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ABSTRACT

The aim of this work is to have a complete picture of dental wear, defining it properly,
understanding how it occurs and its consequences, as well as reviewing the different methods
to measure it, the existing preventive measures and treatment options. The topic was
considered relevant due to the high prevalence of the condition, especially increasing in
children, and the lack of clear management protocol. For that purpose, a systematic literature

review of scientific publications was carried out.

Dental wear is divided in three types: attrition, erosion and abrasion. Abfraction can
be added but is not recognized universally as a different type. Each one has different causes
including parafunctional disorders for attrition, intrinsic or extrinsic acid exposure for erosion,
and foreign bodies, such as abrasive toothpastes, for abrasion. The consequences on dentition
are therefore different for each, leading to different recognizable patterns. It explains the
complexity of defining a uniform way to measure wear: many indexes have been developed
and employed through time until this day, with the BEWE being the easiest one to use and the
TWES offering good perspectives for the future. The latter seems to be the most complete
until now. As for the management, it seems all the preventive measures developed until now
lack evidence about their efficiency even though they are the preferred option. For now,
counselling and monitoring seem to be the key to handle wear. As for restorative treatments,
they should be delayed as long as possible but in advanced cases, they are the best alternative.
Ceramic ones remain the first option, but composite resin has known improvements in its
manufacturing and technique which makes it more used today than it was before. Further

studies are still needed regarding its durability.



RESUMEN

El objetivo de este trabajo es obtener una visién completa del desgaste dental,
abarcando su definicién, causa y consecuencias, revisando los diferentes métodos, las
medidas preventivas existentes y las opciones de tratamiento. El tema se considera relevante
debido a la alta prevalencia de la condiciéon, especialmente en los nifios, y a la falta de un
protocolo de manejo claro. Con este fin, se llevd a cabo una revisién sistematica de

publicaciones cientificas.

El desgaste dental se divide en tres tipos: atricidén, erosion y abrasién. Abfraccién se
puede agregar, pero no se reconoce universalmente como un tipo diferente. Cada uno tiene
diferentes causas: trastornos parafuncionales para la atricion, exposicién intrinseca o
extrinseca al acido para la erosion, y cuerpos extrafios, como pastas dentales abrasivas, para
la abrasién. Por lo tanto, las consecuencias sobre la denticién son diferentes para cada uno,
dando lugar a diferentes patrones reconocibles. Esto explica la complejidad de tener una
medida universal del desgaste: muchos indices se han desarrollado y empleado a través de los
afos hasta nuestros dias, con el BEWE que es el mas sencillo de utilizar y el TWES que ofrece
buenas perspectivas para el futuro. Este ultimo parece ser el mas completo hasta la fecha. En
cuanto al manejo, las medidas preventivas siempre son la mejor opcidn a pesar de que exista
poca evidencia cientifica sobre su eficacia. Por ahora, el asesoramiento y el seguimiento
parecen ser la clave para manejar el desgaste. Y los tratamientos restauradores deben
retrasarse tanto como sea posible, pero en casos avanzados, son la mejor alternativa. Las de

ceramica siguen siendo la primera opcidn, pero la resina compuesta se ha mejorado en cuanto



a su fabricacién y técnica; por eso, se utiliza mds que antes, aunque mas estudios sobre su

durabilidad son necesarias.
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INTRODUCTION

In dentistry, many very different types of diseases are seen every day, but one has caught the
attention in the past few years because of its growing rate in children and young patients:

dental wear.

Dental Wear, also often referred to as Tooth Surface Loss (TSL), could be described as the non-
carious loss of tooth tissue. It is the result of a multifactorial process engaging the loss of
enamel and possibly dentine, which impacts the tooth survival and the patient’s oral health.
(1,2) Itis actually difficult to draw the line between pathological and physiological dental wear
as the process is supposed to be physiological. The accepted amount of vertical loss of enamel
each year is from 20 to 38um and it could be considered pathological if the wear rate is
abnormally high for the patient’s age or if it threatens the tooth prognosis. (1,3) Therefore, its
prevalence increases with age and is normally more frequently found in elder patients. But
when it becomes pathological, it has severe consequences no matter the age and there’s an
alarming situation that has been observed in the younger population, first in 1993 with the
Children’s Dental Health survey where children under 5 years old showed signs of abnormal
erosion, especially in those who consumed carbonated drinks. Almost half of them had their

primary dentition affected. (4)

With time, it has become a disease commonly seen in the dental office, particularly with the
current lifestyle and diet adopted by society. However, it seems it is a condition too
overlooked or unknown by patients, yet it often requires intervention from the dentist, either
in terms of oral advice or invasive treatments. Moreover, patients often come to the dentist

only when the aesthetics has been affected enough or when it has become symptomatic with



pain, hypersensitivity, functional issues or great loss of structure, which imply more aggressive

treatments than if caught early.

It should be noted that wear can affect dental tissue but also the surface of restorative
materials. (5) These latter can indeed be subject to the phenomenon but can actually cause it
as well: some materials chosen for restorative purposes will be sensitive to factors causing
wear while others can in fact cause damage themselves to natural dentition. It is of upmost
relevance that the dentist accordingly makes the right material choice in those patients. Seghi
et al suggest to choose a material that has a similar hardness to the natural enamel to obtain

a prognosis that is as comparable as possible to natural dentition. (6)

Therefore, it is important to inform and educate the population on this matter so individuals
can go consult their dentist as soon as possible and avoid potential complications in the future:
it is then essential to give a proper training to the dentist so he can diagnose the condition
early, even if the patient doesn’t complain about anything in particular when arriving in the

office.

Knowing the different ways to measure dental wear and which is best and more adapted to
each patient will allow to establish the appropriate treatment plan; indeed, the guidelines for
dealing with this phenomenon vary a lot according to many different criteria such as the
patient’s compliance, his age, the state of evolution of the disease, economics, the aetiology...
and the evolution is very variable from a patient to another. The diagnosis is usually done
thanks to the clinical findings but as tooth wear seems to be influenced by more than one
factor, a simple visual exploration is not that accurate nor enough. It could also be added that

the evaluation — hence also the related decision concerning the treatment — would be very



subjective according to the practitioner who performs it, based on one’s personal and
professional experience. Numerous studies have been made in order to come up with the best
way to diagnose, grade and monitor dental wear but they are not all based on the same
criteria; some focus on the aetiology while some omit it, some take the age into account and
others don’t. The existence of that many diagnostic methods without having an universally
accepted one make it hard to gather clear information about the current status of the dental
wear in the population; this complicates even more the finding of the most adapted
preventive and therapeutic measures. (7) Many indicators and indexes have been developed
through time to allow to score dental wear. One of the first notable one is Eccles, who first
gave a broad classification according to the early, small or advanced stage of erosion without
defined selection criteria for each category. He then included the notion of severity and
location in 1979 and even if the classification had its drawbacks, he paved the way for others
who based their indices on his. (7) An overview of the most acceptable ones could be an

approach to reach the ideal guidelines.

Understanding the pathophysiology of dental wear enables the selection of the best dental
materials and techniques for a possible restauration of the mouth’s integrity and functionality.
The treatment options can vary a lot from a simple care to full mouth rehabilitation with
crowns so not correctly identifying the wear condition could worsen the initial situation and
create mistrust from the patient towards his/her dentist. It is important to stay up to date
about the current treatment strategies and the modern approach with the constant evolution

of technologies and researches to offer the best options to the patient.



And identifying a patient potentially susceptible to suffer pathological dental wear can actually
change the outcome and avoid future complications, by giving the proper advice about some

bad habits or perform small dental procedures before the occurrence of a problem. (8)

Hence, dealing with dental wear is very complex and requires meticulous study and work.
With better knowledge, the dentist would be able to give better information and advice to the

patients, make early diagnoses and perform preventive treatments instead of invasive ones.



OBIJECTIVES

The main objective:

1. Describe dental wear and its oral implications

Secondary objectives:

2. Examine its different aetiologies
3. Review the methods to measure it

4. Describe the management and treatment options for dental wear

METHODOLOGY

A systematic literature review was conducted out to select articles from scientific publications

dealing with the theme of dental wear, how to measure, prevent and treat it.

=  Online databases were used: PubMed, Medline, Wiley Online Library

= Key words used: tooth wear, dental wear, diagnosis, measure, prevention, treatment,
prevalence, erosion, attrition, abrasion, abfraction, diagnosis evolution, perimylolysis
lesion, index, evaluation system, FDI criteria, USPHS criteria, intra-oral scanner,
restoration, ceramic, zirconia, LDS, composite resin, direct, indirect.

= The research was limited at a maximum of 15 years old publications.

= Based on the content of the abstract, an overlook of the construction of the discussion
and the conclusion of numerous publications, 53 articles were considered inherent to

the topic and were consequently saved to write the following discussion.



DISCUSSION

l. Dental Wear: Generalities

a. Classification of Dental Wear

It is usually subdivided in 3 types of processes: Attrition, Abrasion and Erosion. There’s a
fourth one, abfraction, which is debatable nowadays; some authors add it into the

classification, but it is not yet universally accepted as a type of dental wear on its own. (1,2)

Attrition is defined as the “wear of dental hard tissue as a result of tooth-to-tooth contact

with no foreign substance intervening”. (2)

Erosion is characterized as the “loss of tooth tissue by chemical dissolution of enamel or

dentine by the action of non-bacterial acids from dietary or gastric sources”. (2)

Abrasion is described as the “mechanical wear of dental hard tissue not involving tooth-to-

tooth contact” (2), caused by other materials.

Abfraction is known as “tooth wear located in the cervical area caused by flexural forces
during function and parafunction”. (1) In the literature, they can be referred as to “cervical

stress lesions”. (6)

Thus, trauma, bacteria and developmental disorders are not included in TSL. (3,6)



b. Aetiology

The cause of dental wear is frequently multifactorial, explaining how necessary it is to
identify the main cause as all the contributing or damaging factors that are present to have a
global apprehension of the situation. It is thought to be the result of the interactions of
attrition, erosion and abrasion combined, often with a predominating one. (1,5) One of the

most important interaction observed was the initiation of dental abrasion by erosive damage.

(6)

1. Attrition
The presence of a physiological wear that worsens with age can actually turn into a

pathological one, secondarily to a parafunctional habit for example. (1)

The diagnosis of a parafunction can in fact be complicated, as sometimes patients are not even
aware of their predicament: it appears only half of these patients are aware of their condition.
(1) The most common one is bruxism, being described as “the grinding or clenching of teeth
at other times than for the mastication of food”, even though there is no universally accepted
definition. (9) The occlusal loads produced by bruxism can be six times greater than the ones
created during normal mastication (9), explaining the importance of trying to understand how

it occurs.



a. Main Theories

There are actually a few main theories thought to explain attrition, like the functional
theory saying dental wear is created by a prolonged teeth contact in patients with extensive
envelope of function. (10) Kim et al compared groups of subjects with normal pattern of
mastication versus subjects with a “grinding-chewing” pattern of mastication, finding the
latter had a significant increase in dental wear. It also should be noted the study was made in

young patients, so it could be expected that the difference would only increase with age. (10)

The other one relates to the central nervous system, being stimulated. It can manifest as
awake bruxism and nocturnal bruxism. The origin of awake bruxism is not-well understood
but anxiety and psychological stress are known to be risk factors. As for nocturnal bruxism, it
has been classified as a sleep-related movement disorder caused by micro-arousals occurring

in the brain stem. (10)

b. Influencing factors

There are also contributing factors, capable of increasing the TSL caused by attrition.

