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REVIEW

Assessment of stress distribution and displacement of complete dentures on
flabby ridge with multiple occlusion schemes using finite element analysis

Nanda Iswa Maysfera, Ariyani, Ismet Danial Nasution®

ABSTRACT

Loss of teeth and supporting tissues, which are functional components of the stomatognathic
system, significantly affects masticatory function. Flabby ridges are one of the soft tissue
anomalies in the edentulous. The main choice of treatment for edentulous patients with flabby
ridges issues is a complete denture (CD). Flabby ridges cause problems with the retention and
stabilization of the CD which causes displacement of the denture base during function.
Lingualized and linear occlusion schemes were used to overcome the stabilization of CD by
reducing stress distribution in the flabby ridge area when obtaining masticatory load. Assessment
of stress distribution and displacement of CD can be analyzed using Finite Element Analysis (FEA).
This paper describes the use of FEA to assess the stress distribution and displacement of CD on flabby
ridges by simulating axial and oblique forces in lingualized and linear occlusion schemes. The use of FEA
for assessing stress distribution and displacement of CD in flabby ridges with multiple occlusion

Keywords: Displacement of complete
denture, Finite element analysis,
Flabby ridges, Occlusion schemes,
Stress distribution.

schemes has advantages in terms of accuracy and flexibility. (IJP 2024;5(1):1-5)

INTRODUCTION

The stomatognathic system is a complex system with several
functional components that work together. Stomatognathic
components consist of teeth, bones, joints, ligaments and other
supporting tissues.! According to the Glossary of Prosthodontic
Terms, the stomatognathic system is a combination of several
structures involved in speech, mastication, swallowing, and
parafunctional functions.” Disruption one of the functional
components of the stomatognathic system, such as tooth loss,
will affect masticatory function, impacting quality of life and
nutritional intake. Demographic data on the elderly population
indicate demand to rehabilitate edentulous patients has
remained high for decades.”> According to the 2018 National
Basic Health Research Report, the proportion of edentulous
cases is 2.6 percent for people aged 55 to 64, and 9 percent for
people aged 65 and up.* Edentulous rehabilitation with complete
dentures (CD) is generally considered acceptable because it
provides the desired aesthetics as well as occlusal support for
mastication and allows the patient to speak normally.**

Specialist Program in Prosthodontics, Faculty of Dentistry, Universitas Sumatera Utara
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The use of CD on flabby ridges will affect retention
and stabilization. Flabby ridge is a condition in which
the alveolar ridge is easily moved due to bone
replacement with fibrous tissue. It is most common in
the maxillary anterior, especially when the mandible still
has natural anterior teeth and the maxillary ridge is weak
underpressure from the mandibular anterior natural
teeth.”® The amount and pattern of pressure applied to
the oral mucosa is an important aspect of denture
treatment that affects CD stabilization and retention.”
One method for achieving CD retention and stabilization
is to use a lingualized and linear occlusion scheme, which
aims to achieve an even stress distribution and reduce
the occurrence of displacement in the CD.*>®” The
number of occlusal contacts was significantly reduced
with the lingualized and linear occlusion schemes
compared to the conventional occlusion scheme. The
masticatory pressure applied to the mandibular alveolar
ridge with this occlusion scheme is directed towards to


http://crossmark.crossref.org/dialog/?doi=10.1016/j.prosdent.2022.06.020&domain=pdf
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Lingualized occlusion during lateral movement.
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Linear occlusion in centric and eccentric relations.
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the center of the ridge, increasing the stability of the
mandibular denture and avoiding crossbites.'?

Finite Element Analysis (FEA) is an important research tool
in dental research for biomechanical analysis. This method has
the advantages of being non-invasive, allowing visualization
of overlapping structures, and allowing the determination of
material properties of anatomic craniofacial structures. This
method can determine the magnitude, location, and direction
of an applied force in addition to assign theoretically
measurable stress points. Furthermore, because it has no effect
on the physical properties of the material being analyzed, it
can be repeated as many times as necessary.'* The use of FEA
is expected to improve understanding of the stress distribution
and displacement of complete dentures with flabby ridge in
different occlusion schemes.”?

LITERATURE STUDIES
The Effect of Edentulus on Mastication
Definition

According to the Glossary of Prosthodontic Terms,
mastication is the process of chewing food for swallowing
and digestion.”"® The masticatory system is a complex and
interconnected system of muscles, bones, ligaments, teeth, and
nerves.™* Masticatory performance is affected by factors such
as the number of natural teeth, occlusal strength, and tongue
pressure. It is known that the number of teeth below 20 teeth
can affect the efficiency, performance and masticatory ability."?
Flabby Ridges

According to the Glossary of Prosthodontic Terms 9 (GPT)
flabby ridge is defined as excessive movable tissue.”'”
Historically, the flabby ridge in the maxillary anterior region was
a feature of the ‘combination syndrome’ as identified by Kelly
in 1972. The combination syndrome occurs in patients with
full maxillary edentulous antagonizes the mandibular Kennedy
Class I partial dentition.”'®

Flabby ridges caused by uncontrolled tooth extraction,
excessive occlusal load on the residual maxillary ridge, unstable
occlusal relationships, and flabby tissue often accompanied by
atrophic and knife edge ridges.'” ' The mucosa of the flabby
ridges is highly mobile and loses its attachment to the periosteal
tissue that covers the bone. Flabby ridge provides limited
support for CD. Masticatory pressure can cause displacement
of the denture and loss of peripheral seal.'”

Flabby Ridges Classification

Stefanescu C et al. classify the flabby ridges as follows:'?
By location: Upper frontal edentulous ridge (very often); Upper
fronto-lateral edentulous ridge (often); Maxillary tuberosity (rare);
Lower frontal edentulous ridge (very often); Lower fronto-lateral
edentulous ridge (rare); Retromolar pad (often).

Based on the structure: Hyperplasic, keratinized, with high
antero-posterior and supero-inferior thickness; Atrophic, thin,
small antero-posterior thickness and increased supero-inferior
length; Apparently histological normal appearance at inspection,
but with increased mobilityin all directions.

Flabby Ridges Management
Various managements of flabby ridges have been proposed,

Nanda Iswa Maysfera et al
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both surgical and non-surgical procedures. Surgical procedures
to remove flabby ridges include pre-prosthetic treatment.
Surgical procedures on a flabby ridge usually result in the loss
of a portion of the vestibular area which can affect the stability
of the denture. Either a ridge augmentation procedure using
bone graft or platelet rich fibrin (PRF) can be performed but
the prognosis is questionable. The implant procedure may also
be considered as part of the flabby treatment plan. However,
both augmentation and implant procedures have many factors
to consider, such as patient age, history of systemic disease,
surgical risks and complications, and implant failure.”*?

Non-surgical management is a prosthodontic approach. In
the principle of prosthodontics, of course, the use of an
unfavorable ridge is still better than nothing. The treatment of
flabby edges with various printing methods and materials is
frequently discussed in various literatures.'” Determining the
best occlusion scheme is also important for achieving denture
stability in cases of flabby ridges. Lingualized and linear occlusion
are frequently used to maximize the stability, esthetics, and
function of the CD in cases of severe alveolar ridge resorption
and flabby ridges.
Occlusion Scheme

The occlusal scheme is defined as the shape and
arrangement of the occlusal contacts in natural teeth and
dentures. The occlusal scheme determines the pattern of
occlusal contact between opposing teeth during centric relation
and the functional movement of the mandible The amount
and direction of the force transmitted through the denture
base to the residual ridge is determined by the quantity and
intensity of this contact. That is why the occlusal scheme is an
important factor in the design of complete denture prostheses.
29 Over the years a number of occlusion concepts have been
developed for complete dentures. The main goal is to keep the
load on the bone within physiological limits. Lingualized and
linear occlusion are the two most popular occlusion schemes
for complete dentures with flabby ridges.”*
Lingualized Occlusion

This concept was introduced by Alfred Gysi in 1927 and
SH Payne in 1941: ‘cusp-to-fossa occlusion’ and Pound:
‘lingualized oclusion’. Lingual occlusion can be defined as, a
form of denture occlusion in which the maxillary lingual cusp
articulates with the mandibular occlusal surface in centric
working and non-working side mandibular positions (Fig.1).
82022 Indications of a lingualized occlusion scheme are severe
alveolar resorption, class II jaw relations, complete dentures on
flabby ridges againts removable partial dentures and patients
with parafunctional habits. Aesthetic results can be achieved
by anchoring the anatomical upper posterior teeth in lingual
occlusion. During lateral movement, the contact that occurs on
the working side is only between the lingual cusps of the
maxillary and mandibular posterior teeth, on the balancing
side there is contact between the palatal cusps of the upper
denture and the lingual inner curve of the buccal cusps of the
lower denture, as occurs in the conventional concept of
occlusion (Fig.2).>*2?
Advantages of Lingualized occlusion

The vertical force of masticatory pressure is concentrated at
the mandibular ridge; Cusp shape is more aesthetic than non-

Nanda Iswa Maysfera et al

anatomical tooth shape; It can be used in patients with various
conditions; Better food bolus penetration; Additional stability
is obtained during parafunctional movements with balanced
occlusion; It is easier to adjust the occlusion; Can be used in
Class 11, Class III, and crossbites.”®

In general, it can be said that there are no contraindications
to the use of lingualized occlusion. This occlusion scheme is
used in patients who expect esthetics but minimize pressure
during mastication and parafunctional movements as a result
of severe ridges resorption and flabby tissue or abnormal jaw
relationship and large spaces between the ridges.

