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ABSTRACT

Aim: The aim of this study was to evaluate the stress distribution of a planned removable partial denture (RPD) using new proposals for calibrated
gauges of 0.3 mm and 0.35 mm undercuts through the three-dimensional (3D) finite element methodology, and compare them with 0.25 mm
and 0.5 mm gauges that are already existing in clinical practice.

Materials and methods: Kennedy class-I edentulous 3D models and their respective RPDs (InVesalius software; Rhinoceros and SolidWorks
CAD) were created and exported to the finite element program HyperMesh 2019 for mesh configuration. In the following steps, axial loading
(0°) of 40 N per point was performed, with 3 points on the molars and 2 points on the premolars, totaling 280 N unilaterally. The model was
processed by the OptiStruct 2019 software and imported into the HyperView 2019 software to obtain the stress maps (MPa).

Results: The use of 0.30 and 0.35 mm calibrated gauges presented tensions similar to those with the 0.25 mm gauge (gold standard) and
caused no significant damage to biological structures. The use of a 0.5 mm undercut caused greater traction force in the periodontal ligament
of the abutments.

Conclusions: The 0.35 mm undercut seems promising as it presented more favorable results in this simulation, on the other hand, a 0.5 mm
undercut is greater than that necessary for retainers made of CoCr.

Clinical significance: This study aims to measure a new undercut gauge (0.35 mm) to increase the retention area in abutment teeth of removable

partial dentures.
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INTRODUCTION

The removable partial denture (RPD) presents with advantages
such as replacement of several elements in a single piece, low cost,
and easy access.”® For correct planning, the study of cast models
in a surveyor is necessary.*” This instrument allows the analysis of
inclination and retention of abutment teeth, making it possible to
determine the path of insertion, guide planes, undercut, and correct
position of each RPD component.®-1°

The appropriate retention of abutments is determined by the
calibrated gauge in the surveyor. An ideally retained RPD should
hamper the gingival-occlusal movement without showing great
resistance to its removal.!"'? The calibrated gauges are usually
manufactured in three different undercuts, i.e.,, 0.25 mm, 0.50 mm,
and 0.75 mm,"*'*and used according to the framework material. The
0.25 mm undercut is the gold standard for the cobalt-chromium
(CoCr) alloy.*™®

The continuous process of insertion and removal, associated
with the biomechanics of RPDs during the time of use, can cause
damage to abutments and supporting tissues, thereby leading to
bone resorption, dental mobility, gingival retraction, and even tooth
loss. These consequences negatively affect chewing, phonation,
esthetics, and the quality of life'®™"® and might be due to lack of or
higher retention.?%?'

Several studies demonstrated that RPD clasps lose retention
with continuous use.'?2-2* |nitially, they present with adequate
retention; however, with the continuous process of insertion and
removal ally to masticatory cycles, the clasp loses some of its
retentive strength. In addition, some variables can interfere with the
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predictability of RPD. For example, in vitro studies cannot replicate
the clinical condition.'>?>2 |t is suspected that a calibrated gauge
with a larger diameter could be more beneficial, offering more
retention without damaging the bone tissue or PDL.

Whetheran undercut with anintermediate value for CoCrframes
would be viable for clinical use, presenting with biomechanical
advantages such as increased retention and no damage to
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Figs 1A to D: (A) Three-dimensional model simulating Kennedy's class-l arc; (B) Planned RPD; (C) RPD positioned on the model; and (D) Simulation

of occlusal forces: 40 N per point (total 280 N)

biological tissues, remains unclear.'>2%26 Therefore, further studies
are warranted to determine the best clinical condition and the
calibrated gauge. In this context, 3D finite element methodology is
important because it allows a biomechanical analysis of the stress
distribution in bone tissue structures and adjacent elements, as well
as in metallic elements, making it easier to assess the magnitude
of tension in different perspectives and cuts.”’~*°

The present study aims to evaluate a new proposal for retaining
calibrated gauges with dimensions of 0.3 mm and 0.35 mm,
comparing them with 0.25 mm and 0.5 mm tips, to verify the
distribution of stresses in the RPD structures (von Mises) and
adjacent bone tissue (principal stress) by finite element analysis.
The new undercut gauges with an increase of 20% (0.3 mm) and
40% (0.35 mm) were designed based on the standard model
(0.25 mm). The null hypothesis is that there is no biomechanical
damage using 0.3 and 0.35 mm undercuts when compared with
0.25 and 0.5 mm undercuts.