Ecstasy is a very popular drug — with almost 1.5% of users —and one of its side effect is bruxism,
associated to xerostomia, lasting around six to eight hours. In a study done by Milosevic et al,
60% of users showed TSL versus 11% in non-users and 89% of users reported tooth grinding.
(10) Selective 5-hydroxytryptamine Reuptake Inhibitors (SSRIs) are the most commonly used
antidepressants for anxiety and depression and it has been suggested recently that they could

cause bruxism, especially in patients who begin treatment. (10)



Another theory was mentioned stating that a decreased number of occluding teeth, especially
posterior ones, could increase the risk of dental wear but until now, to the studies conducted
have shown too much discrepancies and contradictory results, so there is not enough valid

data to include it in one of the possible reason of dental attrition. (1,10)

2. Erosion
Erosion takes place when the oral cavity pH has reached the critical threshold of 5-5.5

and dental hard tissue starts being demineralized. (1)

Erosion is often differentiated according to the aetiological agent, being intrinsic or extrinsic.

a. Extrinsic Erosion

Acidic foods and drinks participate in erosive wear such as fresh fruits — containing
citric acid or malic acid especially —, carbonated drinks, juices, pickles, vinegar and herbal tea,
proven to have a strong link with erosion. (1,2,4) To determine the erosive potential of
beverages, the measurement of the total acidity of the drink is a better indicator than its pH.
Some medications as salicylic acid, iron tonics or chewable vitamin C are a source of erosion

as well. (1)

It has also been observed in some jobs due exposure at work, as employees in the wine testing
field or in the manufacturing of battery acid, where people are exposed to corrosive or acidic

fumes. (1,3) Erosion induced by industrial acids was shown to lead to severe dental attrition.



(6) It was suggested that swimmers in pools with low pH could also be victim of erosive wear,

because of the presence of chlorine. (3,4)

As for chronic alcoholism, it can actually be both extrinsic and intrinsic but extrinsically, it is

an acid being consumed. (1)

b. Intrinsic Erosion

Intrinsic erosion occurs when the gastric content reaches the mouth, which is a result

of voluntary or involuntary actions. (1)

Vomiting can come from both in cases of pregnancy, side effect from medications, alcoholism
creating regurgitation, vomiting and gastritis, alimentary tract disorders and psychosomatic

disorders, such as eating ones. (1)

The involuntary regurgitation can come from pregnancy, gastro-intestinal disorders, gastro-

oesophageal reflux disease (GORD), rumination or vomiting hiatus hernia.

The GORD comes from the weakening of the lower oesophageal sphincter causing the
stomach gastric content to go back up to the oesophagus and on patients presenting localized
anterior tooth wear, 50% declared experiencing gastric reflux. It is nowadays considered a
condition more commonly found in children and adolescents. The acid content is actually
highly erosive to teeth, with its pH being 2 and the palatal surfaces can be particularly affected
when continuously exposed to this gastric content. (1) The case of rumination is particular as

it affects mainly patients with mental disabilities. It relates GORD with the regurgitated food

10



being chewed and swallowed again. But this condition is not well-comprehended and the

association with erosion has not been exactly established. (1)

The voluntary regurgitation has been a more observed condition recently because of the
increase of eating disorders including bulimia and anorexia nervosa, with 14 per 100,000 and

7 per 100,000 individuals in the population respectively. (1)

c. Influencing factors

The impact of the erosive factors can be influenced by different parameters such as
the physiological soft tissue movements, the quality and quantity of the patient’s saliva or the
tooth anatomy and its position regarding the soft tissues. (2) Patients affected by diseases or
syndromes can be more prone to erosive wear too, especially if they take medications, like
asthma inhalers containing steroids. They also could also have a reduced quantity and quality
of saliva due to salivary glands problems or drugs that decrease salivary flow or reduced motor
function creating a worse elimination and cleaning of acidic drinks and foods from the oral
cavity. (1) The behavioural determinant also has a great influence, including style and
frequency of eating and drinking. For example, if a person has a tendency to keep drinks that
are acidic a long time in the mouth before swallowing, there’s a longer contact between the
erosive agent and the teeth, giving more time to start damaging the dental structure. And an

increased frequency of intakes, even in small quantities, will participate in wearing teeth. (2)

Recreational drugs such as ecstasy and LSD have proven to be associated to erosive dental

wear as well. (4)
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3. Abrasion
It appears it can result from the improper dental care at home, related mainly to the
toothbrushing, implicating a strong force applied combined with the time spent on the tooth
surface. (1,3) In vitro studies have proven that it was more related to the abrasiveness of the
toothpaste and that the toothbrush was merely the carrier, which acts as a modifying factor
but is not a cause of abrasion per se. The force used and the bristles stiffness seem can more
or less worsen the wear. (11) But in vivo studies are lacking on the matter to give more

accurate data.

Inadequate techniques for interproximal cleaning with brushes or toothpicks also participates
in interproximal surfaces abrasion. (1,3) The presence of bad habits, as nail-biting, pen-
chewing, pipe-smoking or tongue piercings are abrasive agents as well. (1) It has been
suggested that it could be associated with some jobs like dressmaking, glassblowers,
musicians, where people tend to hold objects with their teeth or because of the daily exposure
to particles, grit and dust in some working areas. (1,3) It appears that some foods, like nuts
and seeds that are included in current healthier diets, could have an abrasive effect, but
dietary abrasion is being obsolete nowadays because of the soft diet adopted by our modern

society, in opposite to older times. (1,6)

It could be also influenced by dental treatments; TSL can be worsened and have an increased
rate with materials such as ceramic, if unpolished and antagonist to a natural tooth. (1,6)
Feldspathic porcelain has been used because of its aesthetics for decades, but it actually
causes excessive abrasion to natural dental structures. An in vitro study has shown zirconia

could cause a lot of wear as well but only if not well-polished. (6,12)

12



4. Abfraction

Being the centre of numerous debates about whether it is a form of dental wear or
not, the studies are not being highly conclusive about its whole mechanism. Some authors like
Barlett and Shah say it is the clinical manifestation of erosion, abrasion and attrition combined:
the erosion would lead to mineral loss, making the tooth surface softer and abrasion and
attrition help in stimulating dental wear in the cervical area. (1,3) The most commonly
accepted reason is that abfraction is related to abnormal occlusal loading, with eccentric
forces being applied. It would cause cusp flexure, which leads to tensile stress and the
formation of cracks in the tooth structure, especially in the area where the stress is
concentrated. (3) Nonetheless, it appears all the evidence gathered until now doesn’t seem

to be enough to state abfraction can be a major aetiology of dental wear per se. (6)

c. Oral Manifestations

Because of its multifactorial origin, dental wear can have various clinical
manifestations. Although one factor could be the main cause, the clinical appearance is

generally the result of years of deterioration making the diagnosis unclear. (1)

Generally, dentine sensitivity and impaired function are described. Dentine sensitivity refers
to the “transient pain in response to chemical, thermal, tactile or osmotic stimuli” and
generally appears after enamel loss with dentinal exposure (13). They can also present oral

ulceration, burning mouth syndrome and parotid gland enlargement. (1)
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As a first approach, the dentist can observe reduced occlusal space, enamel that easily
fractures and teeth that appear shorter. The enamel fragility makes it thinner, showing the

underlying dentine and changing the teeth optical properties. (1)

1. Attrition

The most affected surfaces are the occlusal and incisal ones, where the opposing
occluding surfaces of antagonist teeth interrelate. (2) In general, the first ones that are altered
are cusp tips in a localized pattern and the palatal surfaces of the maxillary anterior teeth
presenting structural loss and with time, a more generalized flattening is observed. (1) Then

the lesions look flat, glossy with distinct margins and are hard. (1,3) [Figure 1]

Figure 1: Moderate to severe TSL due to attrition, with flattened incisal surfaces (6)

There’s actually a clinical correspondence between where and how patients brux their teeth.
(2) Indeed, if the patient tends to brux in anterior/posterior direction, the lesions will be seen
in the anterior teeth and if he bruxes laterally, the lesions are generally on the canines. But if
he has a group function occlusion, lesions on the premolars and molars can be observed. (10)

The antagonists surfaces that are in contact wear at the same rate, displaying a certain

14



symmetry — although the contacts causing attrition are often in one of the border positions,
so usually not the ones in occlusion. (1,2) Once the occlusal dentine is exposed and no
protection is being established from the bruxism, the tooth wear rate accelerates as dentine

tends to be removed two to five times quicker than enamel. (10)

In bruxist patients, there will often be complain of jaw fatigue or muscular pain. (10)

2. Erosion

The initial lesions are generally not noticed by patients. According to the cause of this
type of wear, the location and severity can be different. (1) But they first commonly appear as
“silky-glazed” dull surfaces where some of the usual characteristics, such as perikymata, have
disappeared. (2) In general, the most affected surfaces are the lingual and buccal ones of the

maxillary anterior teeth. (2)

In the case of intrinsic erosion, palatal surfaces of those teeth are the first areas being affected
as the buccal mucosa and the tongue protect the rest from acid exposure — although when
the predicament progresses, these structures are not enough. (1,2) Concave depressions will
be seen with a thin and translucent enamel. (3) The perimylolysis lesions are the most
characteristic sign of voluntary regurgitation, found on the palatal surfaces of maxillary
incisors, being described by the decalcification of the dental structure and smooth lesions with

pigmented stains and rounded margins in the teeth [Figure 2]. (1,14)
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Figure 2: 28-year-old patient known
for vomiting over years presenting
severe wear in palatal surface of
maxillary anterior teeth (15)

(b)

Figure 3: 12-year-old patient with high
intake of cola presenting (a) palatal and
buccal erosion in maxillary anterior teeth
and (b) cupped mandibular molars (16)

But in the case of extrinsic erosion, the characteristic lesions observed are widespread cupped
out ones with a pattern specific to the dietary habit of the patient. (2) They will often impact
the buccal cervical areas of the maxillary teeth, especially in erosion caused by environmental
factors by exposure at work, and the occlusal ones of the mandibular posterior teeth [Figure

3.1(1,4)

In moderate cases affecting only enamel, the appearance is shiny and smooth with loss
of some of the anatomical characteristics but in advanced cases, there is a complete
destruction of enamel with dentinal exposition. We have the characteristic ring of enamel in
those cases, surrounding the gingival third of the teeth. This is thought to be due to the
neutralisation of the acid by the gingival crevicular fluid. But the exposure of the dentine

makes it more susceptible to acid attacks and the loss of tooth structure in this area is faster.
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And the more the lesion advances, the more hollowed or cupped out surfaces are observed.

