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[Diagnosis and treatment planning

Diagnostic waxup for evaluation of
restorative space
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THE JOURNAL OF PROSTHETIC DENTISTRY

CLINICAL

Influence of pontic design on speech with an anterior fixed
dental prosthesis: A clinical study and finite element analysis

Shanshan Hu, DDS, PhD,” Jia Wan, MA,” Lunliang Duan, DE, and Junyu Chen, DDS, PhD“

The human phonation process
is a complex physiological
process involving interaction
among the respiratory, laryn-
geal, and resonance sub-
systems.!  Articulation  is
indispensable ~ for  human
communication, and the ac-
curacy of speech sound pro-
duction might be negatively
affected after a partially or
completely edentulous patient
is provided with prostheses.
For example, Odman and
Karlsson” reported that 7%
patients with more than 5
fixed partial denture units had
speech problems. Jacobs et al®
reported that one or more
articulation difficulties
occurred in 84% of edentulous
patients wearing fixed or
removable dental prostheses.
Therefore, improving the ac-
curacy of speech sound pro-
duction is an important goal
for prosthetic dentistry. In

particular, the anterior teeth are closely linked with the
accuracy of speech sound production, and displacement
of the maxillary incisors in a labial direction was found to

ABSTRACT

Statement of problem. Patients may experience disturbed articulation after treatment with a fixed
dental prosthesis. However, studies that assess the relationship between fixed dental prosthesis
design and the accuracy of speech sound production are lacking.

Purpose. The purpose of this clinical and finite element analysis (FEA) study was to examine the
influence of pontic design on speech with anterior fixed dental prostheses.

Material and methods. First, an articulation test was carried out in which a partially edentulous
participant was required to pronounce 4 Chinese words containing the voiceless fricative/s/while
wearing fixed dental prostheses with 2 types of pontic designs. The oral morphology was
obtained by cone beam computed tomography (CBCT) scanning while the participant, wearing
the 2 fixed dental prosthesis designs, was pronouncing the voiceless fricative/s/sound. The
geometry of the oral cavity was then reconstructed by an image processing software program.
Finally, a finite element model for sound wave propagation inside the oral cavity was developed
within the framework of the finite element analysis software program. By using this model, the
sound pressure level of the 2 types of pontic design was characterized and quantified under
different fundamental frequencies (Fo). The data were analyzed with 1-way ANOVA (o=.05).

Results. The experimental articulation test reported that the pontic design of fixed dental
prostheses affected the speech production of the/s/sound (P<.001). The numerical study
reported that the sound pressure level values were different under various fundamental
frequencies. In addition, the pontic design of fixed dental prostheses affected the sound
pressure level values, and the differences varied significantly from 420 to 1300 Hz (P<.05);
however, the differences were not significant between 120 and 420 Hz (P>.05). Moreover, further
comparisons of low Fy (120 to 500 Hz), medium F, (520 to 900 Hz), and high F, (920 to 1300 Hz)
reported that the differences in the medium F, area were most obvious (P<.001 for maximum
sound pressure level value and P=.001 for sound pressure level value at Point Q).

Conclusions. Both the fixed dental prosthesis pontic design and the fundamental frequency could
affect the sound field distribution. (J Prosthet Dent 2020;m:m-m)

be a likely cause of speech problems.*> Therefore, studies
on the accuracy of speech sound production have clinical
importance, with many patients attaching great
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of the mechanisms of speech sound distortions after :

Clinical |mp|ications manipulations in the incisor area. The null hypothesis 1
Both the pontic design and the fundamental was that the FDP pontic design or the fundamental fre- 1
frequency could affect the speech patterns of quency would not ipﬂuence the sound field distribution 1
wearers of FDPs. In addition, this FEA model around the oral cavity. :
provided a new way to calculate and visualize the 1
sound field in the oral cavity during speech sound MATERIAL AND METHODS 1
roduction and could be expanded to other |
Eituations where patients prcF))nounce other sounds The'experiment'al protocol was approvgd by the Ethical 1
or words, helping guide clinical practice before Review Comm1tt.ee of the West. China Hospital of :