Linear Occlusion

The occlusal adjustment of the denture was made on the
basis of a horizontal plane without anterior overlap (overbite =
0) using the maxillary posterior denture elements with
nonanatomical occlusal surfaces and in contact with the occlusal
surfaces of the mandibular posterior denture elements which
had a straight, long and shaped shape. narrow occlusal surface
resembling a line (Fig.3).%>"

Linear occlusion consists of the following basic parameters;
Zero-degree teeth (flat plane) are in line with the bladed teeth
(line contact) where the blade is in a straight line just above
the crest of the ridge; The maxillary teeth are arranged in a
monoplane with relation to the occlusal plane; There was no
interference with the anterior teeth during protrusive or lateral
movements.”*

According to Gronas and Stout, linear occlusion has the
potential to generate the smallest lateral forces. In linear
occlusion, the bladed teeth are placed on the jaw that requires
the most stability. Because the lower jaw usually requires denture
stability, the blade teeth in this occlusion scheme are placed on
the lower jaw. In the centric and eccentric relation, the occlusive
force between the blade teeth and the zero degree teeth occurs
in the vertical direction (Fig. 3). The location of masticatory
pressure on the mandible does not change significantly in
different occlusion positions. Because there is little contact area
between the plane and the blade teeth, denture displacement
is reduced due to low frictional resistance.”*

Stress Distribution and Displacement

Dentures depend on the mucosa and residual ridges for
support, so it is critical to minimize excessive residual ridge
resorption by distributing the occlusal load evenly. In the absence
of natural teeth, mechanoreceptors and proprioceptive functions
are maintained through continuous stimulation of the denture
base and oral mucosa. As an outcome, the pattern of intraoral
pressure within the oral cavity is determined by acceptable
functional behaviors like mastication, swallowing, and speech,
as well as parafunctional behaviors like bruxism.”

Mucosal capacity continuous load from denture is a variable
that depends on the level and duration of mechanical load during
denture wear, there is limited knowledge about the physiological
parameters for oral mucosal pain threshold. In particular, the
Pressure Pain Threshold (PPT), is a major area of concern in
denture treatment because it is the maximum pressure before
pain is experienced by the patient.” The pressure pain threshold
(PPT) in the lower edentulous area was reported to be 630 kPa.

Occlusal forces in the range of 65-110 N, generated on
premolars and molars, have been shown to be sufficient to pro-
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cess most foods.” The masticatory efficiency depends not only
on the stability of the denture but also on the compression of
mastication against the mucosa under the denture. Chewing
and swallowing as the most frequently performed activities
tend to occur in a vertical direction.® However, movement in
the lateral or oblique direction has the most damaging effect
due to displacement of the denture so that the masticatory load
is distributed unequally over the entire supporting tissue, with
the area receiving greater stress than the other areas.'”

Alveolar bone resorption will occur at an unpredictable rate
after natural teeth are extracted and will severely destabilize the
complete denture if the alveolar ridges move excessively (>2 mm)
or are of a soft consistency under light stress.”® In mandibular
dentures there is a large displacement of the mucosa during the
transmission of masticatory pressure especially when oblique
forces are applied in relation to the occlusal surface. Denture
displacement is kept to a minimum during the masticatory
process by using an appropriate occlusion scheme. Clinical trials
have shown that denture displacement increases with the size
of the food piece.'”

Transmission of occlusal forces in mastication is only
possible if the mandibular denture is in a stable condition when
in contact with the maxillary denture on the non-working side.
During in vivo studies of the masticatory process, significant
denture displacements have been reported up to 1 mm, despite
the articulations being balanced. Stabilization is achieved by
various occlusion schemes selected by the dentist according to
the intraoral situation."”

Finite Element Analysis (FEA)

Finite element analysisis a numerical method to get a solution
to a problem accurately by analyzing modeling simulations.””

The advantages of using FEA: Modeling and treatment can be
free-form according to the preferences of the researcher; Mesh
modeling is a combination of several elements; Processing can
be done in one program; The original structure and the model
have identical conditions.

Studying the stress distribution due to this occlusal config-
uration is important to understand the phenomenon of load
transfer not only but also to improve denture design. Available
methods for studying stress analysis include photoelasticity,
finite element analysis (FEA), and strain measurement. The
application of FEA to assess the biomechanical properties of
dentures, bones and teeth has grown rapidly over the last
decade as it offers the ability to model complex geometries,
evaluate internal stress states of various components and other
mechanical quantities. FEA is also very effective for comparison
studies where one can examine the effects of one or more
parameters of interest through simulation without the need to
create multiple physical constructs or prototypes.”®

DISCUSSION

According to Pai et al flabby ridges can be defined as movable
soft tissue located in the superficial area of the alveolar ridge.*”
The flabby ridge mainly occurs when the edentulous ridge is
opposed to the natural teeth and is considered a feature of the
combination syndrome when it occurs in the anterior maxilla
(Lynch and Allen, 2004; Kelly, 1972).2° Flabby ridges are easily
displaced under occlusal forces due to poor support, resulting
in impaired denture retention as a consequence of loss of
peripheral seal (Pai et al. 2014).%”
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According to MacEntee, support for CD is significantly
impaired if the flabby ridges has a displacement of more than
2 mm under masticatory forces.? According to a study (Chong
1983), displacements on the working side and balancing side
can reach as high as 1.4 and 1.6 mm, respectively. The balancing
side shows a marked tendency to dislodge and slide on the
foundation (Miyashita et al. 1998) where this displacement
occurs under masticatory loads.”® The use of lingualized and
linear occlusion schemes is indicated for flabby ridges because
vertical forces are directed more concentrated on the mandibular
alveolar ridge, which provides more stability to the denture.'”

Abduo’s (2013) systematic review concluded that bilateral
balanced or lingualized occlusion schemes were equally
acceptable to patients in terms of mastication, aesthetics, comfort,
and speech processing. Improved denture quality significantly
affects masticatory performance, occlusal strength and patient
satisfaction.®! Based on the research results, Hasan A et al (2015)
consider the two most functionally efficient occlusion schemes,
namely lingual and linear occlusion. In the lingualized occlusion
scheme, the premolars and molars were arranged and modified
so that only the lingual cusps of the maxillary posterior teeth
were in contact with the central fossa of the mandibular posterior
teeth. The linear occlusion scheme was defined as the pin-point
contact of the cusp tips of the bladed mandibular teeth against
the maxillary teeth that had no cusps.**

According to Fatihallah A, the tension generated in the
lingualized occlusion scheme is much less than that produced
in the bilateral balanced occlusion scheme, this may be because
the number of occlusal contacts is reduced so that there is only
one centric stopper between the upper and lower antagonist
teeth in the case of the lingualized occlusion scheme.?? The
clinical study conducted by Hameed et al. it was found that based
on the results of the radiographic evaluation, linear occlusion
resulted in less resorption of the alveolar ridge than lingualized
occlusion.”!

The FEA study conducted by Hasan A (2015) showed that
the maximum stress of the linear occlusion scheme was 365 MPa,
62% higher than the lingualized occlusion scheme (224 MPa) in
the overdenture implant. A similar pattern was observed in the
denture and tooth bases; the linear occlusion scheme resulted
in a higher von-mises stress (189 MPa) than the lingualized
occlusion scheme (124 MPa).>! On the other hand, the stress
distribution analysis with FEA conducted by Hasan M showed
that in dentures, the maximum and minimum stresses for
bilateral balanced occlusion and lingualized schemes were not
significantly different.?®

Zmudzki ] et al. conducted an FEA study on the distribution
of denture stress on the mandible with a load of 100 N in the
vertical direction and 141 N in the 45° oblique direction with
direct contact and delayed contact on the non-working side.'?
As a result, the direction of the oblique load provides greater
stress distribution and displacement, especially on the non-
working side with delayed contact. Quantitative assessment of
the stress distribution and displacement of the denture showed
that the occlusion scheme has an important role in maintaining
the stability of the CD under stress despite good adaptation of
the CD base and mucosa and shape of the ridge. There has been
no research on the stress distribution and CD displacement on
flabby ridges on various occlusion schemes, so more research
is required.
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CONCLUSION

FEA can be used effectively to assess the stress distribution
and displacement of complete dentures on the flabby ridge
with lingualized and linear occlusion schemes. Lingualized and
linear occlusion schemes on flabby ridges can increase denture
stabilization because occlusal forces are more concentrated on
the ridges so that they can be distributed well and also reduce
horizontal force during eccentric movement due to minimal
occlusion contact, reducing CD displacement on the flabby
ridges.