MATERIALS AND METHODS

Experimental Design

The experimental design follows previous studies.?”3° Four
models were proposed based on the diameter of the calibrated
gauge (0.25,0.3,0.35, and 0.5) to enable the analysis of the stress
distribution with different levels of retention and comparing
it with the gold standard for CoCr alloys (0.25) (Table 1). The
study was developed by researchers from Bauru Dental School
- University of Sao Paulo and Nucleus of Three-Dimensional
Technologies, Renato Archer Information Technology Center - CTI
from 2019 to 2022.
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Three-dimensional FE Modeling

For the execution of this methodology, the following materials
were used: computer (64-bit system, six cores, 64 GB of RAM, 1 TB
of HD), assisted design programs: Rhinoceros 3D (NURBS Modeling
for Windows, USA), HyperMesh 2019 simulation program on the
HyperWorks platform (Altair, Troy, Michigan, USA), OptiStruct 2019
processing software (Altair, Troy, Michigan, USA), and HyperView
visualization software (Altair, Troy, Michigan, USA).

A 3D model simulating a Kennedy class-1 arch (bilateral
toothless) was designed in computer-aided design (CAD) (Fig. 1A).
Subsequently, the RPD was planned according to the standards
established in the literature and then designed in the software
(Fig. 1B). Four infrastructure models were designed, simulating
the use of calibrated gauges of 0.25 (A25), 0.3 (B30), 0.35 (C35), and
0.5 mm (D50) (Fig. 1C), comprising of 4 groups and 4 finite elements
analyses (Table 1).

The finished 3D model, including cortical bone, sponge bone,
dentin, periodontal ligament, residual ridge mucosa, resin, and
RPD (Co-Cr alloy), was exported to the HyperMesh 2019 finite
element program to prepare the finite element meshes using
the solid tetrahedral element. The mechanical properties of the
simulated materials were inserted into the software (Table 2). The
structure was fixed on the lateral surfaces (x- y- and z-axes), while
the base was free or suspended. Specifically, the mesial surface
was fixed only on the x-axis due to the model’s symmetry. Thus,
the rest of the model remained under the action of the applied
forces and with the possibility of movement and distribution of
tensions. The simulated contacts were of the glued type, except
for the frame in the region of the clasps being a contact of the
sliding type.
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Table 1: Proposed experimental design

Kennedy’s classification Framework alloy Undercut

0.25

0.30
Class | CoCr

0.35

0.50

Table 2: Material properties of finite element models
Elastic Poisson

Material modulus (MPa) ratio  References
Cortical bone 11,760 0.25 Nakamura et al., 2014%
Sponge bone 1,470 0.3 Nakamura et al., 2014%7
Periodontal 9.8 045  Mizuno etal, 2016°'
ligament
Residual ridge 680 045  Verrietal, 20112
mucosa
Resin 2,450 03 Nakamura et al., 20143’
Co-Cr alloy 2%10° 030  Mizuno etal, 2016
Dentin 18,600 035  Nakamura etal., 2014%

A 40-N unilateral force was applied per point, with 3 points on
the molar and 2 points on the premolars simulating a masticatory
force of 280 N (Fig. 1D).

Analysis of the Stress Distribution

The results were evaluated using principal stress maps for friable
materials, such as bone structure, the unit of measurement was
megapascals (MPa). The displacement was plotted in values
expressed in millimeters (mm). Finally, the von Mises stress analysis
was designed to interpret the total sum of stresses in specific
metallic regions. A particular analysis of different structures (metal
framework, periodontal ligament, mandible bone, and alveolar
bone) was executed to make a comparison between the proposed
groups.273032

REesuLTs

Metal Framework

In an analysis of the von Mises stresses for the metallic frame, it
was possible to verify that the highest intensity of stress was in the
transition region between the saddle and the lingual bar, existing
over an area of concentration in the range of 1.33E + 00 MPa, as
well as on the proximal plate and in the center of the lingual bar
for all models (Figs 2A-P).

On a closer view, the proximal plate was seen through an
internal view in the region that comes into contact with the column,
where the stress in the different models was similar. The stress was
higher (2.00E + 00 MPa) in the upper region. Models C35 and D50
had smaller total areas of tension on the proximal plate (Figs 2I-L).

Regarding the retainers, there was no significant difference
in the stress distribution in this simulation. Notably, group D50
(Fig. 2H) presented with a higher-intensity stress at the tip of
clasp | (4.4E-01 to 8.8E-01 MPa).

Periodontal Ligament

In maximum principal stress (MPS) analysis (Figs 3A-P), there was a
similar pattern of stress distribution for models A25, B30, and C35;
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however, model D50 had a larger area of tension in teeth pillars
than the others (-1.6 to 6.6 MPa, Figs 3A-D). Groups A25, B30, and
C35 showed areas of higher compression than D50 on the distal
face of elements 33 and 43 (Figs 3D and L). However, in groups
A25, B30, and C35, there was more traction in the mesial region
of the PDL (element 33) than model D50 (Figs 2E-G). The group
(35 presented with higher compression in the mesial region of 43
abutments (Fig. 3C).