prosthesis fabrication. Stomatology, Sichuan University (approval no. 3

WCHSIRB-D-2018-058). A 41-year-old Chinese 3

woman with 4 missing maxillary anterior incisor teeth 3

was enrolled in this study (Fig. 1A). Considering the 1';

importance to undisturbed articulation after treatment  condition of the residual alveolar ridge, the participant b

with prostheses.*

The influence of complete or removable partial den-
tures on speech production has been studied for the
positioning of the artificial teeth, the design of major
connectors,”” and the morphology of the palate.®* Fixed
dental prostheses (FDPs) are commonly prescribed to
restore missing teeth in partially edentulous patients.
Anterior FDPs typically have either a saddle or modified
ridge lap pontic.’® FDPs with saddle pontics can form a
large concave contact over the ridge with the artificial
teeth appropriately located at the patient’s gingival tis-
sue, which can mimic the lingual appearance of the
natural teeth. Modified ridge lap pontics often possess a
nearly convex surface of the ridge, with the illusion of a
tooth. Therefore, FDPs with these 2 types of pontic de-
signs have different contours of the palate and mor-
phologies of lingual tooth surfaces, which may have an
influence on speech. Nevertheless, studies investigating
the relationship between FDPs and speech sound pro-
duction are sparse.*""

The accuracy of speech sound production has been
investigated by using both subjective and objective ap-
proaches, including sound spectrography,” palatog-
raphy,®'*> and auditory evaluations by speech
pathologists.’® However, these methods do not allow
direct visualization of the distribution of phonetic pa-
rameters inside the oral cavity because of its anatomic
complexity and restricted space. An alternative is to use
numerical simulations by means of finite element anal-
ysis (FEA), which allows the noninvasive calculation and
visualization of the dynamically changing parameters
during speech sound production.'* Furthermore, the use
of FEA enables the systematic variation of various pa-
rameters that cannot be achieved clinically.

This study addressed the application of FEA to
problems in the field of computational aeroacoustics in
the oral cavity. The purpose was to examine the influence
of the pontic design of FDPs on the sound pressure level
(SPL) in the oral cavity under different fundamental
frequencies and thus to contribute to an understanding

chose a fixed dental prosthesis after thorough
communication. The participant was informed of the
details of the study and provided informed consent.
Prostheses with 2 types of commonly used pontic de-
signs (saddle and modified ridge lap pontic) were de-
signed and fabricated (Fig. 1B).

A crossover method was adopted for the articulation
test. Briefly, the participant received 2 sealed envelopes
which contained the order in which to insert the FDPs,
and she was asked to choose one. She was then required
to pronounce 4 Chinese words containing the voiceless
fricative/s/(si, suo, song, san; each word was pronounced
with 4 different Chinese tones; that is, n=16) while
wearing the 2 FDP designs, respectively, according to the
order of the envelope. The participant was then asked to
pronounce the same words again with 2 types of FDPs,
but the order was reversed. During all the tests, the
participant was required to pronounce the words
immediately after inserting the prosthesis. Sample-size
calculation was performed by using a software program
(G*Power, v3.1; Heinrich-Heine-Universitat Diisseldorf),
with a=.05 and B=.08.

The participant was seated upright, and a high-quality
microphone (Shure SM58; Shure Inc) was placed 15 cm
away from her mouth. The speech samples were recor-
ded, and the recordings were transferred to a computer
by using an audio editing software program (Adobe
Audition CS6; Adobe Systems). Finally, the recorded
samples were analyzed with a speech analysis software
program (Praat) according to a previous study.'® The
voiceless fricative/s/was then analyzed by means of the
upper boundary frequency (UBF). The voice samples
were first converted to a wideband spectrogram, and
then, fast Fourier transformation was used to locate the
position of the UBF.