SUGGESTIONS

There has been no research on the stress distribution and CD
displacement on flabby ridges on various occlusion schemes,
so more research is required.
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Re-establishment of an occlusal vertical dimension: Aliterature review

REVIEW

M.Faizal Fachry,* Ifan Dammar

ABSTRACT

Determination of the correct Occlusion vertical dimension (OVD) is one of the factors that
dentists need to pay attention to in important dental procedures. One of the most important
strategies of restorative care is the assessment andre-establishment of the occlusal vertical
dimension. Tooth attrition causes changes in facial morphology dimensions and OVD
decreases. The occlusion vertical dimension (OVD) was the height of the lower third of the face as
measured from the point of subnation to gnathion at the maximum intercuspation position. One of
the factors that affect a person’s occlusion vertical dimension is the presence of tooth abrasion,
attrition and tooth loss. One way to improve a patient’s occlusion vertical dimension is by rehabilitative
action with restorative treatment by making crowns for teeth experiencing anterior attrition. Tooth
attrition causes changes in facial morphology dimensions and occlusion vertical dimension decreases.
Determination of the correct occlusal vertical dimension is one of the success factors in rehabilitation
treatment, because if it is not restored properly, the guard teeth will decrease, damage to the teeth,

Keywords: Restorativ treatment,
Vertical dimension, Parafunctional
habits

muscles, TMJ, swallowing and can occur speech disorders. (IJP 2024;5(1):6-8)

INTRODUCTION

According to the Glossary of Prosthodontic Terms, the
vertical dimension is the distance between two anatomical
signs, namely the upper half of the face and the lower
half of the face. This anatomical sign is a point on the tip
of the nose and tip of the chin, where one of the points
is on movable tissue and the other point is on immovable
tissuel.

The occlusion vertical dimension (OVD) is the height of
the lower third of the face measured from the point of
subnation to the gnathion at the maximum intercuspation
position, while the vertical dimension of rest is the height of
the lower third of the face measured between two anatomical
points when the mandible is in a physiological resting
position. It is determined by muscle relationships, using the
lower jaw physiological resting position as a guiding factor.
Knowledge of the physiological resting position is very
important in determining the vertical dimension of adequate
occlusion.'

The centric relation can be defined as the relationship
between the maxilla and the mandible in which the
condyle is in a non-tense position and lies posteriorly
in the fossa glenoid.

The presence of tooth loss results in the influence of
a number of factors, including: location, number of
missing tooth elements, interdigitation, condition of the
periodontal tissue and tongue. In addition to these things,
there are also other influencing factors, namely: age, ability
to adapt to changes due to tooth loss and neuromuscular
tolerance.* ®

Some of the consequences that occur due to tooth
loss that is not replaced area decrease in the support of
the alveolar bone periodontal tissue, attrition, tooth loss
and TM] dysfunction, loss of mastication efficiency, tooth
shift and changes in the occlusalarch.'©

Occlusal and incisal attrition may occur during
deglutition (physiological wear) and may be exacerbated
by parafunctional activities such as habitual bruxism
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and clenching (pathological wear). Glossy tooth surfaces
and circumscribed facets are clearly reliable signs of
attrition and are usually consistent with the presence of
a facet on the antagonist/opposite tooth during eccentric
occlusion, especially in the anterior antagonist tooth.
Such facets are usually seen on the functional (occlusal
and incisal) surfaces of the teeth, but can also affect the
buccal and palatal surfaces of teeth anterior to the mandible
and maxilla when there is deep vertical overlap.*
Preventive measures are one of the ways to rehabilitate
teeth so that they can restore the occlusion vertical
dimension. Based on this, the authors are interested in
studying more deeply about how to re-establish the vertical
dimension of occlusion and its rehabilitation measures.”

LITERATURE REVIEW

The jaw relationship is also known as the vertical dimension,
the vertical dimension is the vertical distance between the
upper and lower jaws that can give a normal expression to
a person’s face.

The vertical dimension in patients with partial tooth loss is
the vertical relationship between one tooth and another when
the tooth is in occlusion. In a patient who has lost a tooth in one
arch and has practically lost the vertical dimension, this situation
must be redefined in various ways so that it is the same as the
vertical dimension when the teeth are still complete.®”

To find out whether the vertical dimension is correct, it can
be seen from phonetics and aesthetics.

Rest position vertical dimension; It is an upper jaw
relationship in which the muscles of opening and closing the
mouth are in balance. This vertical dimension was measured
when the mandible was in a state of physiological rest.

Occlusion vertical dimension; Aln a relationship of the
mandible to the maxilla, the teeth or the occlusal rim are
occluded.

This vertical dimension is measured when the toothis in
centric occlusion.

Gelbier and Copley and Cawson, dental attrition is defined
as the gradual wear and tear of the occlusal surfaces of the
teeth associated with masticatory movements. that occurs
physiologically as a result of mastication.”

When the teeth contact, then when it occurs tooth wear
occurs. The more frequent contact occurs, the greater the wear.
The wear and tear caused by the contact of the teeth is called
attrition. Attrition of this tooth can occur in the incisal, occlusal
and proximal to the tooth. Considering that the enamel is so hard
and that the teeth facing each other do not come into contact
very often due to the presence of saliva as a lubricant, wear is
usually limited when the teeth have been in the oral cavity for
sometime.'?

Somethings that need to be considered in restoring the
vertical dimension of occlusion are how much the decrease in
the vertical dimension of occlusion, changes in facial aesthetics
and the condition of the TM].

Measurement of Decrease in Occlusion Vertical Dimension

How to measure vertical dimension: Rest position vertical
dimension; Determine two points on the patient’s face parallel
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to the median line, namely on the chin and above the lips/nose.
Measurements were made using rollers and calipers.

The patient is asked to count from one to ten and maintain
the position of his jaw at a count often, at which time the
distance between the two points is measured.

Then the patient is asked to say a few words that end in “S”
and the distance between the two points is measured again.

Then the patient was asked to swallow and in a relaxed state
the third measurement was taken. If the distance between the
three measurements is the same, this is the vertical dimension
of the resting position.

Occlusion vertical dimension; Measurements were taken
after the occlusal rim was placed in the patient’s mouth.

The maxillary occlusal rim is inserted, then pay attention to
the patient’s facial shape whether it is in accordance with the
patient’s normal expression.

Then insert the lower jaw occlusal rim, the patient is asked
to stop the upper and lower jaws in a centric occlusion state,
measure the distance between the two points again, it will
decrease 2-4 mm from the vertical dimension distance of the
resting position. The called vertical dimension of occlusion.'?
Facial Aesthetics

The determinants of facial aesthetics are the sagittal profile,
facial appearance, lip morphology and tooth appearance.
Examination of the sagittal profile may reveal pseudoprognathia
which is a sign of decreased occlusion vertical dimension and
mandibular closure. The cephalometric results showed that
worn teeth caused a reduction in arch width and gonial angle,
thus showing a pseudoprognathic appearance.

The state of TM]J

Examination of the TM] before restoring the vertical
dimension is important in the form of examination of joint pain,
mandibular movement and the presence or absence of clicks. A
comprehensive examination and treatment approach needs to
be carried out, especially in patients with TMJ disorders, because
TM]J symptoms are often detected because they are masked by
patient discomfort during the adaptation period to the occlusion
vertical dimension before permanent restoration.'?

DISCUSSION

Bruxismis a parafunctional habits of grinding teeth, or the
habit of grinding teeth involuntarily in addition to chewing
movements of the mandible, thereby triggering occlusal
trauma. The cause of bruxism is not specifically known, but
several influencing factors are morphological factors such as
tooth occlusion, psychosocial factors such as stress and certain
personality characteristics, pathophysiological factors (disease,
trauma, genetics, smoking, alcohol, caffeine consumption,
drugs and sleep disturbances and snoring).**

Rehabilitation of patients with tooth wear in the occlusal
area is a complex and challenging treatment in dentistry. Teeth
are prone to wear and tear due to functional activity. How-
ever, this condition can be exacerbated in cases of posterior
tooth loss because the chewing load will be concentrated on
the remaining anterior teeth resulting in impaired occlusion
and parafunctional habits such as bruxism.

When the mandible alternately moves laterally, the teeth

M.Faizal Fachry et al



June 2024

Figure 1. Vertical dimension measurement tool called Willis bite gauge

are subjected to great horizontal stresses, increasing the
likelihood of damage to the tooth structure to the periodontal
tissues. Bruxism also occurs in an eccentric position, resulting
in an unequal distribution of pressure but only on a few
teeth, does not conflict with functional activities where the
mandible is in a centric position for occlusion. Wear of
teeth due to parafunctional habits is associated with
development of tooth sensitivity, decreased clinical crown
height and possible changes in the occlusion vertical
dimension. Loss of tooth structure does not directly
result in loss of vertical dimension, so to determine
whether there is a change in the occlusion vertical
dimension, various aspects need to be considered such
ashow the posterior teeth are occluded, the degree of
tooth wear, phonetic evaluation of hissing sounds,
interocclusal distance and facial appearance. An increase in
the vertical dimension of occlusion causes the teeth not
to contact when making a hissing sound, difficulty in
closing  the lips and  difficulty  swallowing
accompanied by pain, whereas if the vertical dimension of
occlusion decreases, it shows a decrease in the face during
occlusion, disturbances in the TM]J, excessive lip contact
and angular cheilits.'®

The first step in cases of excessive wear in the anterior
region consists in reshaping the occlusal vertical dimension,
which must be done to restore the height of the lower
third of the face and create an interocclusal space to allow
reconstruction of the occlusaland anterior teeth.