[Figure 4] (1,2)

Figure 4: 28-year-old patient known for having 7 acidic intakes per day and
regurgitating presenting occlusal cupped out surfaces on posterior teeth —
the composite restoration is above the occlusal level on the 44 (15)

The tooth can appear more translucent than usual due to the loss of enamel or darker because
of the exposition of the underlying dentine. Teeth become more fragile and present easier

chipping or fracture, especially in the anterior ones. (1)

The staining of the teeth can help determine if the teeth are still exposed to the erosive agent:
when the process is still active, there’s usually absence of staining while if the dentine is

apparent and stained, it means the erosive agent is not acting on the teeth anymore. (1)

3. Abrasion

The clinical manifestation depends on the causative agent which influences the
localization and the severity of the wear. (1) But in general, the most affected surfaces are the
cervical region of teeth, possibly associated to gingival recessions. (2) Localized lesions are
observed when resulting from a bad habit, for example when an object is held between the

teeth; in this case, the wear will match the shape of the object [Figure 5]. When the
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toothbrushing is done with too much strength, it will present as rounded grooves in the
cervical area; it can be localized to the canines and premolars primarily or generalized
depending on the toothbrushing technique [Figure 6]. And it seems that right-handed people
will have a tendency to form more wear on the left side and same for left-handed people on

the right side. (1)

Figure 6: Unilateral abrasion in the upper left
arch, thought to be caused by brushing
technique (17)

Figure 5: Incisal edge abrasion corresponding
to the electric wire the patient has the habit
to put between his teeth in his work as an
electrician (17)

Abrasive wear usually presents sharp defined margins, which helps differentiate it from the

erosive one which displays as broader shallow lesions. (1)

4. Abfraction

The lesions are manifested as wedge-shaped defects at the level of the
cementoenamel junction [Figure 7]. (6) They are very similar to the abrasive ones due to
toothbrushing, but they are recognizable due to their more angular aspect whereas in

abrasion, lesions are more rounded and smoother, usually associated to more or less severe
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gingival recession. (3) Gingival recessions can actually also be found in abfraction but are not

characteristics of this phenomenon. (3)

Figure 7: Abfraction lesion in patient presenting a multiple aetiology TSL (18)

d. Epidemiology

It has been observed that dental wear has increased in terms of severity and
prevalence, in elders, mainly due to the increased life expectancy, but also in younger
generations. (2) However, the exact prevalence of TSL is hard to establish because of the

multiple various assessment criteria. (3)

1. The situation in children and adolescents

In Europe, an augmenting prevalence of cases in children has been observed in the last
decade, in association with the increasing age, particularly in the deciduous dentition. The
data are being collected through the Child Dental Health Survey in United Kingdom since 1973
and are repeated every 10 years; the last one was done in 2013 and corroborates the previous

results. In 5-year-old patients, 57% of them presented dental wear on lingual surfaces with 4%
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affecting the dentine or pulp and 33% of buccal surfaces with 16% affecting the dentine or
pulp. In 15 year-old patients, 44% of them presented dental wear on the palatal surfaces of
maxillary incisors and 31% of them on occlusal surfaces on the first permanent molars. (1)

They generally do not suffer severe attrition but rather erosion. (3)

2. The situation in adults

In the United Kingdom, it’s the NHS Information Centre commission that collects data
about adults’ dental health every decade through surveys. Their most recent statistics are
from the 2009 survey. It was observed that since the last survey in 1998, dental wear has
increased from 66% to 76%. There was also a rise in the number of teeth affected to dentine,

at 77% in the anterior teeth. (1)

It is commonly found in adults where prevalence increases with age, particularly on occlusal
and incisal surfaces (6) A systematic review by Van’t Spijker has indeed revealed that 3% of
20-year-olds presented severe dental wear versus 17% in 70-year-olds. (1,3) And in 2013,
Bartlett et al found that 29% of the European adults between 18-35 years old were affected

by TSL. (3)

It has also been suggested that dental wear was more commonly found in males with the

theory that they have more tooth retention and more occlusal forces. (1)

But the prevalence studies for adults are actually scarce for it may be difficult to select

participants and keep track of them in time. (1)
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3. The situation according to types

According to Smith and Knight, attrition was the main pathological cause of dental
wear, found in 11% of cases and in two-thirds of the combined aetiologies of TSL. Awake
bruxism is very common, with a prevalence of 20% and nocturnal one with a prevalence of 8-

10%. (10)

They also observed that in 89% of patients with severe TSL, erosion was aetiologically
implicated. (1) In general, a high prevalence of erosion is observed in United Kingdom, in

adolescents with a percentage of 53% and in adults with a percentage of 77%. (1)

Erosion has shown a massive rise in industrialized societies, particularly with the ideal body
image conveyed by the industry of fashion and social media where slenderness is defended.
It has created an obsession around body shape and diet leading to an augmentation of eating
disorders as anorexia, exposing the oral environment to the abnormal presence of acids. (2)
In this particular case, the male to female ratio is 1:10 but males have been observed to be

less inclined to seek medical care therefore are at similar risk of eating disorders. (1)
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Il. Diagnosis of Dental Wear

a. Patient’s Anamnesis

Interrogating patients is unquestionably relevant to the proper diagnosis of dental
wear, especially which type they’re dealing with. The dentist should be asking about the diet,
habits, oral hygiene techniques, anything that could be linked to the aetiology of wear. In
patients where erosion factors are suspected, it is recommended keeping a three-day

comprehensive diet diary to have a better analysis of the diet. (4)

If the patient comes with a chief complaint, it is important to note it down, as well as any
information about all the symptoms they’ve had. The concerns of the patient should be

examined, related to sensitivity, pain, fractured teeth, discoloration... (6)

This phase can actually also help the dentist determine the level of motivation of the patient,
if he’s willing to change his habits or lifestyle, if he will be able to handle a huge treatment,

especially involving appliances. (4)

b. Patient’s General Examination

An extraoral examination is necessary to assess the temporomandibular joints and the
related muscles, checking the possible presence of clicks or crepitations or if there’s a
deviation during the opening or closing. (3) Any referred abnormality should be documented.

A parotid gland enlargement should also be registered as it is often seen in bulimic patients.

(1)
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The facial vertical proportions should be evaluated as the presence of a lower facial height
could be a sign of severe dental wear. For that purpose, the resting vertical dimension, the
occlusal dimension and the freeway space should be measured. The aesthetics can also be

assessed through smile by examining the smile line and the lip line. (1)

The intraoral examination includes soft and hard tissue exploration, with an appraisal of the

oral hygiene and a periodontal inspection. (1)

c. Indexes: Qualitative Methods

The 2 most famous ones are the Tooth Wear Index (TWI) and the Basic Erosive Wear
Examination (BEWE). At this moment, none has been accepted as the universal method of
classifying dental wear. Most of them are based on the diagnosis and monitoring of TSL,
grading its severity, and often using numbers to do so. But they have limitations as they are
focused only on the prevalence of the wear at the moment of the evaluation without having
the reference of the natural dentition before the defect occurred and they are often based on
a subjective visual estimation. (1,19) They can be used on both teeth or models. (20) However,
it appears that the application of these indices solely on casts tends to lead to an

underestimation of the actual loss due to wear. (21)

1. Tooth Wear Index (TWI)

The TWI is currently the most commonly used. Smith and Knight designed it for

research into the aetiology, prevention but also for the management and monitoring of TSL
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and epidemiology, being the first index to do so. It evaluates the four surfaces of the tooth,
with scores depending on the loss of enamel, dentine, the change of the contour assessed
clinically [Table 1]. Its authors also added different pathological levels depending on the
patient’s age. Nevertheless, it presents limitations regarding the thresholds for pathological
wear, making the scoring more difficult. (1) It has also been blamed for its dependence to the
very subjective visual assessment of exposed dentine and for the exclusion of restored

dentition and etiology. (3)

Table 1: Tooth Wear Index (TWI), according to Smith and Knight (5)

Score | Tooth Surface Criteria
0 Labial/Oral/Occlusal/Incisal | Without signs of enamel loss
Cervical Without signs of crown contours loss
1 Labial/Oral/Occlusal/Incisal | Loss of enamel surface relief
Cervical Minimal loss of crown contours
2 Labial/Oral/Occlusal Loss of enamel dentine baring less than 1/3 of surface
Incisal Loss of enamel with minimal baring of dentine
Cervical The depth of defect is less than 1mm
3 Labial/Oral/Occlusal Loss of enamel; dentine baring more than 1/3 of surface
Incisal Significant loss of enamel and dentine
Cervical The depth of defect is 1-2mm
4 Labial/Oral/Occlusal/Incisal | Extensive loss of enamel and dentine with baring of dental
pulp
Cervical The depth of defect is more than 2mm; baring of dental pulp

Millward et al adapted this index to study erosion by making “mild”, “moderate” and “severe”

categories for primary and secondary dentine but wear tends to be overestimated. (1)

The latest modification was done by Fares et al to reach the Exact Tooth Wear Index [Table
2]. They scored enamel and dentine wear separately and their scoring can find its
correspondence in the Smith and Knight classification to make comparisons when necessary.

(1,22)

These indices are considered easy to understand and are often applied to research. (1)
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Table 2: The Exact Tooth Wear Index, according to Fares et al (22)

Score | Exact Tooth Wear Index for Enamel

0 No tooth wear: no loss of enamel characteristics or change in contour
1 Loss of enamel affecting less than 10% of the scored surface

2 Enamel loss affecting between 10% and 1/3 of the scored surface
3

4

Enamel loss affecting at least 1/3 but less than 2/3 of the scored surface
Enamel loss affecting 2/3 or more of the scored surface

Score | Exact Tooth Wear Index for Dentine

0 No dentinal tooth wear: no loss of dentine

1 Loss of dentine affecting less than 10% of the scored surface

2 Dentine loss affecting between 10% and 1/3 of the scored surface
3

4

Dentine loss affecting 2/3 or more of the scored surface, no pulpal exposure
Exposure of secondary dentine formation or pulpal exposure

2. Basic Erosive Wear Examination (BEWE)

The BEWE was designed in 2008 by Bartlett, Ganss and Lussi for both practitioners and
researchers and uses the Basic Periodontal Examination. It is based on a partial scoring system
that registers the status of the most affected surface of each tooth then the most affected
tooth of each sextant. A sum up of the value of each sextant is made and a total value of BEWE
is obtained, giving the general status of erosion [Table 3]. (5) It has been considered an
acceptable system for scoring erosion with satisfactory inter-examiner reliability for wear in
dentine; however, more divergences were found for wear affecting enamel. (1,5) It has also
shown to be more efficient than the TWI to detect severe wear but requires an experimented
dentist to assess the more moderate cases. (23) It was considered as being the ideal one for a
while due to its simplicity and rapidity and has even been approved to be used for other types

of wear than erosion. (8)
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Table 3: The Basic Erosive Wear Examination (BEWE), according to Bartlett, Ganss and Lussi

(5)

Score

Criteria

0

Intact surface

1 — Moderate Erosion

Initial loss of surface enamel layer

2 — Advanced Erosion

Obvious defect of hard dental tissues affecting up to 50% of tooth
surface

3 — Serious Erosion

Extensive defect of hard dental tissues affecting more than 50% of
tooth surface

Total Value of BEWE

Erosion status

Between 3-8 Moderate stage of erosive lesions
Between 9-13 Advanced stage of erosive lesions
214 Serious stage of erosive lesions

3. Anterior Clinical Erosive classification (ACE)

Vailati and Belser introduced a new classification in 2010 called the ACE with the

purpose to be easier to apply than the BEWE. (1,3) The classification is made on six classes

and five parameters are taken into account for the treatment and prognosis: the preservation

of incisal edges, the dentine exposure in the interproximal areas, the length of the remaining

clinical crown, the pulp and the presence of enamel on the vestibular area. For each class, a

different treatment option is recommended. Similarly to the BEWE, to classify the patient in

one of those classes, the most affected tooth will be used as a reference. However, this

method also has shown its limitation as it is designed only for anterior maxillary teeth,

although the treatment plan usually also includes the posterior teeth rehabilitation. (1)

