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ABSTRACT

Prosthetic management for edentulism could be challenging with the Inadequate interocclusal space due to enlargement of the maxillary
tuberosity, causes difficulties in artificial tooth placement. Hence, reducing numbers of artificial teeth is indicated which is in line with the
shortened dental arches (SDA) concept. The SDA concept could provide good occlusal and mandibular stability, comfort in mastication and
appearance. An increase in strain distribution value in the anterior region of the mandible was found in the SDA due to partial changes of
the occlusal load distribution pattern. Strain distribution can be analyzed using Finite Element Analysis (FEA). This literature review aims
to analyse the strain distribution on SDA complete denture using finite element analysis. The SDA concept was aimed at preserving the
anterior and premolar regions. Masticatory ability is correlated with the number of teeth and is impaired if there are less than 20 teeth.
Based on FEA, the increase in strain distribution value in the SDA concept is due to changes in occlusal load distribution pattern, masticato-
ry muscle activity and tissue morphology that is susceptible to stress. Nevertheless, the strain value in SDA models were of lower intensity
than the yield reported to cause deterioration effects. In maxillary complete denture, the highest strain value was found at the incisal and
labial frenal notches. Strain distribution on shortened dental arches using finite element analysis shows a satisfactory masticatory ability

and an increase in the value of stress distribution in the anterior region of the mandible. (1JP 2024;5(2):107-110)

Introduction

Prosthetic management of edentulism can be challenging with the
presence of limited interocclusal space. This condition is caused by
prolonged edentulous state which create extrusion of opposing teeth
combined with alveolar extrusion such as maxillary tuberosities overgrowth.!
In result, inadequate interocclusal space makes difficulty in complete
denture fabrication especially on the artificial teeth placement. Surgical
intervention like maxillary tuberosities reduction could solve the problem.
However, there are times when surgery is not judicious.? Hence, reducing
numbers of artificial teeth in complete denture fabrication is indicated which
is in line with the shortened dental arches (SDA) concept.

SDA is defined as having an intact anterior region but a reduced
number of occluding pairs of posterior teeth This concept was aimed at
preserving the anterior and premolar region. Masticatory ability is correlated
with the number of teeth and is impaired if there are less than 20 teeth and
this statement are supported too by the World Health Organization whom
indicates that a functional, aesthetic, natural dentition has at least 20 teeth

Finite element analysis (FEA) is one of the research tools that has
become increasingly popular in dental research for biomechanical analysis
due to its simplicity and reproducibility. It allows simple measurements to be
made on models with complex geometries, provides information about the
state of overall stress in the models, and enables quantitative study of the
effect of force application* FEA have been successfully applied to analyse

the effects of different occlusal forces on tooth positioning and
occlusal stability on complete dental arch.> Knowing that there are still
lack of studies on SDA complete dentures, the use of FEA may
improve understanding of the stress distribution on the SDA complete
dentures. This literature review aims to discuss the strain distribution
on SDA complete denture using finite element analysis.

Literature Studies
Complete Denture

Complete denture is a fixed or removable dental prosthesis
that replaces the entire dentition and associated structures of the
maxillae or mandible.s The foundation of complete denture is made
up of bone and covering soft tissues. The denture base rests on the
mucous membrane, which serves as a cushion between the denture
base and the supporting bone. The goal on fabricating complete
denture includes maximizing the extension of the denture base
increases surface area and spreads the “pressure” of mastication and
tooth contacts during swallowing over a greater surface area. These
involve capturing the anatomical landmark of both maxilla and
mandibula, compromising two areas: stress-bearing (or supporting)
area and peripheral (or limiting) area.’

The maxillary tuberosity is one of the maxilla anatomical
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Table 1. Number of occluding pair of teeth
required based on age

Age Functional Level  Occluding Pair
20-50 | - Optimal 12

40-80 Il - Suboptimal 10 (SDA)
70-100 Il - Minimal 8 (ESDA)

L
iy
. 2

Figure 1. Schematic representation of SDA Classification

landmarks which offer considerable support on denture as it consists of
dense fibrous connective tissues with minimal compressibility” It is
located in the posterior inferior extension of the maxillary bone, bounded
mesially by the last erupted molar and maxillary sinus, and distally by the
pterygopalatine fissure and pyramidal process of the palatine bone.?