Proper prosthetic rehabilitation planning should not link
the re-establishment of the occlusal vertical dimension with
the creation of a new denture with the risk of the patient
not adapting to the new conditions of the vertical dimension.
Inpatients with excessive tooth wear, rehabilitation of restoring
the vertical dimension of the occlusion by means of a fixed

M.Faizal Fachry et al

CONCLUSION

Attrition of the teeth due to functional and parafunctional
activities can lead to changes in the morphological dimensions
of the face and a decrease in the vertical dimension of occlusion
correct is an important factor in the success of rehabilitation
treatment, because the reduction invertical dimension of
occlusioncause tooth decay, muscle disorders, TMJ, digestion,
and phonetic dysfunction. Rehabilitationvertical dimension of
occlusioncurrently tend to use fixed dentures because they
have better aesthetics, adaptation and functional improvement
in patients. The use of removable dentures shows that there
are complaints that often become complaints that arise due
to the use of removable dentures.
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The role of laser power and frequency on metal surfaces of adhesive bridge
in increasing the bond strength of resin cement

Winnie Munte, Putri Welda Utami Ritonga, Haslinda Z. Tamin*

ABSTRACT

Adhesive Bridge is a fixed denture that is attached to the tooth structure, especially the
enamel, which has been etched to achieve micromechanical retention. Among other things,
adhesive bridge attachment depends on, one important factor is the adhesive bond between
the etched enamel and the retained metal. To increase the retention of adhesive bridges,
variations of micromechanical surface treatment on metal can be carried out in the form of
chemical or electrical etching, air particle abrasion (sandblasting), primary metal, tin plating,
silica coating, and lasers. Lasers with different energies, strengths, frequencies, wavelengths, durations
and distances can create a thin layer of porous oxide which increases the bonding strength of resin
cement for adhesive bridges. The role of laser power and frequency as well as the selection of the right
type of resin on the metal surface of the adhesive bridge can increase the bonding strength of the resin
cement on the adhesive bridge. The selection of the type of surface treatment such as laser and the
right type of resin cement can affect the bond strength of the resin cement on the adhesive bridge. (IJP

Keywords: Adhesive bridge, Laser,
Surface treatment, Resin cement.

2024;5(1):9-13)

INTRODUCTION

Adhesive bridges or resin bonded fixed dentures is the type
of denture relies heavily on the bond between the resin
cement and the tooth and metal surfaces. An adhesive bridge
comprises of a pontic that is fixed to the abutment teeth
with the support of a metal wing retainer.* Adhesive bridges
have the advantage that they require minimal preparation and can
maintain more healthy tooth structure than conventional bridges
and require minimal clinical time.*

Adhesive bridges are indicated in cases where the abutment
teeth are in healthy condition, without caries and restorations
and there is sufficient enamel for adhesion procedures, fixed
retainers after orthodontic procedures, tooth splinting, and in
cases where the patient is afraid of anesthetic needles.” Adhesive
bridges are contraindicated in cases where the abutment teeth do
not have adequate enamel for adhesion, the abutments are small
or peg shaped, the abutments are malposition and mobile, and
in patients who are allergic to cement and proper cementation
procedures.™® The main functions of resin cement materials are to
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provide adequate adhesion between the restorative material and
the tooth, seal the exposed dentin during preparation, and fill
the space created between the tooth and the restorative material.
The success of a restoration is influenced by the adhesion that
occurs between the restoration and cement.'*

The development of cement materials in dentistry is increasing.
Currently, there are two groups of resin cements on the market,
namely conventional resin cements that require bonding materials,
namely total etch resin cements, and self-etch resin cements, and
resin cements that do not require bonding materials (self-adhesive
resin cements). The application of resin cement is preceded by the
application of bonding materials, in total-etch or self-etch systems.
1923 The multi-stage application technique of resin cement with
this bonding material is quite complex and sensitive, therefore
it can affect the effectiveness of the attachment of the restoration
to the tooth.'”> One of the major changes in recent years has
been the development of resin cements that do not require the
application of a bonding agent to attach the restoration. Resin
cements that do not require a bonding agent have various names
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such as all-in-one resin cement, universal resin cement or self-
adhesive resin cement."”

Self-adhesive resin cements were introduced to overcome
several problems conventional resin cement systems. The aim of
developing this cement was to combine the ease of use of con-
ventional cements with micromechanical advantages.'® Sandblasting
with AI203 particles is the most commonly used method to obtain
micromechanical retention. These particles have different sizes.
Preparation with 50pum Al203 particles resulted in the highest
shear bond strength of Ni-Cr metal.'”

Previous studies on adhesive bridges have used different
methods to improve retention such as using perforated retainers
or fabricating micromechanical features to improve retention by
using electrochemical etching or particle roughening. Studies show
that micromechanical retention features are more efficient than
macro-mechanical retention. Various surface treatment methods
have been tried to improve the retention and resistance of fixed
prostheses. The most common method used is sandblasting with
alumina particles. An alternative to conventional surface treatment
methods is laser.

With the application of lasers, it is possible to carry out the
treatment of many soft tissue conditions and in prostheses which
are often a challenge in prosthodontics. Lasers can affect the
overall aesthetics of the result, and provide an easier method of
handling. Before using a laser, it is very important to understand
how this system works, the steps involved, and the precautions
to be taken (e.g., eye protection), and troubleshooting steps.”"

LITERATURE STUDIES
Adhesive bridge

An adhesive bridge is a fixed denture that is attached to the
tooth structure, especially the enamel, which has been etched to
achieve micromechanical retention of the luting material from
the resin.”> An adhesive bridge consists of one or two pontics
supported by thin metal retainers that are placed lingually and
proximally to the abutment teeth. Adhesive bridge attachment
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depends, among other things, on the adhesive bond between the
etched enamel and the retention metal.> Some other names of
adhesive bridges that are often used by several authors include
Rochette bridge, Maryland bridge, Minimal-preparation bridge,
Direct bonded retainer, Resin bonded fixed partial denture, Resin
bonded prosthesis and Resin retained cast metal prosthesis.
Factors Affecting the Success of Adhesive Bridges

Dentures are made to restore occlusal stability and
enhance oral, cosmetic, and dental function. According
to certain research, adhesive bridges have a 5-year success
rate of 87.7%." The effectiveness of adhesive bridge restoration
can be affected by a number of things. The factors related to
the patient, the choice of the abutment teeth, the adhesive
bridge design (such as wing retainer coverage), aesthetic
considerations, the design of the pontic, and the adhesive
bridge materials (such as full porcelain, metal porcelain, and
fiber-reinforced resin composite). The success of adhesive
bridges is also influenced by clinical procedures including
abutment preparation and cementation. For example,
wax up coping, casting, porcelain application, porcelain
firing, and metal surface treatment are some of the
processes employed in the lab. A combination of macro-,
micro-, and chemical treatments on metal parts as surface
treatment can help in increasing the retention of metal
surfaces in adhesive bridges.
Resin Cement
Resin cements, also known as adhesive resins, are resins con-
taining adhesives such as 10-methacryloyloxydecyl dihydrogen
phosphate (MDP), organophosphate, or 4-methacryloxyethyl
trimethylate anhydride (4-META); In dentistry, resin cement
describes the adhesive material used to attach fixed dentures and
veneers to metal.”” Resin cement is the newest type of cement for
attaching restorative materials indirect with teeth. The advantages
of resin cement are it has the following properties like higher
mechanical strength compared to conventional cement and
insoluble in liquid in the oral cavity so that the marginal margins
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are closed better. Resin cement, also known as bonding cement,
is cement that has the property of adhering to the interior of
the restoration and to the abutment tooth structure.

According to ISO 4049 adhesive resin cements are classified
into 3 classes based on their polymerization activation, namely
chemical activation without irradiation (self-cured, class 1), with
irradiation (light-cured, class 2), and activation chemically and
with or without irradiation (dual-cured, class 3).>*> Dual-cured
resin cements are attractive as luting agents because of the
development of resins for fillings, the advantages of acid etching
techniques for bonding resins to enamel and the potential for
bonding to dentin by organic or inorganic acid treatment. Some
cements are made for general use and some for specific uses,
such as cementation of ceramic crowns and fixed dentures.'”
Content of Resin Cement

Resin cements use monomers that are aromatic or aliphatic
acrylates. Bis-GMA, urethane dimethacrylate (UDMA) and
triethylene glycol dimethacrylate (TEGDMA) is a dimethacry-
late commonly used in dental composites.'” Bis-GMA
(bisphenol A Glycidyl Methacrylate) and UDMA
(Dimethacrylate Urethane) developed by Foster and Walker to
make monomers with lower viscosities, such as the free
hydroxyl Bis-GMA and UDMA (Ilie & Hickel, 2011). Bis-GMA
is the most commonly used monomer polymer for resins
composites on teeth. To improve Bis-GMA processing
performance, usually added extra monomer polymers such as
UDMA and TEDGMA to reduce the viscosity of the resin
cement. Uses of Glycidyl Methacrylate (Bis.) matrix GMA is to
form strong cross-linked polymers in composite materials and
control the consistency of the composite resin. Bis-GMA plays
an important role in reducing volumetric shrinkage, increasing
composite reactivity and increase the conversion rate to some
extent. Small polymerization shrinkage, high fatigue
resistance, high fracture resistance, resistance to pressure, low
heat conduction coefficient, and meet the aesthetic
requirements of the teeth several important characteristics
for the desired composite.'”