4. Tooth Wear Evaluation System (TWES)

It is @ modular clinical guideline that helps in the qualifying and quantifying diagnosis

of dental wear. (3) It was made of ten modules, four for basic diagnostic, three for extended
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diagnosis and three for management. (24) Because of its complexity, it has been revised in
2020 and nowadays, it uses a 5-point ordinal scale for occlusal and incisal surfaces and another
5-point ordinal scale for the non-occlusal and non-incisal surfaces for natural dentition [Table
4]; a supplementary 5-point ordinal scale is currently being implemented for restorations but

needs testing first. (25)

Table 4: The Tooth Wear Evaluation System (TWES 2.0), according to Wetselaar et al (25)

Grade | Occlusal and Incisal criteria

0 No (visible) wear

1 Visible wear within the enamel

2 Visible wear with dentin exposure and loss of clinical crown height < 1/3
3

q

Loss of clinical crown height > 1/3 but < 2/3
Loss of clinical crown height > 2/3

Grade | Non-Occlusal and Non-Incisal criteria

0 No (visible) wear

1 Wear within the enamel

2 Wear with dentin exposure (<50% of the area)
3

4

Wear with dentin exposure (250% of the area)

Wear with dentin exposure (complete tooth loss of enamel or pulp exposure)
Grade | Classification of the Tooth Wear

0 — In all sextants and the anterior palatal sextant No wear

1 - In any sextants and/or the anterior palatal sextant | Mild tooth wear

2 — In any sextant and/ or the anterior palatal sextant | Moderate tooth wear

3 —In any or all sextants Severe tooth wear

4 - In any or all sextants Extreme tooth wear

It is based on only two diagnosis modules nowadays, with the Tooth Wear Screening and the
Tooth Wear Status. They are performed with a mirror and a form that needs to be filled
according to the criteria previously seen for each tooth. The occlusal surfaces are being
recorded as well as the palatal for the sextant 2 for the Tooth Wear Screening and all the non-
occlusal and non-incisal areas for the Tooth Wear Status and a general classification of the

tooth wear can be done [Table 4]. (25) They were designed to be easy and fast to perform.
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According to the severity of the wear, other parameters are evaluated, such as the aetiology
through clinical signs, the detection of pathological signs and symptoms, a specific oral history
questionnaire can be used or a salivary analysis can be performed. (25) This system is the first
one that includes that many factors, taking into the account the aetiology and trying to add
the restorations wear. Furthermore, it actually gives specific treatment guidelines to each

diagnosis.

5. Measuring of Tooth Restorations Wear

There are also classifications exclusively for restorations wear, with the modified
United States Public Health Service (USPHS) criteria and the FDI (World Dental Federation)
criteria being the most frequently used criteria for evaluating composite restorations among

others. (26)

The modified USPHS criteria or Ryge criteria was initially based on the evaluation of the colour
match, the marginal adaptation, the cavo-surface marginal discoloration, caries and the
anatomical form and was revised a few years later to be more inclusive of factors such as the
occlusion, retention, fracture or post-operative sensitivity. (27) It uses codes Alpha, Bravo,
Charlie and Delta for each parameter; to rate the restoration, the worst code among the
parameters evaluated is taken. (5,26) However, the criteria were developed when the use of

amalgam was prevailing, and the adhesive materials were not as reliable as today. (27)

The FDI criteria was then created by Hickel et al, analysing functional, aesthetical and
biological factors, which are divided in subgroups for a more precise analysis. It works on a

five-scale grading and as for the USPHS criteria, the most severe score is recorded. Only a few
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parameters should be used during an evaluation to prevent an exhaustive diagnosis. In 2008,
it was considered as the Standard Criteria, and ultimately has gone through revision in 2010

after feedback. (27)

In general, the USPHS has been more used than the FDI criteria but is also older; in fact, since
2010, the use FDI criteria as been increasing as it was reported practical, thanks to its variety
and freedom of choice regarding the criteria, relevant and standardized. Both of them were
more applied to direct restorations but haven’t proven their efficiency yet for indirect ones,

which would require further studies. (27)

All those indices show their limitations, especially in matter of incapacity to adapt
when there are small variations. Most of them don’t include in the criteria for classification
the patient’s perception of the wear, when the symptoms have started, the appearance of
sensitivity or if a lowering of the lower facial height has been observed, which should be taken
into consideration. And the TWI, compared to its successors, requires more time in the dental

office, while being often used. (1)

d. Additional Quantitative Methods

They can be used to overcome the limitations brought by the single use of indexes and
include for example profilometry, radiographies or ultrasounds. (28) While they can be
helpful, those methods are actually complicated to relate to the clinical situation in vivo.

(29,30) They are often time-consuming and costly. (28)
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1. Optical Coherence Tomography (OCT)

It is a technique that is often used for the passive observation of dental structures
which provides a cross-sectional image of internal structures [Figure 8]. (31) Thanks to the
distinct scattering properties of enamel and dentin, the emission of light gives data about the
thickness of the different tissues, which makes it useful in detection of cracks, dental caries
and possible micro-gaps in adhesive restorations as well. (30,31) Kawashi et al studied OCT
and its accuracy in monitoring dental wear and came to the conclusion that it seemed to be a
suitable method for this purpose. Nevertheless, this technique presents drawbacks as the
scanning range is limited to a few millimetres, meaning it cannot assess the situation in large
lesions. It also has a long processing time, implying there’s a bad image quality if it is done

hastily. (30) Additional in vivo studies would be necessary for more adequate results.

Figure 8: Tooth affected with erosive wear. (b) OCT of occlusal area with demineralized
enamel ridge; (c) erosive cavity; (d) strong demineralization of bottom erosive cavity; (e)
cavity bottom with amorphous dentin; (f) buccal enamel ridge. (32)
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2. Quantitative Light-Induced Fluorescence (QLF)

This technique uses the fluorescence property of dentine when being under ultraviolet
excitation: a diminished fluorescence, characterized by darkened areas, suggests a decrease
of mineral content in the dental tissues. Therefore, it was first used for the early detection of
caries with a non-invasive approach. (28) Kim et al used this method to measure dental wear,
establishing the possible exposure of dentinal structure in occlusal surfaces. Studies have
suggested that the fluorescence increased with the progression of occlusal dental wear; this
technique seems then to offer a good method to identify dental wear, even though it needs
further research [Figure 9]. (30) Indeed, until now, the studies have been performed in
controlled environments with artificially induced wear; it would interesting having clinical

results. (28)

TWI

QLF-D
(White-light
images)

QLF-D
(Fluorescence
images)

AFwear

Histology

Enamel
thickness

Figure 9: QLF digital (white-light and fluorescence) and stereomicroscope images according
to TWI (28)
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3. Intra-Oral Scanner (10S)

This method was designed for the early detection and follow-up of TSL based on both
in vitro and in vivo information, obtaining information from the patient’s mouth or from a
physical model [Figure 10]. Studies have proven that there was a higher sensitivity detection
with the use of a qualitative method — index — on digital three-dimensional models than with
conventional clinical assessment, making the diagnosis easier thanks to the possibility of
image magnification and assessing the TSL without the inconvenience of soft tissues. (23,29)
In a study performed by Tomds et al, the detection of dental wear using I0S in vivo has shown
results corresponding its prevalence in the general population, found as well on palatal
surfaces of central incisors, occlusal surfaces of first molars and incisal surfaces of canines;
only the amount of affected incisors detected by 10S was lower than the percentage found in
the population. (23) Nonetheless, the study was performed on 53 young students, making it
necessary to carry out further studies with bigger and more heterogeneous samples in order
to get more accurate results. For now, 10S is a solution that seems promising for the daily use

in the dental office in the future.

Figure 10: I0S record of maxilla and mandible in a patient with TWI score
1and 2 (23)
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lll. Prevention of Dental Wear

The different treatment options should follow a gradual guideline, with the minimally
invasive options explored first, then going on with more aggressive ones only when the

previous have failed or aren’t possible.

This part has its importance nowadays, due to the increased incidence particularly in children,
so putting in place the appropriate preventive measures early can avoid any complications in
the adulthood. But it is actually hard to identify individuals that will eventually be affected by
TSL so establishing primary prevention is challenging. Furthermore, there are few significant
evidence regarding the clinical effectiveness of the most preventive and non-invasive

measures. (1,2)

a. Monitoring & Dietary advice

Monitoring and counselling are actually the first option when no symptoms, no

aesthetic nor functional impairment are being observed. (9)

The monitoring is actually also important after wear treatment has been performed,
to prevent further lesions and to assess its efficiency. In this case, it is suggested that high
quality photographs are made of the patient to allow comparison and check the evolution,
periodic study casts should be done every six to twelve months for the same purpose and
make a more thorough evaluation. Sectional silicone indexes can be produced from the first
cast to be employed as a reference guide. (6) New technologies have also emerged, reinforcing

the interest of patients in their condition: the CAD/CAM (Computer-Aided Design / Computer-
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Aided Manufacturing) methodology uses a scanner that records the patient’s data. It can be
helpful to rapidly get and store his data and also for him to see and have a detailed
visualization of his problem, to be more involved in the management of his wear. A one-year
follow-up initiated by Ahmed et al has proven CAD/CAM monitoring of TSL was feasible and

applicable in the dental office [Figure 11]. (33)

Intake 1.5-year recall

Figure 9: Monitoring of a severe wear in a 50-year-old patient. Pathological wear
observed in the 1.5-year-follow-up, related to erosion, without identification of the exact
aetiological factor (34)

As for the recommendations, they should be made according to the type of wear as
they are indeed very different in nature and aetiologies. Nevertheless, most preventive

measures researches have aimed at limiting the erosive wear. (1)

It has been noted that early diagnoses of dental wear when enamel was still present have led

to its slower rate of progression when the appropriate preventive advice had been given. But
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it did not prevent the occurrence of severe wear when facing a change of situation, lifestyle,

especially in moments of stress. (1)

In the case of erosion, the main objective is to reduce the exposition of the dentition to acid
content. That would mean decrease the amount and frequency of consumption of the acidic
foods and beverages. If taken, those foods should be limited to mealtimes and fruit juice
intake should be restricted to once a day. (1,3,4) For drinks, it should be recommended to
patients to use wide bore straws to avoid tooth contact and to avoid keeping the beverages
in the mouth. (1,3) Neutral drinks should be preferred, such as water and milk. (3) It has been
shown that the consumption of dairy products, including hard cheese, or chewing-gums
following acidic intakes helps the stimulation of the salivary flow, the increase of its pH,
favouring the re-thickening of enamel and reducing the erosive effects of the causative agent.