Enlarged maxillary tuberosities, which may consist of soft
tissue, bone or both, may be caused by combination syndrome or so
called Kelly's syndrome and extrusion of maxillary posterior teeth and
alveolar associated with an untreated Kennedy class 1type of mandibu-
lar dentition.”®

Excesses in the area of the maxillary tuberosity may encroach
on the interocclusal space and decrease the overall freeway space
needed for proper prosthetic function.© When the maxillary tuberosities
are so large that they prevent the correct location of the occlusal plane,
require the omission of some teeth, or prevent the correct distal
extensions of the denture bases.” Surgical intervention like maxillary
tuberosities reduction could solve the problem. However, there are times
when surgery is not judicious, especially on elderly and medically
compromised patient2 Hence, reducing numbers of artificial teeth in
complete denture fabrication is indicated which is in line with the
shortened dental arches (SDA) concept.
Shortened dental arches (SDA)

The term 'shortened dental arches' (SDA) was first used in 1981
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by the Dutch prosthodontist Arnd Kayser for a dentition with loss of
posterior teeth11 The SDA is defined as having an intact anterior region
but a reduced number of occluding pairs of posterior teeth. This
concept was aimed at preserving the anterior and premolar region.?

SDA has been classified into five classes:' lla — asymmetrical
(3-4 pre-molars and 1-2 molars); llb — asymmetrical (2-3 pre-molars
and 1 molar); llla — symmetrical (3-4 pre-molars and 2 molars); Illb -
symmetrical (3-4 pre-molars); IV - extremely shortened (0-2 premo-
lars and no molars).

Table 1suggests minimum number of occluding pair of teeth
required based on age and other factors to provide satisfactory levels of
oral function.”?

Masticatory ability is correlated with the number of teeth and
is impaired if there are less than 20 teeth- Kayser estimated the
minimum number of teeth needed to satisfy functional demands of
modern man:"" Biting: 12 front teeth + 4 premolars; Mastication: 8
premolars + 4 molars; Speech: 12 front teeth; Aesthetics, 12 front teeth
+ 4 premolars in the maxilla; Mandibular stability: 12 front teeth + 8
premolars + (4 molars in some cases).

SDA may be appropriate for patients meeting the following
criteria:’? Progressive caries and periodontal disease confined mainly to
the molars; Good long term prognosis for the anterior teeth; Financial
and other limitations to dental care.

The contraindications of SDA include:? Severe maxilloman-
dibular discrepancy (eg. Severe angle class Il and class Il relationship);
Anterior open bite; Parafunctional habits; Preexisting craniomandibu-
lar dysfunction; Marked pathological tooth wear; Marked reduction in
alveolar bone support (eg. advanced periodontal disease); Patient
below 50 years of age.

Probable advantages of SDA are2 Simplification of
extensive restorative management; Easier maintenance for both the
patient and the dentist; Simplification of oral hygiene maintenance;
Good prognosis for the remaining teeth: if the patient learns to maintain
his/her own dentition:

The prognosis on SDA depends on:2 Maintenance of good
oral health; The maxillomandibular jaw relationship; The age of the
patient; The periodontal status of the anterior and premolar teeth; The
adaptive potential of the TMJ; Occlusal stability

The SDA concept could provide good occlusal and mandib-
ular stability, comfort in mastication and appearance Sufficient
adaptive capacity in subjects with SDA achieved when at least four
occlusal units are left ‘one unit corresponds to a pair of occluding
premolars; two units correspond to a pair of occluding molars).

The World Health Organization too indicates that a function-
al, aesthetic, natural dentition has at least 20 teeth, provided a strong
support by suggesting that the SDA concept was a possible clinical
alternative in certain conditions."

