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Influence of tongue pressure on the obturator prosthesis for soft
palate defects: a 3D-FEA study
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Purpose: The purpose of the study was to analyze how swallowing tongue pressure affects the biomechanics of a velopharyngeal
obturator prosthesis and compare its displacement across different occlusal rest positions. Materials and Methods: A 3D geometric
model consisting of the maxilla, teeth, soft palate, and a portion of the pharynx was developed based on the CBCT and MRI data.
A defect was created by the resection of soft palate portion. Two experimental models were generated based on two different
velopharyngeal obturator designs: one “with mesial occlusal rests” (Model 1) and the other with “distal occlusal rests” (Model
2). A pressure of 25 kPa was applied at the surface of the bulb of the obturator prosthesis opposite the base of the tongue to
simulate tongue pressure during swallowing. The maximum von-Mises stress and displacement values of two types of obturator
prostheses were analyzed and compared. Results: The maximum von-Mises stress in the metal framework, located at the posterior
palatal strap, was slightly higher in model 1 (64.9 MPa) than in model 2 (54.2 MPa). In both models, the acrylic resin obturator bulb
exhibited a maximum stress value of 4.3 MPa. There was no significant difference in prosthesis displacement between the two
models, with 31.3 um for model 1 and 33.6 um for model 2. Conclusion: Swallowing tongue pressure had a minor impact on the
biomechanics of a velopharyngeal obturator prosthesis, and distal occlusal rests showed a slightly better biomechanical response
compared to mesial occlusal rests. (J Dent Rehabil Appl Sci 2023;39(2):61-8)
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Introduction

Velopharyngeal insufficiency is a condition that oc-
curs when the soft palate fails to create an effective
seal with the pharynx during speech and swallowing
that requires sufficient intraoral pressure. The un-
derlying cause of this velopharyngeal insufficiency is
due to congenital or acquired structural defects in the

soft palate. This condition results in inadequate velo-

*Correspondence to: Ho-Beom Kwon

Professor, Dental Research Institute and Department of Prosthodontics, School
of Dentistry, Seoul National University, 101, Daehak-ro, Jongno-gu, Seoul, 03080,
Republic of Korea

Tel: +82-2-2072-0132, Fax: +82-2-2072-3860, Email: proskwon@snu.ac.kr
Received: April 17, 2023/Last Revision: April 28, 2023/Accepted: April 29, 2023

pharyngeal closure, leading to difficulties with speech
articulation and swallowing,"” and it can significantly
impact the quality of life of patients.”*

A velopharyngeal obturator prosthesis is used to
rehabilitate patients with velopharyngeal insufficien-
cy.” This prosthesis comprises three components:
the front section, which resembles a removable
dental retainer; the middle section, which connects

the dental retainer to the bulb; and the bulb section
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itself, which extends posteriorly towards the pharynx.
The function of the bulb extension is to replace the
defective portion and make close contact with the
pharyngeal tissues for the proper palatopharyngeal
seal during speech and swallowing,

In normal individuals, the soft palate elevates and
moves backward during swallowing, while the pos-
terior and lateral pharyngeal walls move forward and
inward, respectively, to ensure adequate velopharyn-
geal closure.” Simultaneously, the tongue also retracts
posteriorly, and the base of the tongue generates
sufficient swallowing pressure in the soft palate.”
However, in an individual who has a palatal defect
and is rehabilitated with an obturator prosthesis, the
swallowing pressure produced by the base of the
tongue acts on the bulb portion of the obturator.
Consequently, this pressure can induce displacement
of the obturator prosthesis, and the performance of
the swallowing function might be affected if the ob-
turator is not well retained in its position.

Hence, to perform swallowing function propetly,
the retention and stability of the obturator prosthe-
sis are important, and the retainer design based on
the location of the occlusal rests should be consid-
ered carefully.'""? Moreover, according to one case
report presented by Collin et al., dislodgement of
the obturator prosthesis could potentially lead to an
emergency situation if it obstructs the airway.” Fur-
thermore, the area where the retainer section and the
bulb portion connect has a high potential to fracture,
and fracturing of the bulb portion can also lead to
airway obstruction.

Therefore, it is crucial to evaluate the effect of
swallowing tongue pressure on the biomechanics of
a velopharyngeal obturator prosthesis and to deter-
mine the most suitable occlusal rest position for this
obturator prosthesis. To the best of our knowledge,
there are no studies about the biomechanical analysis
of velopharyngeal obturator prostheses in patients
with soft palate defects.