For the FEA modeling, the participant pronounced
the/s/sound while wearing 2 types of FDPs (modified
ridge lap, followed by saddle, according to the envelope),
and the oral morphology was scanned by cone beam
computed tomography (CBCT) (3D eXam; KaVo Dental
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Figure 1. A, Frontal view of participant before treatment. B, Morphology of FDPs with saddle and modified ridge lap pontics. C, CBCT view of

participant from sagittal plane and selected computational domain for sound propagation (blue area) of modified ridge lap pontic. D, Reconstructed 3D
view of selected computational domain for sound propagation of modified ridge lap pontic. E, Overview of mesh density of selected computational
domain of modified ridge lap pontic. F, Overview of X-Y plane, X-Z plane, and Y-Z plane of computational domain of modified ridge lap pontic. CBCT,

cone beam computed tomography; FDPs, fixed dental prostheses.

GmbH) (Fig. 1C).'® The geometry of the oral cavity was
obtained and reconstructed by using an image processing
software program (Mimics 17.0; Materialise) (Fig. 1D).'®
An FEA software program (COMSOL Multiphysics
4.3a; COMSOL Inc) was applied to simulate the sound
wave propagation inside the oral cavity. Because the
validity of the numerical model for acoustic-structure
interaction inside COMSOL Multiphysics had been
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examined previously,'” a detailed validation of this model
was not considered necessary. In the present study, the
numerical model comprised 14102 unstructured grids,
and the mesh density was locally densified around the
anterior teeth (Fig. 1E).

The Helmholtz equation, which was obtained after
time Fourier transform, was adopted to describe the
spatial distribution of the acoustic wave propagating
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Figure 2. Values of UBF when participant pronounced 4 Chinese words
containing/s/sound with 2 types of FDP designs (***P<.001). FDP, fixed
dental prosthesis; UBF, upper boundary frequency.

process'®; the governing equation was:

1 wp _
) 2

where p=poe"’, where p is the pressure (N/m?), p, is the
density (kg/m®), q is an optional dipole source (m/s%), v is
the angular frequency (rad/s), and c is the speed of sound
(m/s).

The walls of the oral cavity were regarded as elastic
solid walls, which meant the walls of the oral cavity
would be affected by the sound pressure and may have
elastic deformation. Therefore, the boundary condition
could be defined as:

1
nae | —Vp+q) =0,
(%)

where n, is the outward-pointing unit normal vector
seen from inside the acoustics domain.

A coefficient of viscosity of 1.822x107° Pa-s was used
and a density of 1.205 kg-m™."” The sound velocity was
346 m/s at an atmospheric temperature of 25 °C. Because
a previous study had determined that the range of the
fundamental frequency (Fy) of different people was
approximately 120 to 1300 Hz,*° the input F, were set
from 120 to 1300 Hz in the present study, with an in-
terval of 20 Hz. Therefore, for each kind of pontic design,
60 observations were analyzed. The plane facing the
laryngeal area was set to generate the acoustic sound,
and the sound then propagated in the direction of the
negative y axis (Fig. 1) toward the mouth and the outer
space. The problem of acoustic wave propagation from
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Figure 3. Maximum SPL value and SPL value at Point Q of X-Z plane of
modified ridge lap pontic at different fundamental frequencies, 15 cm
from mouth. SPL, sound pressure level.

the deep oral cavity into the free field was solved by using
the finite-element method. Simulations were then per-
formed by using an FEA solver software program
(COMSOL Multiphysics; COMSOL Inc) on a Windows 7
computer workstation with 2 CPUs and 128 GB of RAM
per core. A series of computations was performed with 2
types of pontic designs under various fundamental fre-
quencies; the SPL was recorded and compared.

Statistical analysis was performed with a statistical
software program (IBM SPSS Statistics, v22.0; IBM Corp).
One-way analysis of variance was performed to identify
statistically significant differences between the 2 types of
FDPs (0:=.05).

RESULTS

In a previous study,'® the authors reported that the/s/
sound reported the most obvious distortion when par-
ticipants wore retainers. Therefore, the participant was
required to pronounce 4 typical Chinese words contain-
ing the voiceless fricative/s/while wearing the FDPs with
2 types of pontic designs. According to the order of the
envelope, the participant first wore the modified ridge lap
followed by the saddle pontic (Modified ridge lap1 and
Saddlel) and then the reverse (Modified ridge lap2 and
Saddle2). The values of the UBF when the participant
pronounced 4 Chinese words containing the/s/sound
with the 2 FDP designs are presented in Figure 2. As
shown, the UBFs of the 4 words were significantly
different when wearing FDPs with different pontic de-
signs (Modified ridge lap1=9503.59 +139.59, Sad-
dle1=11594.84 +418.76, Modified ridge lap2=9504.42
+138.32, Saddle2=11615.84 +439.78, P<.001). In
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addition, the order of wearing different FDPs had no
significant effect on the outcome (P>.05). The participant
preferred to wear the FDP with the saddle pontic design
because it mimicked the lingual appearance of the nat-
ural teeth; the participant was therefore more used to this
design.