Resin Cement Bonding Mechanism

The use of a dentin bonding agent prior to resin cement
application is critical to success, unless the enamel has been
prepared. Several mechanisms for bonding to the dentin
surface include: tagging of dentinal tubules, bonding to
precipitates on pre-manipulated dentin, chemical incorpora-
tion with inorganic components, chemical incorporation with
organic componentc, production of dentin layers by impregna-
tion with resins.'® Resin cement is polymerized through
a chemical mechanism, hydrophilic monomers that
have polymerized will enter through the collagen layer
into the dentin apatite that has been demineralized by
etching. Adhesion of the dentin to the resin cement is
achieved by primary infiltration of the resin into the
mineralized portion of the dentinal tubule, resulting in an
interlocking mechanical bond. The resin cement
cementation procedure requires several steps. First the
acid is applied to remove the smear layer, the dentinal
tubules are exposed and demineralization occurs with a
thickness of 2-5 microns of dentin. The acid then dissolves
and the apatite mineral extract normally coats the collagen
fibers of the dentinal matrix and opens a 20-30 m deep
channel around the collagen fibres. The cement will
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achieve mechanical retention by the entry of hydrophilic
monomers into the channel.'”

The adhesive resin will form a hybrid layer. This hybrid
layer is a structure formed on mineralized hard tooth tissue
then infiltrated by monomer and will be followed by a
monomer polymerization process. This hybrid zone indicates
resin penetration into the intertubular dentin as deep as 5-10
m and the formation of micromechanical interlocking with
dentinal collagen.” Meanwhile, according to Smith (2007) the
attachment of cement to metal is more of a mechanical
retention. The mechanical retention is obtained from the
surface roughness of the metal restoration. The liquid cement
fills the roughness. After hardening, cement acts as a bond
between the two surfaces (dentin and metal).>®
Surface treatment

Surface treatment is a treatment process that is applied to
change the properties / characteristics of the metal on the metal
surface. Variations of micromechanical surface treatment on
metals in the form of chemical or electrical etching, air particle
abrasion (sandblasting), primary metal, tin plating, and silica
coating have been investigated and are intended to increase the
adhesive strength of restorations on cement. Surface treatment of
the metal adhesive bridge retainer aims to increase the retention
between the adhesive bridge retainer and the resin cement.
On adhesive bridges, macro mechanical, micromechanical, and
chemical surface treatment can be carried out.

Macro mechanical Surface Treatment; Surface treatment of
adhesive bridges in macro mechanical way was first made by
Rochette. Rochette bridges formed perforations on metal wing
retainers as additional retention for resin materials. Then macro
mechanical surface treatment on adhesive bridges can also be
found on Virginia bridges in the form of results from the use of
the lost salt technique.

Micro mechanical Surface Treatment; Micro mechanical
surface treatment of adhesive bridges can be found on Maryland
bridges. On the Maryland bridge, surface treatment was carried
out with electrolysis etching using 3.5% nitric acid and an electric
current of 250mA/cm? for a period of time.

Laser

A laser consists of three main parts, namely the energy
source, the amplifier medium and the optical cavity or resonator.
In order for amplification to occur, energy is delivered to the
laser source by a pumping mechanism of energy through a
strobe flash lamp, electric current, or electric coil. This energy
is then delivered to the active medium in an optical resonator,
and then produces spontaneous photon emission. Further, the
amplification obtained by stimulated emission acts as a reflected
photon through a reflective medium in an optical resonator
before being ejected through the coupler path. In the case of
dental lasers, laser light is delivered to the target tissue via
fiber optic cables, hollow wave guides or articulated arms. The
wavelength and other properties of the laser are determined
primarily by the composition of the active medium, which can
be a gas, a crystal, or a solid semiconductor.?***

Dental laser: argon laser

Argon laser, an active medium in the form of argon gas,
produces light with two wavelengths, blue light with a
wavelength of 488 nm which is commonly used to initiate
polymerization of restorative composite materials. Blue-green
light with a wavelength of 514 has maximal tissue absorption
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consisting of pigmented molecules such as hemosiderin and
melanin. Both wavelengths produced by the argon laser have
poor absorption in non-pigmented and hard tissues. This type
of laser is often used to control bleeding during gingival surgery,
and to detect cracks and damage to the tooth surface using the
transillumination technique.”

Erbium laser

Currently, the erbium laser is the type most often used in
dentistry. The types of erbium lasers that are often used are the
Er:YAG and Er, Cr:.YSGG types. The Er:YAG (2940 nm) laser has
YAG as the active medium, while Er, Cr:YSGG (2790 nm) has
solid yttrium, scandium and garnet as the active medium. Both
wavelengths show the highest absorbance level in hydroxyapatite
and the highest absorbance in water compared to other systems.
Since bones and teeth are composed of large amounts of
hydroxyapatite and water, the erbium laser can be used in hard
tissue removal. For such applications, as the moisture content
of the tooth evaporates, removal of the surrounding soft tissue
can be carried out with minimal thermal effect on the pulp.”
Neodymium-doped yttrium aluminum garnet (Nd: YAG) laser

With YAG doped crystals and neodymium as the active
medium, it is the first laser system created specifically for dental
applications. Unlike CO2 and Er:YAG lasers, which absorb in
water and tissue with a greater pigment content, this laser has
a wavelength of 1,064 nm. Because of the substantial coagulation
layer, Nd:YAG has a long-lasting hemostatic effect. In addition
to surgical uses, this kind is also employed in the removal of
soft tissue, and researchers have looked into nonsurgical sulcus
debridement. This technique is safe to use for applications in
soft tissue surgeries since it only affects the hard tissues of the
teeth, which have a close structural relationship to the teeth.
Numerous studies have used the Nd:YAG laser to modify the
ceramic’s surface prior to bonding. Before bonding, this laser
has been recommended as an efficient approach for surface
roughening and wettability. The Nd:YAG laser has been used
for zirconia under various power and irradiation settings.'
Laser Parameter

Recently, dental practitioners using lasers in the fields of
cavity preparation, dentin caries treatment cream, surface
conditioning, and also indirect restoration surface treatment, the
recommended laser in this case is the use of the erbium:yttrium
aluminum garnet laser ( Eh: YAG).""** Due to the synchroniza-
tion of wavelengths and absorption peaks and because of the
good absorption by the OH groups in hydroxyapatite,
the erbium:yttrium aluminum garnet (Er:YAG) laser is often
used in dentures with ceramic materials. Carbon dioxide
(CO2) lasers are commonly used intraoral especially in soft
tissue and hard tissue applications. Since the ceramic completely
absorbs all long CO2 lasers, the CO2 laser is particularly
suitable for surface treatment of ceramic materials. CO2 laser
etching can represent an effective method for surface conditioning
of zirconia, improving micromechanical retention and increasing
strength.'"

In order to achieve desired results, it will be essential to
choose the appropriate laser processing parameters, which
directly determine the produced surface topography and
microscale surface roughness. The principle for increasing
bond strength is surface roughening to enable micromechani-
cal interlocking. For the strengthening and durability of the
restoration, all the parameters such as such as pulse, power,
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and duration are very important. It is evident that surface
roughness tends to increase and become more variable in high
energy laser scenarios, while it tends to stay low and become
less variable in low energy laser situations. However, more
laser exposure under low energy settings causes the roughness
to increase; in contrast, more exposure under high energy
conditions results in a smoothing effect. This could be explained
by the fact that consecutive exposures at different scan angles
tend to homogenize the roughness profile when more material
is melted with a higher laser energy during a single pass.*”

DISCUSSION

Adhesive bridges are dentures with minimal intervention.
The main criterion for the success of an adhesive bridge is
the occurrence of a strong and permanent bond between the
tooth surface and the metal surface. One of the factors that
cause the most failure of adhesive bridges is the failure of
the adhesion of the adhesive bridge between metal and resin
cement.”

Laser technology has been considered in almost all areas of
dentistry. Several recent investigations studied the effect of laser
irradiation on the resin bond strength of ceramic restorative
materials. It has been reported that compared to conventional
sandblasting and acid etching techniques, there is no significant
difference associated with the application of Er:YAG or Nd:YAG
lasers for bonding resin cement to dental porcelain, so laser
surface treatment of porcelain may be as effective as conventional
methods.”