Strain distribution

Strain, or the change in length per unit length, is the relative
deformation of an object subjected to a stress. Strain may be either
elastic, plastic, elastic and plastic: or viscoelastic. Elastic strain is reversi-
ble where the object fully recovers its original shape when the force is
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removed. Plastic strain represents a permanent deformation of the
material while viscoelastic materials deform by exhibiting both proper
ties (viscous and elastic characteristic) and a time dependent strain
behavior.3

Strain distribution analysis allow further understanding of
transmitted stress to the underlying structures to denture bases where
excessive stress may result in denture failure such as denture bases
deformation.”*

Various methods can be used to study stress distribution in
dentures such as brittle lacquer coatings strain gauges, photoelasticity,
holography, mathematical equations, and finite element analysis (FEA).
Among all these methods, FEA has become increasingly popular for
stress analysis due to its improved simplicity and reproducibility.*
Finite element analysis

Finite element analysis (FEA) is one of the research tools that
has become increasingly popular in dental research for biomechanical
analysis due to its simplicity and reproducibility. It allows simple
measurements to be made on models with complex geometries,
provides information about the state of overall stress in the models, and
enables quantitative study of the effect of force application.* FEA have
been successfully applied to analyse the effects of different occlusal
forces on tooth positioning and occlusal stability on complete dental
arch.®

Discussion
The FEA method has been established as a standardised scientific
procedure for qualitative assessment of the stress distribution in various
structures, and it has been used to evaluate the stress distribution
underneath the complete denture in the residual alveolar bone.®

FEA study on conventional maxillary complete denture by
Cheng et al showed that the highest tensile and compressive strains
were found at the incisal notches and labial frenal notches, respectively.
These results agreed with the findings of Matthew and Wain using
brittle lacquear coating found that crack lines in anterior palate of
intaglio surface originated from the tip of the incisal notch. The high
tensile strain concentration at the incisal notch is likely to be the cause
of denture fracture during clinical service. One of the most likely reasons
on crack initiation and propagation in incisal notch which result faster
rate of denture fracture is the repeated high occlusal load by the oppos-
ing natural dentition. On the other hand, Hargreaves observed that a
deep labial frenal notch was the cause of midline fracture due to high
tensile strain and labial frenectomy is advised to reduce the strain
concentration.*

Literature indicates that masticatory ability closely correlates
with the number of teeth and is impaired when there are fewer than 20
uniformly distributed teeth in the mouth.? In the study of dentate a
shortened dental arch does not affect masticatory efficiency and might
be suggested as an alternative treatment. This statement is further
supported by the research of legami et al where in complete denture
wearers, the absence of second molars also did not affect masticatory
efficiency, despite the reduction in occlusal area!’

In terms of number of occluding pair of teeth and mastication
in dentate subject, it was concluded that SDA with intact premolar
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regions and at least one occluding pair of molars provided sufficient
chewing ability. The chewing ability deteriorated with a decrease of
occluding pairs of teeth, especially for hard foods. Subjects with
extreme SDA (0 to 2 occluding premolars) complained of severely
reduced chewing ability11 Likewise, subjects with asymmetric arches
and unevenly distributed teeth reported greater masticatory difficulty
than subjects with more complete dental arches.?

FEA study in dentate subject revealed that shortening the
dental arch partially changed the pattern of occlusal load distribution
and increased stress and strain in the anterior mandibular segment as
the occlusal loading shift anteriorly. A location of the areas of higher
stress despite associated with the loading position, site and the
morphology of the material or tissue is also susceptible to stress. Never-
theless, the strain value in SDA models were of lower intensity than the
yield reported to cause deterioration effects.’®'”

Conclusion and Suggestion

The SDA concept is an example of problem-oriented approach and
could be implemented in complete denture fabrication to manage
reduced interocclusal space caused by enlarged tuberosities without
the need of surgical intervention. With the minimum of 20 occluding
units, it could provide good occlusal and mandibular stability, comfort
in mastication and appearance. FEA study in dentate subject revealed
that shortening the dental arch partially changed the pattern of
occlusal load distribution and increased stress and strain in the anterior
mandibular segment.

The use of FEA can improve understanding and help
describing how the strain distribution on the denture base, and the
result allow the outlook of possible risk of SDA complete denture bases
complications in the future. Knowing that there is still limited study
conducted on SDA complete denture, therefore, more studies are
needed to assess stress distribution on SDA complete denture for the
application on theoretical and clinical scopes.
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