For the FEA, because the shape of the oral cavity was
obtained by CBCT scanning and the order of wearing
different FDPs had no significant effect on the outcome
(P>.05), the participant first wore the modified ridge lap
and then the saddle pontic FDP but did not undergo a
reverse test because of ethical concern about exposing

1260 Hz

Figure 4. SPL distributions of X-Z plane of modified ridge lap pontic at different frequencies, 15 cm from mouth. SPL, sound pressure level.

1220 Hz

the participant to additional CBCT radiation. The SPL
distributions of the X-Z plane at 15 cm from the mouth
were characterized and measured first (Fig. 1F). In this
plane, the maximum SPL value and the SPL value at the
central point (Point Q) (Fig. 1C) at a frequency of 120 to
1300 Hz were measured; the results are presented in
Figure 3. As shown, the SPL values exhibited periodic
alterations with variation of the fundamental frequencies.
To disclose the sound field distribution further, according
to the results of Figure 3, the SPL distributions of the X-Z
plane at 15 cm from the mouth and the central Y-Z plane
at several turning points (when the SPL values were
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Figure 5. SPL distributions of central Y-Z plane of modified ridge lap pontic at different frequencies. SPL, sound pressure level.

rather high or low) are shown in Figure 4 and Figure 5,
respectively. The results indicated that the SPL under-
went periodic alterations from both planes (Figs. 4, 5).

The SPL distributions of the 2 FDP designs under
different frequencies are shown in Figure 6. According to
the results, the SPL values of the 2 pontics were signif-
icantly different from 420 to 1300 Hz (P<.05); however,
the variation was not significantly different from the 120
to 1300 Hz range (P>.05) (Tables 1 and 2) because the
SPL values of the 2 pontics were nearly the same at
below 400 Hz (Fig. 6). In addition, to clarify the results of
different frequencies on speech production, the funda-
mental frequency (Fy) was evenly divided into 3 parts by
using an interval of 400 Hz: low F, (120 to 500 Hz),
medium Fy (520 to 900 Hz), and high F, (920 to 1300 Hz)
(Tables 1 and 2). As shown, further comparisons of every
single part (low Fy, medium F,, and high F) reported that
the differences in the medium Fj area (520 to 900 Hz)
were most obvious (P<.001 for maximum SPL value and
P=.001 for SPL value at Point Q). Moreover, the differ-
ences were not significant in the low Fy area (120 to 500
Hz) for either maximum SPL value or SPL value at Point
Q (P>.05). In the high F, area (920 to 1300 Hz), the
differences were significant only for the SPL value at
Point Q (P<.05) (Tables 1 and 2). Additionally, according
to the results shown in Figure 6, the SPL distributions at
a few frequencies (Where the differences between the 2
pontic designs were obvious) were characterized, and the
results are presented in Figures 7, 8. As shown, the SPL
distributions of the 2 FDP designs under these fre-
quencies reported obvious differences.

DISCUSSION

The purpose of this clinical and FEA study was to
examine the influence of pontic design on speech with
anterior FDPs. The results reported that both the pontic
design and the fundamental frequency could affect the

sound field distribution. Therefore, the null hypothesis
that the pontic design or the fundamental frequency
would not influence the sound field distribution around
the oral cavity was rejected.