Intheroot apex region, models A25, B30, and C35 demonstrated
regions of compression in the root apices of elements 33 and 43
(-2.6 to-1.8 MPa), while model D50 showed an area of more traction
(-1.6to 6.6 MPa). In the other elements (32, 31,41, and 42), the values
between the groups were similar.

Mandible Bone

In the mandible bone (Figs 4A-D), the greatest stress (3.7-4.4
MPa) was concentrated on the right side where the force was
applied in the region where the simulated RPD saddle ended, but
no differences were observed in relevant values between groups.

Alveolar Bone

In the alveolar bone (Figs 5A-D), model D50 represented the group
with the largest area and highest tensile stress value in the alveolar
bone on the side contralateral to the applied force, buccal wall of
the alveolus of element 33 (1.6-2.3 MPa), and compression areas
in the mesial region (-6.2 to 0.1 MPa). In contrast, models A25, B30,
and C35 demonstrated traction area in the vestibulo-mesial region
(0.8-1.6 MPa). In element 43, adjacent to the force applied in the
simulation, models A25, B30, and C35 demonstrated similar values
with higher compression in the distal region (-6.2 to 0.1 MPa) when
compared with group D50 (0.1-0.8 MPa).

In general, the use of a 0.5 mm undercut caused greater traction
force in retainers, periodontal ligament of the abutments (apical
region), and alveolar bone. The 0.3 mm and 0.35 mm undercut
options showed a similar distribution when compared with the
control group (0.25 mm).

Discussion

Removable partial denture is a frequently used treatment
modality in the dental clinic. The loss of posterior teeth is a routine
clinical condition, where rehabilitation with RPD class | requires
support not only of the teeth but also of the alveolar ridge. This
biomechanical lever of functional interaction requires good support
and adequate planning to protect tissues, and, at the same time,
promote function. The aim of this study was to investigate whether
the increase in retention in RPDs with two new proposals for
calibrated gauges would generate responses similar to biological
tissues compared with the gold standard of 0.25 mm for frames
in CoCr. The null hypothesis was confirmed, with similarities in
groups A25, B30, and C35 in the simulation. This means that the
tested calibrated gauges, 0.30 and 0.35 mm, with more retention,
caused biomechanical responses similar to the 0.25 mm undercut
without major damage to the teeth, periodontium, or bone tissue.
In contrast, the D50 model, with a 0.5 mm undercut, showed the
most divergent results, especially in the periodontal tissue analysis,
with a greater area of tensile stress (-1.6 to 6.6 MPa) in the abutments
(33 and 43) than the other groups.

In this context, the study of retention is a relevant point for
removable prostheses. Cheng et al."? described the properties of
the CoCr alloy with insertion and removal tests under calibration
of 0.25 mm and 0.5 mm, observing the retentive strength in each
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Figs 2A to P: Metal framework (calibrated gauges of 0.25, 0.3, 0.35, and 0.5 mm) with visualization of regions of interest: (A-D) Occlusal view; (E-H)
Right-side dental clasp, buccal view; (I-L) Right-side proximal plaque, internal view; and (M-P) Right-side dental clasp, lingual view

@A o35mm 0.50 mm 0] 0.35 mm 0.50 mm

Figs 3A to P: Periodontal ligament (calibrated gauges of 0.25, 0.3, 0.35, and 0.5 mm) with visualization of regions of interest: (A-D) Lingual view;
(E-H) Buccal view; (I-L) Left-side view; (M—P) Root apex view
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Figs 4A to D: Mandible bone with visualization of occlusal view: (A) A25 group; (B) B30 group; (C) C35 group; and (D) D50 group

0.35 mm D |

Figs 5A to D: Alveolar bone with visualization of occlusal view: (A) A25 group; (B) B30 group; (C) C35 group; and (D) D50 group

0.50 mm

cycle, where retention decreased dramatically after the first test
cycle in all groups and continued to decrease in the following
phases. They also described that the retentive force was greater in
the 0.5 mm group, but the permanent deformation of the metallic
alloy would invariably occur, highlighting that the proportional

limit of deformation of the material would be greater than 0.25 and
less than 0.5 mm. However, no removal test was performed in this
study, which is one of its limitations.

Alageel et al.>® stated that the inadequate infrastructure of
an RPD, specifically clasps, results in insufficient retention, which

\1234' The Journal of Contemporary Dental Practice, Volume 23 Issue 12 (December 2022)
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is one of the main aspects of patient dissatisfaction. The authors
carried out retention tests in an in vitro study, with the objective
of obtaining ideal retention, and described the loss of retention
of metallic clasps in all groups (wrought wire, circumferential,
and I-bar). In agreement with these results, other studies also
described the significant loss of retention of metal clasps using
0.25 and 0.5 mm undercuts using different clinical situations.?’~2°
These authors analyzed this effect in situations: natural fresh
saliva,?' clasp material (acetate, resin, Co-Cr, Ag-Pd, Gold, and
Ti-Nialloys),?2?*2?> changes in the dental abutment with composite
resin-recontoured,?> and prosthesis material (monolithic zirconia
and Ag-Pd full-metal crowns).?*

In addition to adequate retention, RPD must have reasonable
esthetics and cause minimal trauma to the remaining tissues. When
inadequate planning and displacements outside the expected
standards occur, the incorrect movement of the denture can cause
even more damage to dental elements and supporting tissues.
The poor condition of the abutment and changes in PDL caused
by improper stress affect the beneficial effect of rehabilitation.
Therefore, planning is essential and must consider not only
retention and esthetics but also tension in the abutment and oral
tissues.