(1,6)

b. Medical Referral

The preventive actions can also include a therapy in association with a psychologist
and/or a psychiatrist for the behavioural and psychological management of eating disorders
or a gastroenterologist for a medical management of the gastric reflux. (2) Patients in this case
could benefit from the use of antacids, omeprazole and ranitidine to reduce the acid
production and reflux. (1) If a medication causes xerostomia as side-effect, the medical
practitioner should find an alternative or prescribe salivary stimulants. (4) It was shown that
with an adequate management of gastro-oesophageal reflux, enamel erosion was reduced in

the six weeks of treatment. (2)
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Regarding attrition caused by SSRIs, it could be interesting suggesting a change in the drug for
the management of depression and anxiety to the medical practitioner in order to reduce the

associated side-effects. (10)

c. Oral Hygiene Education and Suppression of Bad Habits

Giving advice about toothbrushing is of high relevance, explaining the damage of a too
fiery toothbrushing technique and the need to avoid highly abrasive toothpastes. It should be
mentioned to be especially careful with the ones that supposedly favour tooth whitening.
Remineralizing toothpastes have proven to be more efficient than conventional fluoridated
toothpastes as they increase the hardness of the teeth surface. The timing of toothbrushing
is also relevant as it should not be performed right after acid exposure, through vomiting or

acidic food or drink intakes. (1,3)

Neutral sodium fluoride mouthrinses or gels could be added as a recommendation as studies
have demonstrated the use of topical fluoride could help in wear caused by acids. The daily
use of a 0.05% sodium fluoride mouthwash could be recommended. It also helps in the
prevention of symptoms such as sensitivity. The use of toothpastes containing potassium and

tooth mousse has its advantage against dentine sensitivities as well. (1,3,6)

It is also important to encourage the suppression of bad habits, giving patients
concrete examples such as pen-biting, nail-biting, holding or opening objects with teeth to
avoid damaging both sane and already worn teeth. (1) It should also be reminded to the

patient that he should reduce stress as much as he can, especially if he has parafunctional
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disorders, in order to preserve the remaining dental structure; if he had a stressful routine, he

should consider a change of lifestyle. (3)

d. Preventive treatments in the dental office

To help protect dental structure, the application of fissure sealants and dentine
bonding agents could be beneficial, also to lower dentinal sensitivity. They appear to be
efficient for a period of nine months post-application but do not last in teeth already suffering

severe wear. (4)

Glass ionomer cements are used for the same purpose, being efficient especially on exposed
dentinal areas. (1,6) The latter can even be used on posterior teeth in the pre-treatment phase
of a restoration, in order to keep the occlusal space. (2) Fluoride varnishes or 0.7% fluoride
solutions might be applied as well in the dental office for dentinal hypersensitivity, then should

be followed by a 0.4% stannous fluoride application at home by the patient. (4,6)

e. Occlusal Splints

The use of splints is advisable in the case of ongoing tooth wear to prevent further
tooth surface loss due to attrition. They help distributing the forces across the masticatory
system and reduce the frequency of the heavy occlusal loads, but they do not limit their
intensity. They should cover the whole arch and the occlusal areas of all teeth — otherwise
overeruption of the uncovered teeth may occur —, have flat even contacts and allow

disocclusion. (9)
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They can be either hard or soft. The hard ones are made of polymethylmethacrylate (PMMA),
heat-polymerized ones being better in the long-term due to their superior strength and lower
toxicity. They help giving a provisional ideal occlusion. The soft ones are made of ethylene-
vinyl acetate (EVA) and are used only as a short-term solution because of their lack of stability;
the 4mm thickness is the most commonly used and the 2-3mm one is the one suitable for

children. (9)

It is advised to give them a hard consistency as they last longer in time than the soft ones. The
bilaminar ones which are hybrids are considered as being the most cost-effective. But in case
of more severe bruxism, full coverage hard acrylic occlusal splints are more adapted, with a
Michigan splint or Tanner appliance. They are more expensive but have more effectiveness in
the management of severe dysfunctions and can also establish mandible repositioning with a

reproducible retruded contact position before engaging into restorative treatments. (1,6,9)

A particular attention should be given to patients requiring splints due to erosive wear,
notably in night reflux cases, where more counselling should be performed, as without care,
the acidic agents could accumulate in the splint and worsen the prognosis of the dentition.
Bulimic patients are recommended to wear their splint when vomiting then take it out and
clean it. Soft vacuum-formed appliances modified to include reservoirs also have their benefit
when filled with desensitizing agents, topical neutral fluoride gels or acid neutralizers like
sodium bicarbonate for night-time remineralization; they can be made with the application of

a die spacer on the treated teeth in the model before the thermoforming. (1,4,9)
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V. Treatment of Dental Wear

a. Decision to treat

After thorough indexing, the decision on how to manage the patient’s wear should be
taken. The classification and severity of the TSL will help take the decision but some criteria
can also be taken into account. Following the TWES, for grade 0 or 1, only a preventive
approach is needed and for grade 2 involving non-occlusal or non-incisal surfaces, grade 3 and

4, a restorative approach is preferred. (25)

It was shown that facing a patient who is asymptomatic, with no active wear or who does not
seem implicated in dealing with his condition, taking only preventive measures was more
effective. (3) On the other hand, restorative treatments have proven valuable when the
patient presented symptoms as sensitivity, pain or when rehabilitation of mastication,

phonation and restoration of aesthetics were needed. (3,13)

The choice of materials for patients suffering dental wear is essential so the remaining dental
structure can last in time and be protected from any damaging factors, but unfortunately most
studies were made in laboratory trials so their use in real life might give different results. This
is why it is for now recommended to delay the invasive treatments as long as possible

preferring a conservative approach at first. (3,13)
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b. Planning

Once the wear diagnosis has been established, an assessment of the patient’s situation
is necessary. Preliminary investigations are first made through clinical and radiological
exploration. (13) The information obtained during the extraoral and intraoral examination for

the diagnosis will also be used in the treatment planning.

It is crucial to evaluate the OVD in this type of patient, which can be done through assessment
of phonetics, with the help of the interocclusal distance or evaluation of soft tissues; the most
frequently used in literature involves the freeway space evaluation, the Resting Vertical
Dimension (RVD) and the employment of callipers. (3) The choice of treatment will indeed
depend on parameters like the OVD, as well as the aetiology and pattern of wear, the teeth
affected, the remaining tooth structure, the space requirements of the material chosen and
the patient’s expectations. (3,13) The endodontic need should also be evaluated with

sensitivity tests through ethyl chloride or warmed gutta-percha that have proven useful. (3)

Some patients will require an interim hard heated-cured full coverage splint to diminish signs
and symptoms of potential temporo-mandibular disorders before engaging into restorative
treatments. It can also help them test their tolerance to the new programmed change in OVD.

(3,13)

Before starting any treatment, impressions should be made, from which result casts that are
mounted in the articulator with occlusal records. A diagnostic wax-up can also be realized so

the patient can assess the aesthetics and the functional restoration planned. (3,13)
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c. Fixed Treatments

The choice will be made between metal restorations, porcelain-fused-to-metal (PFM)
restorations, all-ceramic restorations, indirect ceramic veneer, indirect resin restorations,

direct resin restorations and combinations. (13)

1. Indications and Contraindications

This option is recommended in patients affected by localized or generalized tooth wear
who complain of pain or discomfort, have aesthetic concerns, compromised structural
integrity of their teeth, functional disturbances or alveolar compensation with insufficient

occlusal space for restorations. (13)

However, it should not be performed in periodontal patients, when there are extensive caries,
teeth that are not restorable — meaning with vertical root, horizontal or oblique fractures,
failed root canals —, soft tissue defects, extensive edentulous spaces or insufficient posterior

support. (13)

2. Materials

It is important to assess the aetiology of the tooth wear to find out if after the
treatment the restorative materials will be submitted to those same factors, especially in
bruxist patients. Most times, the failure is primarily biological, then can be secondary to a
mechanical failure. (13) In the case of augmentation of OVD, the material chosen should be

even more resistant to wear. (12)
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In the recent approaches, the survival of the remaining tooth structure is of upmost
importance compared to the survival of the restorative material. So nowadays, the use of

direct composite resin is increasing due to its less invasive technique. (13)

a. Composite Resin Restorations

Composite resin is a material often chosen for its good aesthetics. It is interesting in
the treatment of wear as it is minimally abrasive to antagonist structures and can be easily
adjustable. (3) It can even serve as a temporary solution, to prevent further damage to worn
teeth until the definitive restorations are placed. (35) However, it also suffers wear more easily
than other materials, making its use unrecommendable in the posterior areas, especially in
cases of full-mouth rehabilitation. (13) An in vitro study performed by Xavier et al showed that
composite suffered a decrease in surface microhardness when exposed repeatedly to acid
drinks, with phosphoric acid being the most aggressive agent: thus, it does not have high

resistance facing erosive agents. (36)

It can be used as direct or indirect restorations.

The direct technique has a very conservative approach, is well tolerated by pulpal tissues, is
minimally abrasive to antagonist structures, has a good quality/cost ratio and can be done in
a single appointment. (3) However, it requires good quantity and quality of enamel for
adequate adhesiveness, needs excellent moisture control, may suffer bulk fracture and
polymerization shrinkage which can lead to marginal micro-leakage as well as staining, offers
limited control over occlusal and interproximal contours and demands satisfactory dental

skills. (3,35)
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The indirect resin restorations allow a better control of occlusal contour — especially in the
case of multiple restorations —, they suffer less polymerization shrinkage than in direct
techniques and have more abrasion resistance and hardness. (3) But they have the
disadvantages to possibly present undercuts and can be oversized resulting in possible wear.
At least two appointments are required, but on the other hand, chairside time is decreased.
(3,37) The adhesion to dental tissues is acceptable but is lesser than ceramics. (38) It used to
have a worse marginal fit compared to other materials used in indirect restorations but
nowadays, new technologies as CAD/CAM techniques or even modern handmade have
improved this feature. (3,39) The CAD/CAM resin composites have also upgraded the wear
characteristics: Lawson et al reported that they caused less wear than infiltrated ceramic and
glass ceramic and suffered less wear than enamel. (40) There are much less studies regarding
the indirect techniques used in restorations so statements about the outcome and the survival

cannot be given with certainty. (37)

b. Ceramic restorations

In general, ceramic restorations have a good resistance to wear, high marginal fit and
aesthetics. But they can also be hard to reline and correct. (37) Also, because of brittleness,
they can suffer fracture and chipping, notably in thin areas, but nowadays, this feature
specifically applies to layered aesthetic restorations as monolithic ceramics have overcome
this issue. (41) Daibs et al suggested ceramics were the best option for patients exposed to

erosive factors, especially in eating disorders with recurrent episodes. (42)

There are several choices for ceramic restorations.

43



Lithium Disilicate (LDS) gives excellent aesthetic given by its translucency and high flexural
strength. Thanks to its good mechanical properties, it is often the material indicated in fixed
partial dentures extending to three elements. (41) It can be pressed or milled, layered with
feldspathic porcelain or monolithic and be used in crowns, inlays, onlays as well as in veneers
which seem to give good outcomes. (43) It has a bit more strength than enamel but indeed, it
seems to offer a good option when used as palatal veneers in anterior teeth affected by wear.
(12) Etman obtained results suggesting IPS e.max Press crowns — so LDS — had the best
behaviour in a follow-up of three years in a study of materials used in wear management. (44)
Thanks to its good strength of adhesion to substrate, it usually is the first choice in partial

coverage restorations. (45)

Zirconia is a very good material to choose for occlusal surface restoration even if its toughness
is high and the high-strength zirconia ceramic has been introduced in dentistry lately,
possessing high dimensional stability and binding strength which made its use more frequent.
Compared to the felspathic porcelain, it has more frictional resistance. Due to its high surface
hardness, it was expected to cause excessive dental wear, however, it was less abrasive than
feldspathic porcelain: Rosentritt et al haven’t even found wear over enamel structure in their
in vitro study. (6) As systematic review conducted by Guo et al has even revealed that well-
polished monolithic zirconia was less abrasive to natural dentition than PFM restorations in
vivo. (46) Nonetheless, it should not be used as monolithic crowns in the anterior sector
because its aesthetics is not considered enough in this area, nor in palatal surfaces of anterior
teeth because of its poor adhesive properties. (12) Because of that, its use is generally

oriented to full coverage crowns and not to partial restorations. It still is considered as giving
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good aesthetic, especially compared to PFM restorations, for less removal of healthy

structure. (47)

c. Metal restorations

Etman studied materials for wear treatment and declared metal crowns were the ones
causing the least TSL compared to feldspathic porcelain, PFM and glass-ceramic. (44) But they
are not often chosen, especially in aesthetic areas, because of their colour. They tend to be

used on palatal surfaces of anterior teeth in wear management. (47)

d. PFM restorations

They have good strength and acceptable aesthetic. (47) PFM restorations in the
anterior were considered, adding metal in palatal surfaces to allow a lesser reduction of
healthy dental structure during the preparation and have a material that is resistant and not
causing wear in occlusion. However, in those areas, their aesthetic is considered too low. (12)
Moreover, the porcelain material used is often feldspathic which is highly abrasive for the
antagonist dentition and the preparation for the whole structure is very invasive, especially

compared to the new all-ceramic restorations introduced in the market.