Although the relationship between speech sound
production and artificial teeth has been investigated,””
little attention has been paid to the influence of pontic
design on speech sound production. According to the
results of the present study, both the experimental
articulation test and the FEA results reported that the
pontic design could affect speech sound production.
There are 2 possible reasons that might explain this
phenomenon. First, because the shape of the throat,
nose, and mouth structures could influence the speech
sound production,® the morphologic change of oral
structures caused by different pontics could also lead to a
new aerodynamic situation and thus affect the speech
sound production. In addition, as Rothman®' stated, the
tongue contacts a specific part of the teeth, alveolar ridge,
or hard palate during the production of consonants, and
this difference in speech sound production might also be
a result of a different tongue position or movement when
the participant sensed different morphological charac-
teristics of the incisor teeth. Therefore, the morphologic
changes of the tooth surface could affect the speech
patterns of FDP wearers, and the pontic design of
maxillary prostheses should be shaped like natural-
looking teeth in terms of correct articulation. Because
the saddle pontic is natural looking, speech sound pro-
duction would be less influenced, and this pontic design
might be better in terms of correct articulation. Moreover,
the ovate pontic design also mimics the lingual appear-
ance of the natural teeth and might have little influence
on speech sound production; however, this design was
not within the scope of the present study.

Voice capacities vary among people depending on the
individual laryngeal anatomy as well as the physical and
physiological conditions. It has been reported that

Taollad m mm == o o= o o - -

3 o )30

e YA Oyl = (08 gy LT g (6B ¢ R



T dolllad m mm o= o= o = =

ES

93 W30

&

T -

)
z
E
@ 100 |-
-
o
B
E
w
w
g
a 80
T
c
>
o
v

60 -

1 M 1 M 1 M 1 M 1 M 1
200 400 600 800 1000 1200
Frequency (Hz)
Modified ridge lap Saddle A
__ 100 |-
)
Z
]
3 80|
-
o
B
3
a
v 60
b
a
-]
c
3
S 40
1 1 1 1 1 1 1 1 1 1 1
200 400 600 800 1000 1200
Frequency (Hz)
Modified ridge lap Saddle B

Figure 6. X-Z plane of 2 types of pontic designs at different
fundamental frequencies, 15 cm from mouth. A, Maximum SPL value. B,
SPL value at Point Q. SPL, sound pressure level.

women were able to produce louder phonations than
men and that trained individuals such as singers had
wider frequency ranges than untrained ones.”” Therefore,
to investigate the potential influence of pontic design on
speech sound production among different people, this
study evaluated the SPL characteristics at different
fundamental frequencies. The results reported that vari-
ation of fundamental frequencies resulted in totally
different SPL distributions. This was because different
frequencies resulted in different wavelengths during
wave propagation and thus led to different SPL distri-
butions. In addition, when comparing the SPL values of 2
types of pontic designs at different fundamental fre-
quencies, the differences were more obvious in the me-
dium and high fundamental frequency area than in the
low frequency area (Tables 1 and 2). Therefore, the
speech sound production would be more susceptible in

a
T

Fo

Table 1. Statistical difference of maximum SPL value of 2 types of FDP
designs under different Fy
Modified Ridge Lap

Eund P Saddle
F al

Frequency (Hz) Mean +SD Mean +SD  df F P

120-1300 76.36 £11.08 79.86 £14.70 119 2230 .138
420-1300 80.98 +8.41 86.05 £10.63 89 6314 .014
120-500 (low Fo) 66.54 +9.44 62.73 £548 39 2442 126
520-900 (medium Fo) 79.18 +4.41 87.52 £542 39 28515 <.001
920-1300 (high Fo) 83.36 £10.55 89.33 £10.88 39 3.104 .086

FDP, fixed dental prosthesis; SPL, sound pressure level.

Table 2. Statistical difference of SPL value at Point Q of 2 types of FDP
designs under different Fy
Modified Ridge Lap

Fund ol Saddle
F al

Frequency (Hz) Mean +SD Mean +SD  df F P

120-1300 67.78 +£13.05 7152 #1703 119 1.822 .180
420-1300 72.07 £11.37 7748 £1463 89 4818 .031
120-500 (low F) 55.83 £11.50 51.84 £11.10 39 1246 .271
520-900 (medium Fq) 71.06 +6.96 7941 £7.83 39 12715 .001
920-1300 (high Fg) 76.44 £10.39 8330 +9.85 39 4587 .039

FDP, fixed dental prosthesis; SPL, sound pressure level.

patients with medium to high frequencies, especially
singers with high pitch,*® who attach great importance to
precise articulation. By contrast, those with low funda-
mental frequencies might be less susceptible after treat-
ment with prostheses. Because different people have
different fundamental frequencies, this phenomenon
may also explain why some patients have greater speech
problems after wearing prostheses, whereas others are
less affected or even undisturbed after treatment with
prostheses.