The PDL is a thin membrane of the conjunctive tissue, and
its physiological and pathological responses are distinct across
individuals. Its physiology is difficult to study because the PDL is
extremely thin, delicate, and complex. Its biomechanical behavior
is still not well understood despite being studied for over a hundred
years, and there is no consensus in the literature about its stress
limits. Since stress in the human periodontium is difficult to measure
clinically, it remains unclear as to what extent the forces of an RPD are
acting on that tissue.3*~3® Despite this, some authors have described
the biomechanical behavior of the PDL with RPDs, using the finite
element methodology. Muraki et al.>* applied vertical load to the
supports of an RPD and observed that the maximum tension in the
PDL was 0.35 MPa. According to the authors, the displacements and
tensions were relatively small and were all within the physiological
limitations of the tissues, being less than the critical stress, which
may be harmful for the bone.

Similarly, Nakamura et al.?” described the stress in the
supporting tissues simulating a Kennedy class-Il RPD under 200
N load (40 N per point). The authors simulated different clasps on
the abutment teeth and concluded that the class-I clasp, which
was used in the simulation of the present study, demonstrated the
lowest stress in the PDL of the direct abutment (second premolar)
and minimum tension in the PDL of the first premolar, being well
indicated for regions without posterior support.

Some studies sought to analyze the stress distribution in the
periodontium in different clinical situations. Ortiz-Puigpelat et al.3®
described, through the von Mises analysis, stress in the PDL while
simulating an oblique masticatory force of 200 N on RPDs with and
without implants in the posterior region. They observed that the
highest tension in the PDL was found in the control group, without
implants (27%); however, the values were very similar between all
models (0.101-0.105 MPa). Chen et al.> simulated a class-| RPD and,
by using von Mises analysis, obtained maximum stress of the PDL
of 0.17 + 0.01 MPa for frames in CoCr. A vertical load of 120 N was
applied to the occlusal surface of the first molars.

The authors mentioned above described the biomechanical
behavior of the PDL with finite elements and removable prostheses
in their studies. In the present study, the stress was very similar
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between the groups when the metal frame was compared by the
analysis of von Mises in the ridge and the alveolar bone. However,
the groups showed differences when the PDL was compared. In
group D50, during an analysis of the main maximum stress, the
PDL showed an average traction of 1.6-6.6 MPa in the columns
without compression regions. In contrast, groups A25, B30, and C35
demonstrated areas of traction and compression according to the
direction of the unilateral load applied. While the direct and distal
pillars suffered compression, there was traction on the opposite
side, since the force applied on the other side would cause the
same effect, such as functional chewing.

No previous study has introduced new calibrated gauges in
simulations for a possible increase in nonharmful retention. In
the present study, the tension maps of the metallic frame and
biological tissues were very similar in the four groups, exceptin the
PDL, where group D50 presented with the highest area of traction
in the pillar elements 33 and 43, indicating that this group would
possibly cause greater trauma to abutments than the other groups.
However, further studies are needed to confirm these findings.
This does not preclude the use of other gauges but increases the
possibility that greater retention is specifically directed to different
materials with the largest elastic module for making the framework.
This process can be facilitated, for example, with the advent of CAD
and computer-aided manufacturing (CAD-CAM) technology and
the use of new materials in dentistry.

Different studies describe the relationship between RPD and
oral tissues in different ways, presenting different objectives,
methodologies, prosthesis design, pillar tooth, unilateral or
bilateral strength, infrastructure material, and mathematical
analyses. In this respect, comparing the results is difficult,
requiring further studies in the area. It is prudent to seek the
best methodology for modeling and analysis of stress involving
finite elements since the mathematical data follow the pattern
of computational information that was previously established
and may result in highly variable components depending on the
methodology used.

CONCLUSION

The 0.30 and 0.35 mm calibrated gauges presented tissue tensions
similar to the 0.25 mm gold standard, causing no more significant
damage to biological structures, indicating that it is possible to
increase retention using these undercuts without causing the
increase in stress areas in the abutment teeth and surrounding
structures.

The 0.35 mm undercut was promising as it presented with more
favorable results in this simulation, but further studies are necessary
to confirm these findings.
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