Abraham et al. concluded that the laser irradiated ceramic
surface was more effective due to the low surface energy and
rough surface created by the laser beam. When the ceramic
surface treated with an Nd:YAG laser is observed under a
scanning electron microscope (SEM) (X200 magnification), the
surface pattern shows areas that appear to be liquid with the
presence of pores and craters, a water droplet-like pattern
thereby increasing the surface undercut which enhances
adhesion.’® On the other hand, the surface morphology
with sandblasted regions results in a surface with
irregularities with no visible defects on the surface.
Moslehifard et al. made similar observations on the surface
of a nickel-chromium alloy treated with an Nd:YAG laser.
They concluded that during laser energy discharge, surface
changes were observed at the time of the laser micro blast
action resulting in the formation of craters and pores. The
deposition of the droplet is possible due to the cast material’s
proximity to the laser point application. All features of the
laser etched onto the surface contributing to increased
retention are due to mechanical micro-cutting.”®

Surface roughness increased significantly in the
laser sandblasted polished surface sequence based on the
study by Ghoveizi et al. The sandblasting roughness was
significantly increased compared to the specimens with
polishing treatment.”” This is because each particle size
collides with the surface, the appearance of the particles
leaves a mark on the surface, and at this time, it is not only
affected by the particle size, but also the particle injection
pressure significantly. It is confirmed that the bond
strength between the porcelain and the metal alloy
increases due to the increased contact area compared to the
polished sample. Also, the Ni-Cr and Ni-Cr-Ti specimens

Winnie Munte et al



June 2024

using the FS laser surface treatment had a higher Ra value
(mean surface roughness) than the polished samples.
Especially the microporosity pores will play a role in increasing
the adhesive strength. Therefore, the results of the roughness
test can determine the effect of the interfacial bond strength
between porcelain and metal alloys.”®

CONCLUSION

Adhesive bridges or resin bonded fixed dentures have been
known for more than 40 years ago. The adhesion resistance
of this type of denture relies heavily on the bond between the
resin cement and the tooth and metal surfaces. An adhesive
bridge consists of a pontic anchored to the abutment teeth
using a metallic wing retainer made of metal. The drawback
of the adhesive bridge is the lack of success rate of the
adhesive bridge. The main cause of failure of adhesive bridges
is debonding or detachment of dentures due to masticatory
forces.

One of the main factors in bonding adhesive bridge
restorations to resin-based cements is their surface roughness.
Surface treatment on metal wing retainers and the type of
resin cement used can affect the bond strength of the adhesive
bridge. Therefore, different methods have been used to create
this roughness, including sandblasting and laser treatment.
Laser is the best part in increasing the surface roughness of
the metal on the adhesive bridge in increasing the adhesive
strength of the resin cement on the adhesive bridge.

SUGGESTIONS

In today’s digital world, patients interact almost instantly with
social media and internet so they have a better understanding
in diagnosis and treatment options. They are more likely to
accept recommendations for treatment, and they are definitely
willing to invest in a procedure that they value and as long as
it is comfortable for them. If the patient’s experience with the
laser is positive, then it will invite more references in using
it. In short, lasers can enable dentists to make better quality
dentistry. Awareness of the different laser wavelength types
and laser parameters will encourage clinicians to explore a
wider range of research. Courses at various levels of intensity,
subject matter and complexity about lasers will be promoted
more frequently at scientific conferences in dentistry.
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REVIEW

Benefits of eggshell reinforcement in water sorption and color stability of
heat-cured polymethyl-methacrylate provisional fixed partial dentures

Olivian Wijaya, Ricca Chairunnisa,* Syafrinani

ABSTRACT

Oral rehabilitation procedures such as crown lengthening, implants for anterior teeth, and
endodontic procedures with limited tooth structure require provisional restoration for a long
time. The material used in fabricating provisional fixed partial dentures is polymethyl-
methacrylate (PMMA). PMMA is divided into heat cured and self-cured based on the
polymerization. Heat-cured PMMA has better mechanical properties than self-cured PMMA.
Despite its advantages, however, there are also some disadvantages, such as high water sorption, low
color stability, and wear of use. Research on the use of eggshells as reinforcement in denture
bases has been conducted. However, the use of eggshells in provisional fixed partial dentures has
not been done yet. Eggshell, as an environment byproduct waste material, is composed of 95%
calcium carbonate (CaCO3), magnesium, potassium, and other inorganic components, can be used
as alternative natural reinforced materials for PMMA provisional restoration. To describe use of
provisional restoration for a long time, PMMA as provisional restoration material, as well as the
merit of eggshell as natural reinforcement material in water sorption and color stability of heat-
cured PMMA provisional fixed partial dentures. Eggshell, which is composed of calcium
carbonate, can be converted into hydroxyapatite as a reinforcement in long term provisional
restoration, could improve the physical properties of heat-cured PMMA, such as water sorption and

Keywords: Color stablity, Eggshell,
provisional fixed restoration, PM-
MA, Water sorption

color stability. (IJP 2024;5(1):14-17)

INTRODUCTION
According to the Glossary of Prosthodontic Terms, provisional
or interim or transitional prosthesis or restoration is a fixed
or removable dental or maxillofacial prosthesis designed to
enhance esthetics, stabilization and/or function for a limited
period of time, after which it is to be replaced by a definitive
dental or maxillofacial prosthesis.' Fixed denture prosthesis (FDP),
as in post-tooth preparation; especially involving multiple teeth,
either full or partial closure, in crown lengthening, implants, and
certain cases of endodontic restoration, such as post use, provisional
FDPs are used for a relatively long period of time (6-12 weeks),
whereas provisional FDPs are designed to test esthetics, phonetics
and function before being replaced by a definitive restoration.” ©
Provisional FDP must have characteristics that are similar to the
form and performance of the anticipated permanent restoration,
including good marginal adaptation, sufficient strength to bear
masticatory loads, longevity, and color stability with prolonged
use.*” ® Different kinds of polymers are regularly employed as
provisional FDP materials, with polymethyl-methacrylate (PMMA)
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being the most widely utilized form.” *©

PMMA has the benefits of being easy to manipulate,
inexpensive, available in various colors, and aesthetically pleasing.
? However in addition to its benefits, PMMA also has a number
of drawbacks, such as the tendency to release heat when it cures,
its porosity, shrinkage, susceptibility of fracture, wear with use,
water absorption, and poor color stability.” *°

The quantity of monomer residue in the denture has an impact
on water absorption. The water absorption property occurs due
to the molecular polarity, which causes expansion of PMMA and
affects the dimensional stability. According to ISO 20195-1, the
PMMA water absorption value should be less than 32 g/mm3.*°
PMMA not only absorbs water but also has a poor color stability
that is affected by both intrinsic and external factors.'? ' Due its
porous nature and lack of flexural strength, PMMA is susceptible
to fracture when subjected to occlusal loads and should be taken
into consideration for long-term use."?

In order to strengthen PMMA for long-term use and overcome
the limitation of PMMA, reinforcement materials are frequently


http://crossmark.crossref.org/dialog/?doi=10.1016/j.prosdent.2022.06.020&domain=pdf

added to PMMA."* Both synthetic and natural materials may be
utilized as reinforcement.'® Natural materials, namely eggshell,
have a high CaCO3 content (90.9%), making them a viable
source for biocompatible biomaterials.'*'® Additionally, using
eggshell has other benefits including being inexpensive, simple
to get, and making environmentally friendly products.**

The purpose of this article is to explain the benefits of eggshell
reinforcement in water sorption and color stability of heat-cured
polymethyl-methacrylate provisional fixed partial dentures.

LITERATURE STUDIES
Provisionl Fixed Partial Dentures (FDPs)

Provisional or temporary dentures, according to the Glossary
of Prosthodontic Terms, are fixed or removable restorations
intended to enhance the appearance, stability, and/or function
of the teeth for a brief period of time before being replaced by
permanent restorations.” In dentistry, temporary/provisional/
interim restorations are frequently utilized while teeth are being
prepared and while waiting for permanent restoration.”

The Role of FDPs

Provisional FDP is designed to protect the tooth or
abutment from the oral environment, maintain contact with the
adjacent and antagonistic teeth, monitor patient comfort and
satisfaction, allow adjustments to be made as needed, support
function and esthetics for a certain period of time, which will
later be replaced by definitive prostheses.” ® Provisional FDP
focuses on protecting the pulp, maintaining the health of the
periodontal tissues, promoting tissue healing to achieve an
acceptable profile, evaluate oral hygiene procedures, preventing
abutment migration, managing the patient’s psychological
needs, providing an adequate occlusal scheme, and assessing
the maxillomandibular relationship; therefore, provisional FDP
should be taken into account similar in shape and purpose to
the patient’s intended, long-term rehabilitation.”

Provisional FDP Terms

Numerous short- and long-term applications of provisional
FDP are possible, including the construction of long- and
short-span bridges, endodontic treatments, crown lengthening,
and comprehensive oral rehabilitation techniques such implant
placement and occlusal splinting.”” ' According to
Shillingburg, provisional fixed dentures must meet the
requirements in the form of being able to protect the
pulp, prevent supraeruption or tipping of the tooth, provide
a good occlusive function for the patient, easy to clean, can
withstand occlusal loads, retentive, aesthetically pleasing,
can be polished to prevent plaque accumulation as well as
the surrounding areas, and the margin area does not interfere
with the gingival tissue which can stimulate gingival
pathology.” Biological, physical, and mechanical factors
must be taken into account when choosing materials for
provisional FDP. These factors include material biocompati-
bility, strength, stiffness, repairability, polymerization’s
ability to release heat, shrinkage, marginal integrity, and
color stability.’” Notably in long span fixed partial
dentures (FPD), long-term oral rehabilitation, and in
patients with parafunctional habits, materials for provisional
fixed dentures must have sufficient strength to withstand
masticatory loads.” FDPs used in the aesthetic field must have
good color stability, which is influenced by the patient’s
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tions, in addition to the resin’s chemical properties. The color
stability of the material is crucial for maintaining the patient’s
aesthetics and psychological impact in comprehensive oral
rehabilitation procedures like all-on-4 implants, where provisional
FDP is only replaced after 4-6 months.'® There is no single
material that meets all of the requirements for the construction
of provisional FDPs.'® However, commonly used and accepted
materials are polymethyl methacrylate (PMMA), polyethyl
methacrylate, polyvinyl (ethylmethacrylate), bisphenol A-glycidyl
methacrylate resins, bis-acryl composite resins, and light-cured
urethane-dimethacrylate resins.”'%'”
Polymethyl-methacrylate (PMMA)