Gold and ceramic have shown similar resistance in laboratory trials, being three to four times
less susceptible to wear than composite resin. From there, the usual choice for high load
conditions is metal or metal-ceramic restorations but if the case is extreme, it seems there is

no material capable of withstanding such forces in the long-term. (13)
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Hamburger et al affirmed after having studied multiple ceramics, direct and indirect
composite resins in severe wear that the choice of materials and techniques —direct or indirect
— might be have to be based on the brands themselves because of the differences of
manufacturing. (48) It should be kept in mind when it comes to the election of the appropriate

material facing wear as a supplementary criteria.

3. Restorative materials requirements

The restorations’ outcome rests on the physical properties of the chosen material and
its location. Composite, acrylic and type Il gold have the advantage of not causing wear to the
antagonist teeth in opposition to the other materials: so in case of restorations on both
opposing teeth, analogue materials should be used. (13) Ideally, to reduce as much as possible
the abrasive properties of the different materials, it would be necessary to adequately polish

the restoration, especially in areas that have been adjusted. (12)

The conventional metal-ceramic restorations require the biggest space, with up to 2mm in the
occlusal surface. (13) The all-ceramic ones need less reduction, with the same amount for full-
contour zirconia crowns and full metal crowns. (13) The adhesive metal onlays necessitate at
least 1mm of occlusal diminution and adhesive metal palatal veneers require less, as they
need a minimum of 0,7mm reduction according to the manufacturer and the implicated load.
(13) As for direct resin composite, Poyser et al mentioned that a minimum thickness of 1.5-

2mm placed in functional loading surfaces increased the restoration survival. (3)
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The space can be acquired through different techniques among others:

=  Occlusal reduction of the treated teeth: it should be done with care, especially in few

remaining dental structures.

= Reduction of opposing teeth: done in the case those teeth are sound and the treated

teeth shouldn’t be reduced more.
= Orthodontics: appliances might be necessary when tooth and little axial movements are
needed to offer localized prosthetic space. It is a controlled and predictable technique.

= Crown lengthening surgery: it helps increasing retention and resistance of the treated

tooth, even if it does not technically create space.

= Increasing the OVD: it requires an adaptation of the occlusal scheme with reconstruction

of one or both dental arches. It is very complex, time-taking and not the preferred option.

(13)

4. According to wear Extension and Severity

a. Localized Tooth Wear

The studies for tooth wear management are mainly revolving around the localized
form with big discrepancies when comparing the outcomes and the survivals of the

restorations. (13)

The usual approach is oriented towards ceramic restorations which have shown good results

in worn dentition, but nowadays the adhesive techniques with composite resin restorations
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are starting to emerge, thanks to the advances regarding the physical properties of resin. It is
reported that the annual failure of direct composite resin restorations goes from 0.7 to 26.3%.

(13)

Studies were made to compare different options to deal with localized tooth wear. Gulamali
et al came to the conclusion that composite resin restorations were a good option for the
management of dental wear in the medium-term as they were the least destructive option for
the remaining dental tissue and when failure is observed, the restorations could be repeated.
(13) Gow and Hemmings compared direct and indirect composite resin restorations in
predominantly erosive tooth wear patients and concluded indirect restorations did not
present advantages over direct composite. (13) In 2020, a systematic review realized by Vajani
et al revealed that direct hybrid composite resin could be considered as an applicable solution
for worn teeth in the short to medium-term. (49) Mehta and Banerji have found evidence
backing its use as medium-term solution for anterior aesthetic region. (37) Yanishen et a/
studied the wear of different materials and added that leucite was also a good option for the
anterior region, providing good wear resistance. (50) So it seems that with the studies made
on the different options, composite resins seem to offer acceptable results in localized wear,

whether it is under direct or indirect form.

b. Generalized Tooth Wear

The old approach implied full mouth rehabilitation with cast indirect restorations with
no proof of its efficiency and it could only be done when having fulfilled additional

postgraduate training. Nowadays, direct composite resins seem to offer good clinical results,

48



when also being a less invasive option. The direct hybrid ones have shown acceptable results

in posterior restorations too. (13)

In general, studies have been scarce about how to deal with the generalized form of wear,

especially when comparing direct and indirect restorations.

Hamburger et al have studied direct composite resin as an option for severe dental wear due
to erosion, bruxism or a combination of both and have concluded the direct hybrid composites
were a good option for cases of severe tooth wear. (13) Roque et al have however performed
a study about the exposure of composite resin to erosive agents such as hydrochloric acid,
which has revealed that the surface roughness was affected when being repeatedly exposed.
So they recommended that in patients with GERD among others, the composite restorations
should be made of the smallest particles — nanohybrid ones — as they were the most resistant
to those erosive factors. (51) Composite resins are the second option after ceramics for Daibs
et al when facing acid exposure but there should always be previous measures taken to
remove the erosive factors for any chosen materials for optimal results and durability of the
restoration. (42) Milosevic and Burnside advanced that direct hybrid composite resin
restorations were a predictable option in the management of generalized dental wear with
low failure rates. (13) Vailati studied indirect palatal composite restorations and labial
porcelain veneers in severely eroded teeth but only made conclusions upon observations on
anterior teeth without taking into account the restored posterior ones; she found good clinical
results for ceramic in erosive wear but due to the non-easy repair of the material in case of
failure, especially in case of parafunction, it should be used with care. (13) One study focused

on the comparison of composite resin, metal-ceramic and gold restorations in severe
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generalized wear and showed 74.5% of cumulative survival estimates for indirect restorations
versus 62% for direct restorations but there is not enough statistical significance; there were
less failures for full gold crowns compared to the metal-ceramic ones, mostly due to biological

complications. More fractures were observed in composite restorations. (13)

Indirect restorations, especially in ceramic, seem to offer a more stable occlusion in extended
wear, notably when there’s a change of OVD involved. Edelhoff et al performed an 11-year
prospective clinical study that revealed that monolithic LDS occlusal onlays could be
considered as a decent treatment option in severe generalized wear but there are not enough

data to validate their long-term efficacy and survival. (52)

The data obtained on the generalized dental wear are very limited, especially due to
the fact that parafunctional disorders were not taken into account in most of the studies
whereas they highly influence the prognosis of the restoration. They mainly were carried out
on short periods of time and there were divergences in the findings. So the good results found
on composite resins are to be considered carefully and more clinical researches should be

performed to have clearer results.

c. Severely worn teeth

They could be restored with conventional and adhesive techniques after having
realized the proper restorability assessment, but some parameters should be evaluated more

carefully in these cases:
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= Remaining enamel & dentine: when presence of enamel, especially in the erosive

pattern with the enamel ring, the tendency will be the use of adhesive techniques,
even though the techniques of dentine adhesion are improving. (13)

=  Remaining clinical crown height: conventional restorations will need sufficient dental

structure for resistance and retention, depending on the amount of coronal dentine.
This parameter is less imperative in the case of adhesive restorations. They generally
need 50% of the initial tooth structure otherwise the success might be compromised.
(13)

= Pulp state: the more a tooth loses structure, the more the exposition of dentinal
tubules, increasing the susceptibility to be affected by bacteria. And the preparation
required for conventional restorations can create physical and thermal stimuli possibly

initiating pulp pathologies. (13)

Researches have shown there were no statistically significant difference regarding the
survivals of composite resin when placed directly and indirectly in old patients with advanced
dental wear, with a lower durability for the direct ones. Composite resin could be a good
alternative as in case of failure, the repair is not as critical as it is for crowns, often involving
endodontic treatments or extractions. (53) Hamburger et al said it offered the best

performance to restore severely worn teeth in the direct technique. (48)

But for now, crowns are still the most common treatment option for severely worn teeth and
give adequate results. Studies about indirect ceramic and composite restorations are still not

being conclusive enough about their efficiency in severe wear and need further research. (3)
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If the outcome of the treatment relies on the choice of the proper restoration and
material, it also depends on the identification of the patient’s worries regarding his/her teeth,
whether they are sensitivity or aesthetic concerns. It needs to be discussed so the patient
understands the importance of being treated, it helps getting him/her more involved so that

the treatment and the new measures adopted are followed. (2)

Most patients have a preference for more conservative options involving resin composite
restorations against the ones in porcelain, considered as a more destructive option. They see

resin composite as being conservative, predictable and aesthetic enough. (2)
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CONCLUSIONS

1. Dental Wear is characterized by a loss of tooth surface non associated to caries, with a
pattern specific to each type — attrition, erosion, abrasion -, associated to dentine
hypersensitivity, impaired function and change of OVD in the most severe cases.

2. Each type of wear has its own aetiologies: attrition is primarily due to parafunctions as
bruxism, erosion comes from acid exposure — intrinsically or extrinsically —, abrasion from
the use of abrasive toothpastes and bad habits involving holding objects between teeth,
all of this influenced by modifying factors.

3. To diagnose wear, patient’s anamnesis and exploration are needed, combined to
gualitative methods involving indexes, the BEWE being the easiest to use and the TWES
being very promising for the future, and additional quantitative methods where the 10S
seems to offer good results for daily application in the dental office. To this day, no
measure technique has been elected as gold standard.

4. The minimally invasive methods should be used for the management of wear, as
prevention through monitoring and advice, followed by restorative treatments when
symptoms have appeared and at the patient’s will. Composite resin and ceramic
restorations offer good results according to the severity, location and etiology of the wear,
the first one beginning to be used more thanks to the advances in its manufacturing and
adhesion techniques. However, further studies are needed to assess the efficacy of each

management option as none has been universally accepted as the ideal solution.
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This work has a purpose that is in line with economic sustainability with its will to make dental
professionals more informed about a problem that is very common in the dental office and
often ends up being treated when too advanced. All the different measurement methods
reviewed and ways to diagnose dental wear early participate in a precocious management of
the condition, allowing not only to save dental structures and avoid further damage but also

to be cost-effective, with much simpler and cheaper measures than if identified too late.
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GLOSSARY

ACE: Anterior Clinical Erosive Classification

BEWE: Basic Erosive Wear Examination

CAD/CAM: Computer-Aided Design / Computer-Aided Manufacturing
EVA: Ethylene-Vinyl Acetate

GORD: Gastro-Oesophageal Reflux Disorder

10S: Intraoral Scanner

LDS: Lithium Disilicate

OCT: Optical Coherence Tomography

OVD: Occlusal Vertical Dimension

PFM: Porcelain-Fused-to-Metal

PPMA: Polymethylmethacrylate

QLF: Quantitative Light-Induced Fluorescence

RVD: Resting Vertical Dimension

SSRIs: Selective 5-hydroxytryptamine Reuptake Inhibitors
TSL: Tooth Surface Loss

TWES: Tooth Wear Evaluation System

TWI: Tooth Wear Index

USPHS: United States Public Health Service
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ANNEXES

RestorativeDentistry

Ken Hemmings

Angharad Truman, Sachin Shah and Ravi Chauhan

Tooth Wear Guidelines for the
BSRD Part 1: Aetiology, Diagnosis
and Prevention

Dent Update 2018; 45: 3-10

Tooth wear (TW) is a common condition
affecting patients who often require advice
and treatment from dentists. Physiological
TW is normal and accepted by most
patients. Pathological TW, by virtue of
symptoms or rapid wear, will prompt the
need for dental care. It can range from
mild sensitivity from an abrasion lesion to
gross destruction of the dentition. Similarly,
treatment can range from simple operative
care to full mouth reconstruction with
crowns or complex dentures. Too little or
too much treatment can lead to tooth loss
and patient complaints.