The purpose of the study is to analyze how swal-
lowing tongue pressure affects the biomechanics of a
velopharyngeal obturator prosthesis and compate its

displacement across different occlusal rest positions.
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Materials and Methods

The cone-beam computed tomography (CBCT)
and magnetic resonance imaging (MRI) data of a
36-year-old female participant were used for this
finite element analysis (FEA) study. A three-dimen-
sional (3D) geometric model consisting of the max-
illa and teeth was developed based on the CBCT data
using modelling software (Mimics 19.0; Materialise
NV, Leuven, Belgium). The soft palate and a portion
of the pharynx, including the nasopharynx and oro-
pharynx, were also simulated in the model using MRI
data (Fig. 1). A simulated alveolar bone crest was cre-
ated 1 mm below the cementoenamel junction of the
teeth. The periodontal ligament was simulated with a
thickness of 200 um,'* and the thickness of the mu-
cosa was estimated to be 3 mm.

The right and left first premolars, as well as the
second molars, were prepared for the fabrication
of surveyed crowns following 3D printing using
the 3D printer (3D printer MAX, Asiga, Sydney,
Australia). After that, four prepared abutment teeth
were scanned for the fabrication of their respective
surveyed crowns using the dental lab scanner (E 4
scanner, 3 shape, Copenhagen, Denmark). Next, two
types of surveyed crowns were virtually constructed
based on different occlusal rest seat positions: one
with mesial occlusal rest seats and the other with
distal occlusal rest seats. All rest seats were prepared
to the same dimensions, specifically 3 mm in width,
3 mm in length, and 1 mm in depth. Lingual ledges
were also inserted in all surveyed crowns.

To simulate a congenital palatal defect, a portion of
soft palate was resected (Fig. 1A). Two velopharyn-
geal obturators were virtually fabricated using Aker’s
clasps for all abutment teeth, with different occlusal
rest positions for each. The posterior extended por-
tion of the obturator prosthesis was positioned at
the level of the hard palate to simulate its effective
position during function.” Two experimental models
were subsequently generated based on two different
velopharyngeal obturator designs: one with “mesial
occlusal rests” (Model 1) (Fig. 2A), and the other
with “distal occlusal rests” (Model 2) (Fig. 2B).

A meshing software (Visual-Mesh 18.0, ESI Group,
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Fig. 1. 3D FEA soft palate defect model:
(A) occlusal view, (B) lateral view.

Fig. 2. Velopharyngeal obturator models:
(A) model 1 with mesial occlusal rests,
(B) model 2 with distal occlusal rests.

Paris, France) was used to create tetrahedral meshes
of all components in each experimental model.
Model 1 generated a finite element mesh consisting
of 632,847 nodes and 3,444,786 elements. Model 2
produced a mesh with 626,417 nodes and 3,433,595
elements. The material properties for this FEA study
were assumed to be homogenous, isotropic, and lin-
early elastic. Table 1 provides a summary of the ma-
terial properties of all the components used in this
st dy.16—28

The friction coefficients (i) of 0.01 and 0.10 were
used for the contact behavior between the prosthesis
and mucosa and between the occlusal rest and sur-
veyed crown, respectively.”’ All nodes on the cutting
surface of the maxillary bone were constrained in all
directions. To simulate swallowing pressure produced
by the base of the tongue, 25 kPa was applied at
the surface of the bulb of the obturator prosthesis
opposite the base of the tongue.” The analysis was
processed using the Visual-Crash software (Visual-
Crash for PAM 18.0, ESI Group, Paris, France), and
the solver program (Launch VPS Solver 2020.0, ESI
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Table 1. Elastic modulus and Poisson’s ratio for anatomi-
cal structures and materials

Elastic modulus Poisson’s ratio

Materials

(GPa) )
Cortical bone 13.7 0.30
Enamel 41 0.30
Dentin 18.6 0.31
PDL 0.05 0.49
Palatal mucosa 0.68 0.45
Soft palate 6E-6 0.45
Pharyngeal tissue 7TE-6 0.45
Zirconia 210 0.27
Cement layer 8 0.33
Co-Cr alloy 211 0.30
Actrylic resin 2.7 0.35

GPa, gigapascal; PDL, periodontal ligament; Co-Cr, cobalt-chromium.

Group) was used to perform the analysis. The maxi-
mum von-Mises stress and displacement values of
the velopharyngeal obturator prosthesis were ana-

lyzed and compared for each experimental model.
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Results

Table 2 showed the maximum von-Mises stress and
displacement values of the velopharyngeal obturator
prosthesis and the abutment teeth for each model.