Limitations of the present study included that the
testing was carried out immediately after wearing the
FDPs, and long-term adaptation was not evaluated;
however, this should be evaluated in a future study.
Moreover, this model only explored the sound distribu-
tion of the/s/sound, and additional CBCT scanning was
not used. Further tests on other sounds or words are
needed to confirm the results. In addition, the FEA model
contained simplifications with respect to the complex
structures of the larynx, the vocal tract, and the oral
cavity, which are all involved in speech sound produc-
tion'?; instead, this study only reconstructed the oral
cavity near the mouth, where the study was focused.

In spite of the limitations, the present study offered a
new application of technology for a clinical issue of
importance by means of FEA. This model allowed
noninvasive calculation and visualization of the dynam-
ically changing parameters during speech sound pro-
duction, which are difficult to determine by using
conventional experimental protocols. In addition, this
model could be further applied to other situations when
patients pronounce other sounds or words by CBCT
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Figure 8. SPL distributions of central Y-Z plane of 2 types of FDP designs at different frequencies. FDP, fixed dental prosthesis; SPL, sound pressure

level.

scanning different shapes of the oral cavity when pro-
nouncing other sounds. Beyond milling different shapes
for patients, further studies might also contribute to
evaluating other kinds of prostheses virtually and deliver

parameters quantitatively, which could help guide clinical
practice and reduce subjective estimations for the labo-
ratory technician and dentist before prosthesis
fabrication.
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CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. The pontic design of FDPs influenced the SPL dis-
tributions of the participant, and even a small
change in the shape of the pontic could affect
speech sound production.

2. The variations of fundamental frequencies resulted
in different SPL distributions, and individuals with
medium to high fundamental frequencies might be
more susceptible after wearing prostheses than
those with low frequencies.

3. This FEA model provided a new way to calculate
and visualize the sound field in the oral cavity
during speech sound production and could be
expanded to other situations in which patients
pronounce other sounds or words.
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Term basic esthetic composition

See also esthetic composition, strong esthetic composition, soft esthetic composition, flat to
front
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Term bevel preparation
Variations reverse bevel preparation, contrabevel preparation
See also chamfer preparation, feather preparation, butt margin, shoulder prepara-
tion, rounded shoulder preparation
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Term bicuspid
Pronunciation biy-KUS-pid
Variations premolar
See also _bi-, cuspid, premolar, molar, posterior tooth

Term

bifurcation

Pronunciation

biy-fur-KAY-shun

See also

_bi-, root bifurcation
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Term biomaterial

Pronunciation biy-oe-muh-TEER-ee-ul

See also alloplast
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Term bite 1
Pronunciation biyt :
See also occlude, centric occlusion, bite registration, bite block 1
1
00 4 1o 153 oy (sl :
Sl =2 9 Yo (6L (laid (aid diuwn 0925 45 (I8 I
. . .l & ¢ 1
S 0591 i (gl ©ldgl ol 45 oVl .
g4 (50 6318wl g
3
&
3
aN
Term bite block
Variations bite rim, wax rim, occlusal rim, record rim, occlusion rim, bite plate
See also bite, bite registration, esthetic control base
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Term bite registration
Variations bite, occlusal registration
See also bite block, occlusal rim
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Term

blade form implant

Variations

blade implant, blade endosteal implant, plate form implant

See also

root form implant, ramus endosteal implant
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Term

blend

See also

body/enamel blend
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Term block out
See also undercut
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Term body porcelain 1
See also enamel porcelain, opague porcelain, opaque body, opacious dentin :
1

1
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Term body/enamel blend
Variations dentin/enamel blend
See also body porcelain, enamel porcelain, monolithic
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Term Boley gauge

Pronunciation BOE-lee gayj
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