These guidelines are designed
to help dentists manage tooth wear. &

Ken Hemmings, BD'S, M5c, DRD RCS, MAD
RCS, FD'S RCS, ILTM, FHEA, Consultant in
Restorative Denfistry, Eastman Dental Hospital
and Institute, WCLH Trust and private practice,
Angharad Truman, BDS(Hons), MFDS RCPSE,
PGCME, FHEA, Specialty Registrar in Restorative
Dentistry, Bristol Dental Hospital, Sachin Shah,
BDS, MFDS RCS, MClin Dent(Pros), MRD ACS,
Specialist Prosthodonitist in private practices
Clinical Teaching Fellow, Eastman Dental
Hospital and Institute, 255 Gray's Inn Road,
London, WC1X 8LD and Ravi Chauhan, MODr,
MSc, MUDF RCS(Eng), MFDS RCS(Edin), Specialty
Registrar in Restorative Dentistry, King's College
Dental Hospital, London, UK

July/August 2018

selected literature review covers three

sections:

1. Aetiology, diagnosis and prevention of

tooth wear:

2. Fixed management of tooth wear;

3. Removable management of tooth wear.
Each section is concluded with

a summary of key points which can act

as a quick reference checklist for the busy

practitioner. It is hoped that effective

treatment or advice given at the right

time can reduce the amount of long-term

maintenance care required in the futura.

However, it is acknowledged that some

savere bruxist patients will always require

regular repairs or replacemeant restorations.
Guidelines bacome out of date

immediately they are published. The society

will review and update these guidelines on

a 3-yearly basis. The work that the authors

have put in to draft these guidelinesis

aratefully received. The British Society of

Restorative Dentistry (BSRD) Coundl and

mambers of the society are also thanked for

their comments in improving the document.

Effective treatment does exist and it is most
gratifying to make a dramatic difference to

patiants with tooth wear when guidanca is
provided.

Definition

Tooth wear, or as it is also often
refarred to as non-carious tooth surface
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loss (T5L), can be described simply as ‘the
pathological non-carious loss of tooth
tissua’’

The distinction between
pathological and physiclogical TW can
be difficult to determine. Wearing of the
teeth is a normal physiological process. The
astimated normal vertical loss of enamal
from physiological wear is thought to be
approximately 20-38 pm per annum.? It is
important to remember that just because a
tooth has some element of wear this does
nof always necassitate treatment. Tooth
wear may be regarded as pathological if tha
rate of wear is greater than that expected
for the patient's age, the patient has
concarns over the wear or the prognosis of
the tooth is compromisad due to the wear.

Tooth wear is often multifactorial
in nature and can be difficult to distinguish
between, but it is often subdivided into:
B Attrition;
B Erosion;
®  Abrasion; and
m  Abfraction (abfraction is often
described but, as yet, is not universally
accepted as a true form of tooth wear).

Attrition

‘The loss of tooth substance or
a restoration as a result of mastication or
contact between occluding surfaces of
approximal surfacas!

DentalUpdate
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The prevalence and severity of tooth wear is increasing in industrialised nations, Yet, there is no high-level evidence to support or
refute any therapeutic intervention. In the absence of such evidence, many currently prevailing management strategies lor tooth
wear may be failing in their duty of care to first and foremost improve the oral health of patients with this disease. This paper
promates hiologically sound approaches to the management of tooth wear on the basis of current best evidence of the aetiology
and clinical features of this disease, The relative risks and benefits of the varying approaches o managing tooth wear are discussed
with reference to long-term follow-up studies. Using reference to ethical standards such as *The Daughter Test™, this paper presents
case reports of patients with moderate-to-severe levels of tooth wear managed in line with these biologically sound principles.

1. Introduction

Tooth wear (TW), also known as tooth surface loss (TSL), is
an insidious and cumulative multifactorial process involving
destruction of enamel and dentine which can threaten
tooth survival and the oral health related quality of life of
affected individuals [1, 2]. Despite the overall trends towards
improved oral health and reduced dental caries incidence
over the last decades, epidemiological evidence supports the
contention that TW is increasing in severity and prevalence,
not only amongst older people who are living longer and
retaining more teeth, but also amongst those in the early
decades of their adult life [3, 4].

Greater understanding of the pathophysiology of TW
has driven advances in dental materials and techniques
for the benefit of affected patients. These advances have
led to biologically based prosthodontic strategies that chal-
lenge many traditional or currently prevailing concepts of
TW management. This is especially the case when one
considers the ethical health care maxim: “Firstly, do no
harm™ (Primum est non nocere]. Adopting biologically
sensible TW management strategies will ensure that as much
good as possible is achieved for the patient (beneficence)
whilst avoiding harm (nonmaleficience) and upholding the
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patients’ rights to have the reasonable treatment undertaken
that most closely matches their wishes and expectations
(autenomy). Traditional concepts must now be reassessed in
order to achieve a radical paradigm shift in the philosophies
behind TW management.

This paper will therefore, review the fundamental princi-
ples that should be considered when deciding how to manage
patients with TW. The current state of knowledge of the aeti-
ology and differential diagnoses of TW will be discussed, fol-
lowed by an analysis of patient wishes and expectations when
seeking sensible solutions for their TW problems, The rela-
tive risks and benefits of the possible management options
will then be weighed up with reference o current available
evidence. Possible solutions which aim to put patients’ long-
term interests first will be outlined with reference to ethically
sound healthcare principles and using some case examples.

2. Aetiology and Differential Diagnoses of
Tooth Wear (TW)

There are three main, or widely recognized, aetiologies of
TW, namely, erosion, attrition, and abrasion [5]. There is a
fourth actiological factor which has been recognized by some
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Abstract

Mon-Carious Tooth Surface Loss (NCTSL} is considered 25 a current issue of concern, [t's management is challenging. Through this paper, the focus will be put an
the different forme, Jecations and causes. Emphasis is placed on the importance of a thereagh examination and indexing to assess the severiny of tooth wear,

A systematic and integrated approach leads ro fvorable and predicrable progrosis. We aim te provide clear recommendations on the best treatment strategy and
simplified muidelines to succesd tooth wear management? considering the patient’s expectations, the esthetic demand as well as the risk profile.

The patient should be fully informsed. Restoration of severe tooth wiear should sdeally be delaved as long 35 possible.
The dafferent treatment modalities will be discussed secording o the lecalization and the severity of tooth weas.

The conservative, minimally invasive restoration, should first be considered,

Introduction In 2013, Bartlett et al. proved that 29% of the European adults aged

. 1&-35 vears old presented NOCTSL [5].
Mon-Carious Tooth Surface Loss (NCTSL) also termed Tooth Wear !

{TW) is a current issue of concern to dental practitioners regarding As for the children and adolescents, authors have also noticed that
the diagnosis, identification of the etiological factors, prevention, and they do not exhibit severe attrition [shi], but there are indications of
exccution of an adequate treatment [1,2]. wear, mainly because of dental erosien [10,11].

[t is & physiological process that occurs as part of the aging process  Classification
[1.3], causing an enamel loss of between 28-30 pm per annum as proved
by Van't Spifker et al., in 2009 [4]. MAccording to Grippo classification established in 1991, four types

of surface loss have been identified and distingnished by the different

Whereas, in 2013, Bartlett et al confirmed that practitioners are causes [12).

often faced with patients suffering from Tooth Substance Loss (TSL).
When it compromises tooth survival or when it is disproportionate to 1) Attrition

the presenting age, it is therefore, referved as 1o being pathological [3].
P g age. | cretore, relerred s to belng p gical [5] Auntrition is defined as the wearing away of tooth substance {or

Indeed, various forms of TW that commonly ocour are linked to: restoration) due to tooth to tooth contact [9]
diet, bruxism, parafunctional activity and so on, This leads to the loss

of hard tissues [6,7] because of the combination of mechanical and It can be mostly remarkable in patients with a vegetarian diet. It is
chemical processes. generally associated with parafunctional activity, [3].
T5L forms do not include trauma, or bacteria [2] or developmental The wear from attrition may be localized on the occlusal surfaces

disorders [8]; they are currently considered challenging when it comes of posterior teeth, the palatal surfaces of maxillary anterior teeth, the
to their management, (Figure 1)

Tooth Wear prevalence
{’:un'upmdm (18 H:H'J:ﬂ-l:ﬂ.l.i [3, Department of Fized Prosthodaentics, |":l.n:|.l.|t:f
‘The precise prevalence of TSL is hard to establish due to differences of dental medicine, Monastir, Tunisia, E-mail : dalendarescarch@gamil com
in assessment criteria complicated by coexisting factors [7].

Axouzi |, DM, Department of Fixed Prosthodontics, faculty of dental medicine,
As expected, all studies showed an increase in prevalence that goes Monastir, Tunisia, E-mail ; inesazouzil @gamil.com
with age [%,6]. Key words: Abrasion, Attrition, Abfraction erosion, Tooth wear, Prevention,

Hestormtive tremtneemt

WVan't Spijker et al. 2009 showed an increase in the prevalence of

severe tooth wear in the adult population from 3% (at 20 years of age) Received: December 20, 2017; Accepted: January 26, 2018; Published: January
to 17% (at 70 years of age [4]. 29, HHE
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Clinical

Tooth wear: causes,
diagnosis and prevention

A combination of patients keeping their teeth longer due to more preventative approaches and advances
in materials and techniques has led to an increase in incidence of tooth wear. This article describes
the incidence, causal agents, lifestyle factors and how tooth wear can be identified and prevented

ooth wear is a general term

that describes the loss of

hard tissues from the surface

of teeth caused by factors
other than dental caries, trauma or
developmental  disorders (Mehta et
al, 2012). It is a normal physiological
process that is incremental with age and
is macroscopically irreversible. Normal
vertical loss of enamel from physiological
wear is approximately 0.02-0.04mm a
year (Lambrechts et al, 1989).

Tooth
excessive when it causes functional
or aesthetic concerns to the patient,
is disproportionate for their age or
causes symptoms of discomfort. If the
degree of tooth wear is so severe that it

wear is considered

causes recurrent symptoms or presents a
considerable restorative challenge then it
is deemed ‘pathological’ tooth surface loss.