Various types of polymers are commonly used for
various dental applications, of which the most commonly
used material is polymethyl methacrylate (PMMA). Based
on its polymerization properties, PMMA is divided into
self-cured, light-cured and heat-cured. Light-cured PMMA
has slightly inferior mechanical properties to conventional
PMMA, its use is limited to the manufacture of physiological
impression trays and full denture base plates. Compared to
heat-cured PMMA, self-cured PMMA has a lower polymer-
ization rate, leaving more residual monomer, which can
affect mechanical properties such as strength, hardness, and
discoloration of the denture. Heat-cured PMMA has better
mechanical properties. The main objective of the heating
cycle is to obtain a higher degree of polymerization and
reduce the monomer residue on the denture.'” PMMA has
several advantages, including its ease of manipulation, low
cost, availability in a variety of colors, and aesthetics.” In
addition to the benefits of using heat-cured PMMA, this
PMMA material has several drawbacks, including porosity,
shrinkage, easy to fracture, absorbing liquid, low color stability,
and wear over time.”'°
Water absorption and color stability of PMMA

Water absorption occurs in PMMA in a humid environ-
ment. This is due to the nature of PMMA, which absorbs
water. Water absorption occurs as a result of the separation of
weak polymer chains, which results in a diffusion process
involving water molecules.’ Water absorbed by PMMA acts
as a plasticizer, allowing softening, discoloration, and a
decrease in PMMA mechanical properties such as hardness,
transverse strength, and fatigue threshold, resulting in
dimensional changes in PMMA. Furthermore, extrinsic and
intrinsic factors influence the color change in PMMA. Extrinsic
factors influence color adsorption and absorption from
exogenous materials, such as oral hygiene, surface roughness
of restorations, diet, and regular consumption of various
beverages such as coffee, tea, soft drinks, and alcohol; while
intrinsic factors are influenced by characteristics of the resin
itself, such as incomplete polymerization, the presence of
residual monomers, and the presence of porosity in
PMMAI(%IZ
Reinforced Materials
Various studies have been conducted in an attempt to overcome
PMMA'’s shortcomings, such as by adding reinforcing materials.””
Reinforcing materials can be derived from synthetic or natural
materials. Natural materials have the advantages of being
inexpensive, dense, renewable, biocompatible, and versatile.'”
Natural reinforcing materials that can be added to PMMA inc-
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lude pistachio shells, bamboo, coir, husks, crab shells, shrimp
shells, egg shells and so on.'>?"?? The combination of two or
more materials to obtain superior material properties forms a
composite. Matrix as a polymer resin is merged with a filler as a
reinforcement medium to form the composite polymer matrix.
2% Due to the combination of the most desirable properties of
the component materials, composite materials produce better
and unique properties. Particle-reinforced composite polymer
matrices are commonly used, resulting in a simpler and less
expensive preparation method than fiber-reinforced polymers.
24
Chicken Egg Shell

Chicken eggshell is a type of kitchen waste. In many
countries, eggshell is wasted, which has a negative impact on
the environment.*®? Eggshell waste can be recycled, reused,
and distributed to make a valuable product.'® Eggshell has
been used as a calcium and trace element source, as well as a
source of magnesium, boron, copper, manganese, sulphur,
and zinc.**?° Eggshell is a material that is easily obtained and
can be used as a filler material that is affordable and relatively
simple to process into a variety of different products.”*
Structure of Eggshell

Three layers make up a fresh eggshell: a ceramic-like
frothy cuticle layer on the outside, a spongy middle layer,
and an inner lamellar layer that makes up 11% of the weight
of the entire egg.”® Eggshell has the potential to function as
a biocompatible biomaterial due to its high calcium carbonate
content (94%), also known as calcite.**?° In the inner layer
of the cuticle, hydroxyapatite (HAp), which resembles tiny
needles, coexists with calcite, the most stable form of CaCO3.
Calcite is a component that improves the mechanical properties
and strength of eggshell-based hydroxyapatite.*

Cal0(PO4)6(OH)2, often known as hydroxyapatite (HAp),
is a bioactive and biocompatible substance. HAp can be
produced from a variety of biological calcium sources, including
eggshell, snail, crab, and other shells.”” In terms of hardness,
density, and cell culture, HAp synthesized from eggshell has
better sintering ability than HAp synthesized from other
sources. The fact that eggshell HAp resembles human hard
tissue contributes to its high quality.*

DISCUSSION

Heat-cured acrylic is created by combining heat activation and
compression molding of PMMA, resulting in a homogeneous
mixture of materials that is bubble-free and has a higher
resistance than other materials.'” Heat-cured acrylic is
recommended for periods longer than one month due to its
hardness and functional stability.?® Karadi HR et al. (2017)
investigated the addition of nanohydroxyapatite filler on heat-
cured PMMA acrylic base. According to the research, adding
2% Hap nanoparticles increased impact strength and surface
hardness, but there was no visible change in water absorption.
Comparing the filler group to the control group, surface
roughness enhanced, but it remained within the range of values
less than 2um.>”

Olivian Wijaya et al

Hartini VO et al. (2021) investigated chitosan as a coupling
agent in the addition of rice husk nanocellulose material to heat-
cured PMMA material. The results of the PMMA study with
the addition of 3% chitosan had the lowest water absorption
(15.54 % 3.48 m/mm3). PMMA without chitosan had the lowest
water absorption value at 32.85 + 4.82 m/mm3. There was a
significant difference in the water absorption of the two groups
(p<0.05)."” Perchyono VT et al. (2019) looked into the surface
roughness and color stability of bisacrylic resin with chitosan
and nanodiamond reinforcement. According to the study, both
chitosan and nanodiamond on bisacrylic resin improved color
stability (p=0.007).%®

Kohli et al. (2017) compared the discoloration of PMMA
and bis-acrylic provisional FPD in artificial saliva, artificial saliva
and tea, artificial saliva and coffee, artificial saliva and orange
juice, and artificial saliva and cranberry juice before, after, and
after 1 month of immersion. According to the findings, the
color change increased with the length of immersion time.
PMMA withstands discoloration better than bis-acrylic resins.
The artificial saliva and coffee solution showed unacceptable
discoloration after 1 month of immersion."" Kontanidis A et
al. (2019) investigated the discoloration of provisional FDPs
of PMMA resins with silica reinforcement and found that the
addition of 0.25% silica (SiO2) nanoparticles affected the optical
properties of PMMA resins without being clinically apparent.

Onwubu SC et al. (2017) investigated eggshell as an
abrasive, where 50-nm and 0.3-ym particles were shown to
produce good polishing surfaces.'® Abdulrahman et al. (2020)
used calcium carbonate from eggshell to produce hydroxyapatite,
which is used in bone and dental treatment. He stated that the
use of hydroxyapatite from eggshell and nanohydroxyapatite
can reduce treatment costs in bone repair or bone replacement
and reduce waste to protect the environment.*

In the study by Lubis M et al. (2017), the denture bases
mechanical properties were improved by the incorporation of
10% Chicken Eggshell material. The modulus of elasticity (MOE)
and modulus of rapture (MOR) of the biocomposite increased
with the addition of eggshells, from 1,933 GPa to 2.124 GPa
at 10% filler and 46,864 MPa to 48.311 MPa at 20% filler."*
According to Lubis M et al. (2021) studies, the addition of
chicken eggshell nanoparticles to the acrylic resin denture base
improved the mechanical properties of the biocomposite base.
The Modulus of Elasticity (MOE) and Modulus of Rapture
(MOR) increased, reaching maximum values of 2,571 GPa and
48.859 MPa, respectively. When compared to the addition of
30% filler, the addition of 10% filler is desirable.?’

Al-Bahar ZJH et al. (2014) extracted hydroxyapatite from
chicken eggshell in their study. Hydroxyapatite is produced
by heating CaCO3 in chicken eggshell material to 900°C and
then adding H3PO4 (phosphoric acid). The mechanical strength
of the denture base significantly increased when chicken
eggshell hydroxyapatite was added to heat-cured acrylic resin.
3% Fouly A. et al. (2021) investigated the effects of adding
hydroxyapatite to PMMA nanocomposite for making denture
bases. Hydroxyapatite nanoparticles having weight fractions -
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Role of laser power and focus diameter in increasing retention of metal
porcelain fixed dentures with short clinical crowns

Andry Sutrisman, Putri Welda Utami Ritonga, Haslinda Z. Tamin*

ABSTRACT

Keywords: Fixed denture, Laser,
Shear bond strength, Short clinical
crown, Surface roughness.

