

14     

Abduo J, Lyons KM. Interdisciplinary interface between fixed prosthodontics and periodontics. 
Periodontol 2000  2017; 74: 40-62 [PMID: 28429481 DOI: 10.1111/prd.12189]

15     

Burnett CA. Mandibular incisor position for English consonant sounds. Int J Prosthodont  1999; 12: 
263-271 [PMID: 10635195]

16     

Honda K.   Physiological processes of speech production. Springer handbook of speech processing. 
Springer, 2008: 7-26 [DOI: 10.1007/978-3-540-49127-9_2]

17     

Souza RF, Compagnoni MA, Leles CR, Sadalla KB. Association between the speaking space of /s/ 
sound and incisal overlaps in dentate and edentate subjects. J Appl Oral Sci  2005; 13: 413-417 
[PMID: 20865229 DOI: 10.1590/s1678-77572005000400018]

18     

http://www.ncbi.nlm.nih.gov/pubmed/12066488
https://dx.doi.org/10.4103/2321-1407.117376
https://dx.doi.org/10.2186/prp.5.171
http://www.ncbi.nlm.nih.gov/pubmed/28429481
https://dx.doi.org/10.1111/prd.12189
http://www.ncbi.nlm.nih.gov/pubmed/10635195
https://dx.doi.org/10.1007/978-3-540-49127-9_2
http://www.ncbi.nlm.nih.gov/pubmed/20865229
https://dx.doi.org/10.1590/s1678-77572005000400018


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2021 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