Concerning biomechanical stress distribution on
the obturator prosthesis, the maximum von-Mises
stress in the metal framework was slightly higher
in model 1 (64.9 MPa) compared to model 2 (54.2
MPa), with both models having the same maximum
stress concentration area at the posterior palatal strap

adjacent to the junction of the metal framework and

obturator bulb (Fig. 3). However, the acrylic resin ob-
turator bulb showed the same maximum von-Mises
stress distribution for both models, with a value of 4.3
MPa.

With regard to the displacement distribution of
the obturator prosthesis and abutment teeth, model
1 and model 2 exhibited similar displacement values,
with 31.3 um and 33.6 pm for the prosthesis, and 0.42
um and 0.31 pm for the abutment teeth, respectively.
Fig. 4 illustrates the displacement distribution pat-
terns of the velopharyngeal obturator prosthesis for
both models.

Table 2. Maximum von-Mises stress and displacement values for obturator prosthesis and abutment teeth

Maximum von-Mises stress (MPa)

Maximum displacement (um)

Model . . .
Metal frame Actylic resin Prosthesis Abutment teeth
Model 1 (mesial occlusal rests) 64.9 4.3 31.3 0.42
Model 2 (distal occlusal rests) 54.2 43 33.6 0.31

MPa, megapascal; um, micrometre.

Fig. 3. von-Mises stress distributions in
the velopharyngeal obturator prosthe-
ses: (A) with mesial occlusal rests, (B)
with distal occlusal rests.

Fig. 4. Displacement distribution pattern A
of the velopharyngeal obturator pros-
theses: (A) with mesial occlusal rests, (B)
with distal occlusal rests.
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Discussion

The dislodgement of the velopharyngeal obtura-
tor prosthesis can be potentially life-threatening for
patients with soft palate defects who have been re-
habilitated with this type of prosthesis. To ensure its
efficient and safe function during speech and swal-
lowing, it is crucial for the velopharyngeal obturator
to remain stable in its position. This study investi-
gated the effect of swallowing tongue pressure on
the biomechanics of the velopharyngeal obturator
prosthesis and determined the appropriate occlusal
rest position for this type of prosthesis by compar-
ing displacement values between the mesial and distal
occlusal rest positions.

During swallowing mechanism, the pressure ex-
erted can vary depending on the size and viscosity of
the bolus, types of swallowing, and anatomical loca-
tions in the pharynx.””' In this study, a pressure of
25 kPa was used to simulate the pressure produced
by the base of the tongue in the oropharynx during
swallowing, based on data from the study conducted
by Qazi et al.”

Previous literature indicates that most studies on
occlusal rest positions have primarily focused on dis-
tal extension removable partial dentures. Considering
the similarity of the posterior extension of the obtu-
rator bulb in the velopharyngeal obturator prosthesis
to the distal extension partial denture scenario, it is
reasonable to compare the findings of this study to
those of previous investigations.

The present study found that the von-Mises stress
in the metal framework was slightly higher for the
mesial occlusal rests compared to the distal occlusal
rests. Similarly, Shahmiri et al. suggested that distal
occlusal rests should be utilized in distal extension
partial dentures to improve stress distribution in
the metal framework and acrylic resin denture base
structures.” In contrast, Zarrati et al. proposed using
both mesial and distal occlusal rests in distal exten-
sion removable partial dentures.”

Basically, moving the occlusal rests from the me-
sial to the distal side of the abutment teeth could
increase the rotation of the denture base. However,

in this study, both mesial and distal occlusal rests
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showed almost the same prosthesis displacement
values. The reason for this is the placement of the
indirect retainer, which was identical in both models
and had the same distance from the fulcrum of the
obturator prosthesis.

In this FEA study, the simulation analysis of the
biomechanics of the velopharyngeal obturator pros-
thesis was restricted to the fully dentulous scenario
and only focused on the occlusal rest position. Fur-
ther research is needed to investigate the biomechan-
ical analysis of the velopharyngeal obturator prosthe-
sis in a fully edentulous condition or with different

retainer designs in partially edentulous conditions.

Conclusion

Within the limitations of this study, it can be con-
cluded that swallowing tongue pressure had a minor
impact on the biomechanics of the velopharyngeal
obturator prosthesis and that distal occlusal rests
showed a slightly better biomechanical response
compared to mesial occlusal rests. The results of this
study could probably assist in retainer design consid-
erations during prosthetic rehabilitation for patients

with velopharyngeal insufficiency.
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