In teeth with short clinical crowns that will be used as a support for metal porcelain fixed
dentures, the problem that often occurs is that the dentures easily fall off after being installed.
Surface treatment is one of the efforts to increase retention. Advances in laser technology provide

advantages in increasing microstructural and wear resistance on the metal surface of the crown
that will be used as abutment teeth. In addressing the retention problem of short clinical crowns,
modification of tooth preparation, casting, and proper cementation procedures need to be considered.
Improving the mechanical properties by surface treatment of the dental crown to be cemented by
modifying the strength and focus of the laser diameter can play a role in surface roughness and shear
bond strength. The use of lasers to increase microstructural and wear resistance in teeth with short
clinical crowns can minimize the failure of making metal porcelain fixed dentures. (IJP 2024;5(1):18-23)

INTRODUCTION

In teeth with short clinical crowns that will be used as metal
porcelain fixed dentures, the problem that often occurs is that the
dentures easily fall off after being installed. A short clinical crown
in this case is defined as a crown wall height of less than 2 mm in
tooth preparation that will be used as a fixed denture abutment.’
Aesthetic success and adequate dimensions in short clinical crowns
that will be used as abutments are difficult to determine. If done,
complex planning and procedures are needed.* Factors that play
a role in the success of fixed dentures are biological, mechanical,
and aesthetic factors.” According to Prasad (2017) 27 % of failure
of fixed partial denture is retention, which is influenced by improper
preparation, short proximal walls, lack of resistance form, surface
area, surface roughness of the material to be cemented, and the
cementation material.' *

Improving the mechanical bond and chemical bonding
between the tooth and the restorative material with a surface
treatment procedure before the cementation procedure can be
performed to increase retention and resistance.” > Advances in laser
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Advances in laser technology in improving surface
treatment procedures provide advantages in increasing
microstructural, friction, fatigue, wear resistance, and
reducing corrosion on the metal surface of the crown
to be used as abutment teeth.” It is known that surface
treatment uses an laser produces a more stable surface
than using other techniques commonly used in surface
treatment procedures.® Surface treatment using laser is
known to increase microhardness and wear resistance
on metal surfaces as well as surface roughness which
affects the surface roughness and shear bond strength
of clinical crowns of fixed dentures.”

The purpose of this paper is to examine the role of
strength and focal diameter of laser surface treatment
on retention in the manufacture of metal porcelain
fixed dentures with short clinical crowns.

LITERATURE STUDIES
Successful Factor in Preparation Fixed Partial Denture
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Surface roughness using sandblasting and laser (measurement
with SEM).
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Infrared systems
¢ Diode lasers—800-1064 nm
Aluminium Gallium Arsenide—810 nm

Gallium Aluminium Arsenide—940 nm
- Indium Gallium Arsenide—980 nm
- Indium Gallium Arsenide Phosphate—1064 nm
¢ Neodymium doped Yttrium Aluminum Garnet (Nd:YAG
lasers)—1,064 nm
¢ Erbium—Chromium doped Yttrium Scandium Gallium

Visible light systems'®
o Argon laser—488 nm/514 nm
* Frequency double Nd:YAG laser/Potassium titanyl phos:
phate (KTP)—532 nm
e Lowlevel lasers
Photobiomodulation—600-635 nm
Caries detection—655 nm

Garnet (Er:Cr:YSGG)—2,780 nm

Erbium doped Yttrium Aluminium Garnet (Er:YAG
lasers)—2,940 nm

Carbon dioxide (CO, lasers)—9,300 nm and 10,600 nm.

Classification of the laser beam.

ArF 193 nm
Nd:YAG 213 nm
KrF 248 nm
Nd:YAG 266 nm
XcCl 308 nm
Nd:YAG 355 nm
Nd:YAG 532 nm
Nd:YAG 659 nm
Nd:YAG 1064 nm
Er'YAG 2936 nm

«— HeNe 628 nm
co,

-
e

Soft X-rays
and UV radiation

n
1,0 mm)

100 nm 1,0 um 10,0 ym

Classification of laser beam by power.

Comparison of laser surface treatment and sandblasting.

Testing specimens Bonding load Bonding strength
(MPa)

Laser textured Ni-Cr 38.245 80.316*

Sandblasted Ni-Cr 36.529 74.230*

Laser textured Ni-Cr-Ti 37.673 77.206*

Sandblasted Ni-Cr-Ti 37.625 76.393*

*Mean value were not significantly different (P>0.05)
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Several principles that determine the success in making
fixed dentures so that restorations become retentive, and
last a long time, including.® Biological considerations: factors
affecting oral tissue health which include conservation of tooth
structure, avoidance of over contouring, supragingival margins,
harmonious occlusion, and protection against tooth fracture;
Mechanical considerations: factors affecting the integrity and
durability of restorations; Aesthetic considerations: factors that
affect the patient’s appearance.

Mechanical considerations are the factors that determine
the retention and resistance of a fixed denture.” In short
clinical crowns as abutments, and mechanical factors in this
case retention are difficult to obtain and become a problem
that can hinder the success of making fixed dentures.

Short Clinical Crown

A short clinical crown was defined as a tooth with a
crown height of less than 2 mm, on parallel walls remaining
after occlusal and axial reduction. The causes of short clinical
crowns are diseases and abnormalities in the teeth (caries,
erosion, dental malformations), trauma (broken teeth,
attrition), iatrogenic factors (reduction of excess teeth, large
endodontic access openings), disharmony eruption, exostosis,
and genetic variations. in the shape of the teeth. Things that
must be considered before performing treatment on short
clinical crowns include consideration of dental arch position,
periodontal considerations, crown-root ratio, and occlusion.
feasibility of endodontic treatment, and aesthetics."

Treatment for short clinical crowns includes changes to
the tooth preparation design and placement of retention
features, additional forms of resistance, The addition of a
foundation to the teeth, surgical crown lengthening, orthodontic
eruption, endodontic treatment, and placement of removable
partial denture overlays. An appropriate comprehensive
treatment plan is needed to address the problems posed by
short clinical crowns. The addition of a clinical crown can be
done by placing a subgingival margin, but if the restoration
margin exceeds the biological width, it can interfere with the
health of the periodontal tissue. To evaluate the clinical
crown height, visual examination, radiographic examination,
and analysis of diagnostic models are required." Adequate
clinical crown height is required to increase retention in the
fabrication of fixed dentures.'”

Factors affecting crown retention and resistance form in
short clinical crowns were crown lengths, degree of occlusal
convergence, axial surface area, and the relationship between
axial wall height and tooth preparation area. Secondary forms
of retention and resistance can come from the manufacture
of boxes, grooves, or pins placed on the abutment tooth
structure.”® Crowns on short tooth preparations have a
greater displacement tendency than tall crowns in the axial
wall region.®

Factors that can affect retention are grouped into three
categories, namely the modification of the tooth preparation,
casting procedure, and cementation procedure.® In the
modification of the tooth preparation, the things that affect the
surface area, the height of the crown of the prepared tooth,
the convergence of the preparation walls, the texture of the
surface of the prepared tooth, intracoronary retentive device.
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Laser beam production procedure.

Laser tool projection.

The basic components of a typical laser cavity.

Andry Sutrisman et al
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The retention denture crown casting procedure includes
the relative adaptation factors of the casting material to
the prepared tooth surface, the internal surface texture of
the casting, the effect on the retention of each of the
restored and cemented castings together, and the strength
properties of the cast metal material. While in the
cementation procedure, retention is influenced by the
type of cement, the casting surface variations in cement
viscosity, setting force, duration of force, the time lapse
between procedures cementing and removal of denture
crowns, angle unseating force, the magnitude of force
release (magnitude of the lever arm of the unseating force),
the magnitude of the compressive strength, shear strength,
surface roughness.® Surface treatment procedures before
the cementation procedure alone are known to increase the
retention of 64% of castings.” © Surface roughness in the
surface treatment procedure before cementation itself is

5-6

known to increase the retention of 64% of the casting.
Surface Treatment

Surface treatment in the manufacture of dentures is a
procedure to change the mechanical properties of a
restorative material which will later be used as a clinical
crown in manufacturing dentures. There are several methods
commonly used in surface treatment, including hydrofluoric
acid etching, airborne particle abrasion, and using diamond
burs and lasers.” With advances in laser technology, it is
used as an alternative in increasing the surface roughness
and increasing the mechanical bond between the clinical
crown surfaces of dentures and teeth.””” In the laser surface
treatment procedure used is erbium; yttrium aluminum garnet.
(Er: YAG) because it has good wavelength synchronization
and absorption.''® Laser works by using parameter control
including laser power, focus diameter, pulse direction, and
pulse frequency. The presence of parameters is the key to
success and laser control works by increasing the mechanical
and metallurgical properties of the surface area.”'>”

The surface treatment procedure using sandblasting air
abrasion in terms of surface roughness produces a rougher
surface area than the use of a laser. However, the sandblasting
procedure produces a uniform surface roughness and some
particles can contaminate the metal surface Figure 1.7 The
following are the results of the SEM surface area examination
after surface treatment using sandblasting and laser.

The bonding strength of metal using a laser has advantages
over sandblasting. Surface treatment using sandblasting has a
rougher surface but lower bonding strength Table 1. The
following is a comparison table of bonding load and bonding
strength of laser and sandblasting surface treatment.

In some cases, excessive surface roughness in the use of
sandblasting can cause fractures, especially in the transgranular
and intergranular interface areas in porcelain.” To overcome
this problem, it is necessary to have a surface modification
using a laser which produces a better surface and can increase
the strength of the matrix and affect the bonding strength.”
Laser

A laser is a device that produces a very narrow and intense
beam of light energy (electromagnetic radiation) through a
process called emission stimulation. Albert Einstein is the
developer of the laser theory. He was the first to coin the -
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