Incidence

The percentage of adults presenting with
severe tooth wear generally increases
from approximately 3% in young people
in their early 20s, to 17% in those over

Graham Cope, honorary senior
research fellow, Department of
Medicine and Dentistry, University
of Birmingham; and Anwen

Cope, researcher and part-time
GDP, School of Medicine, Cardiff
University

Email: grahamcope@btconnect.com
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Figure 1. Carbonated soft drinks are a
major factor in tooth wear in children
and young adults

the age of 70 (Van't Spijker et al, 2009).
However, of particular concern is the
alarming rate of tooth wear that is now
been seen in children and young adults.
This problem was first noted in the
Children’s Dental Health survey of
1993, when children under the age of 5,
especially those consuming carbonated
drinks, showed signs of abnormal
erosion, It also reported that almost half
of the 5- and 6-year-olds demonstrated
signs of erosion affecting the primary
dentition, with almost 25% showing signs
of dentinal or pulpal tissue involvement,
while 25% of 1l-year-olds and 32%
of 14-year displayed signs of erosion
affecting the palatal surfaces of their
maxillary incisor teeth (O'Brien, 1994).

Causal agents

Erosive tooth wear is caused by acidic
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substances from either the stomach
or from an external (usually dietary)
source. The increasing consumption of
soft drinks in the UK is believed to be a
significant factor in the rising levels of
child and adolescent tooth wear (Mchta
et al, 2012) (see Figure 1), Sales of these
beverages multiplied seven fold between
the 1950s and 1990s (Shaw and Smith,
1994), with adolescents and children
accounting for 65% of all purchases, with
a reported per capita intake of 15 litres
per person (see Table I).

The ingredients of these drinks
responsible for erosive activity are acids,
such as citric, malic and phosphoric
acids. However, the damaging nature of
these drinks is not wholly down to the
pH, the buffering capacity (resistance
to pH change) of the substance extends
its erosive qualities, while the calcium
chelating or binding capacity prevents
the neutralisation of the acidic substance
by saliva (Zero and Lussi, 2005).

Another which may be
responsible for some of the increased
rates of erosive tooth wear is voluntary
regurgitation, which is frequently seen
among patients with eating disorders
such as bulimia nervosa.

factor

Clinical history

The initial management of any case
of tooth wear (Figure 2) is based on
deriving an accurate diagnosis, the
identification
factors, the prevention of further damage
and monitoring change throughout the

of possible causative

Dental Nursing July 2012 Vol 8 No 7
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Abstract: Wear in dentistry affects both the nawral footh structure as well as reconstructive matevials that
replace them. For perfect understanding of the properties and the corvect indication of dental matevials i is
necessary fo undersiand their wear wechanizm. Wear of havd dental tissues and dental reconstructions can be
measured movive or in viteo, I developing of new marerials their investigation using different devices s
especially important, It's the fivse system to distingnish inappropriate material that could in extreme cases
threaten the patients. [t is also an ortentation aid for the dentist with respect to be able to compare materials
wivhout distorting by the patienr individualivy. In doing so, it should be kept in mind vhar it is impossible swicely
tise only laboratory or ofinical tfests, but 0t v always necessary fo combine them. fn the paper the authors
deseript the measuring methods of hard dental tissues and dental reconstructions wear,

Keywords: filling marevials wear, nanoindentation, scrarch test, microscopy, wear indices

I. Introduction

One of the physiological properties of hard dental tissues is their natural wear throughout the life.
Besides physiological wear, there is also aware a pathological wear that also affects the surface of filling
materials substituting the enamel and dentin. The mechanism of tooth wear lies in the interplay of various
factors such as the mechanical load due to compression, flexion and tension, friction and chemical influences.
Rarely these factors operate separately, so the term multifactorial nature of hard denal tissees wear is mostly
used, A similar effect these factors have on restorative materials. For the correct choice of dental restorative
material it 15 important to understand perfectly their chemical and mechanical properties, as well as take into
account their wear during cxposure to the effects described above, For example, an incorrect choice of too hard
miaterials can result inowear of antagonists due to attrition. The use as a substitution for hard dental tissue of the
material that is not quite resistant against the acidic environment of the oral cavity, oceurring in patients with
frequent vomiting, reflux, or after consumption of large amount of acidic foodstuffs and drinks, could eventually
lead to the failure of reconstructive therapy and the necd for making of new restorations, Wear of the tooth
surface and reconstructive materials can be measured inin vive and in vitre conditions,

1. Measuring in Vivo
2.1. Measuring of Tooth Wear- Wear Indices
For the determination of hard dental tissues wear degree different indices are used. The most
commonly used index is a tooth wear one according to Smith and Knight (1) (Table 1) distinguishing the wear
of incision edge, occlusal surfaces as well as the cervical area of the teeth.

Table 1 Tooth Wear Index (TWI) according to Smith and Knight (1)

Seore | Tweoth surface Criteria
L1 Labial'oral/occlusalincisal Without signs of enamel loss
Cervical Without signs of crown contours loss
1 Labaalioral/veclusal ineisal Laws of enamel surface reliel
Cervical Minimal ks of crown conlours
2 Labialioral 'ocelusal Laoss of enamel; dentin baring less than 13 of surface
Incisal Lass of enamel with minimal baring of dentin
Cervical The depth of defect is less than 1 mm
3 Labial'aral oeclusal Lass of enamel; dentin baring more than 1/3 of surface
Incisal Significont loss of enamel and dentin
Cervigal The depth of defect is -2 mm
4 Labaalioral/veclusalineisal Extensive logs of enamel and dentin with baring of dental pulp
Cervical Thee depth of defect i3 more than 2 mm; banng of dental pulp

DO 10.9790/0853-15061 16368
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ABSTRACT

Tooth wear 15 & general term descrbing the loss of dental hard issues from the surfaces of the teeth,

As the lifespan of individuals increase and the teeth are increasingly retained for life the incidence
of non-carious tooth surface loss has also shown a rise. Little is understood about the aetiology and
management of these lesions and there are several occasions where the condition is often neglected,
The prevalence of tooth surface loss is difficult to establish and the reported clinical and epidemiological
data are difficult to compare, due to differences in terminologies and many indices involved. The purpose
of current review is to focus on the classification, aetiology and management of common non-carious

conditions causing looth surface loss.

Keywords: Tooth surface loss, tooth wear, parafunction

INTRODUCTION

Tooth wear is a general term describing the loss of dental
hard tissues from the surfaces of the teeth caused by factors
other than dental caries, trauma, and developmental
disorders.' Attrition, erosion, and abrasion usually
cause alterations of the tooth surface and manifest as tooth
wear. These processes act by distinct progressions and
exhibit unique clinical characteristics [Figure 1].

Prevalence of tooth surface loss is increasing and younger
patients are said to be at higher risks. The particular
concern is the alarming rate of tooth wear that is now been
seen in children and young adults. This was first noted
in the Dental Health Survey of children in 1993, when
children under the age of 5, especially those consuming
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carbonated drinks, showed signs of abnormal erosion.”!
The problem is likely to continue as patients” demands
and expectations rise and healthy natural teeth are
retained during the old age, For many years, erosion was a
condition which invited little interest in clinical dentistry,
community health services, and in dental research."!

Physiological wear causing vertical loss of enamel in
a normal individual is approximately 0.02-0.04 mm a
year®l and wear is considered excessive when it causes
esthetic concerns to the patient and causes symptoms
of discomfort. Once the amount of tooth wear becomes
so severe that recurrent symptloms are caused, then it is
deemed ‘pathological’ tooth surface loss and becomes
a challenge tor a restorative dentist. The challenges
faced during the clinical management of patients with
tooth wear has raised considerable professional interest
as its impact could be severe and may also affect an
individual's quality of life.

EPIDEMIOLOGY

The proportion of adults with severe tooth wear
generally rises from approximately 3% in young people
in their early 20s and to 17% in those over the age

Journal of Restorative Dentistry Vol - 3/ lssue - 2/ May-Aug 2015 » 37
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Abstract Tooth wear—atirition, erosion and abrasion—is
perceived internationally as an ever-increasing problem.
Clinical and epidemiclogical studies, however, are difficult
to interpret and compare due to differences in terminology
and the large number of indices that have been developed
for diagnosing, grading and monitoring dental hard tissue
loss, These indices have been designed to identify increas-
ing severity and are usually numerical, Some record lesions
on an actiological basis (e.g. erosion indices), others record
lesions irrespective of aetiology (tooth wear indices) none
have universal acceptance, complicating the evaluation
of the true increase in prevalence reported. This article
considers the deal reguirements for an erosion index, It
reviews the literature (o consider how current indices have
evolved and discusses if these indices meet the clinical and
research needs of the dental profession.

Keywords Tooth wear - Tooth wear indices

Introduction

There is both a clinical and a scientific need w be able
measure tooth wear, and the literature abounds with many
methods which can be broadly divided into quantitative and
qualitative in nature. Quantitative methods tend to rely on
objective physical measurements, such as depth of groove,
area of facet or height of crown, Qualitative methods,
which rely on clinical descriptions, can be more subjective
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if appropriate training and calibration are not carried out but
which, with correct safeguards, can be valuable epidemio-
logical tools. In a clinical intra-oral examination, there will
be an inclination towards descriptive assessment measures,
such as muld, moderate or severe, rather than gquantitative
measurement, which is easier to perform reliably on a
model or in the laboratory, Such methods tend o be more
sensitive but do not lend themselves readily to clinical
use—especially in epidemiology, where fieldwork data
collection is often carred out in an environment lacking
sophisticated equipment.

Cuantitative and qualitative methods typically utilise
grading or sconng syvstems designed to wdentify imcreasing
severity or progression of a condition; these are described
as mdices and are usually numerncal. An wdeal imdex should
be simple to understand and use, clear in its scoring criteria
and be demonsteably reproducible. Its application should be
useful for research into the aeticlogy, prevention and
monitoring of a condition, essentially being an epidemio-
logical and clinical tool,

Review of the literature reveals the fact that many
different 1ooth wear indices have been developed for
clinical and laboratory use all over the world. Unfortunately,
the production of so many indices does not allow for ready
comparison of results between different working groups, and
this is especially important in epidemiology when trying
tor define the prevalence of a condition. Confusion is further
generated in the literature as the majority of researchers, in
their attempts (o quantify the amount of tooth tissue loss
due 1o tooth wear, have historically concentrated on ong
aetinlogy only, and these indices tend to be surface limited.
(Mien, the wear patterns described do not appear to reflect the
aetiology suggested, and this relates to lack of uniformity
with tooth wear terminology and translation errors. Many
diagnostic indices do not properly reflect the morphological
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ToothWear

Victor Ka Cheong Yim

Tooth Wear: Screening, Diagnosis
and Management in General
Dental Practice

Abstract: : Recent epidemiological data shows that the prevalence of tooth wear (TW) is increasing. Current available assessment tools

are either too complicated to carry out on every patient or inadequate in identifying the nature of the condition. Moreover, early onset or
localized lesions may be overlooked, This article describes a screening tool which may overcome these problems, This toal involves using
the existing Basic Erasive Wear Examination scoring system and a proposed age-related grid. This will lead to an associated pathway, which
indicates the recommended level of further investigations and management.
CPD/Clinical Relevance: Early identification and prevention of pathological tooth wear in the primary care setting is the key to slowing

down the disease progression.
Dent Update 2017; 44: 502-517

Tooth wear (TW) or Tooth Surface Loss
(TSL) is used to describe the progressive
loss of dental hard tissue by chemical and
meachanical actions other than those caused
by caries or trauma, It is a multifactorial
process comprised of erosion, attrition,
abrasion and abfraction.’

In England, Wales and Morthern
Ireland, improved dental health awareness
and dental services in the last 30 years
have reduced edentulous adults from 28%
in 1978 to 6% in 2009, Compared with
30 years ago, the percentage of adults
aged 45-50 who have over 20 natural
teeth increased nearly two-fold (Figure
117 Because natural teath now survive for
longer, the impact of TW is critical to the
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Dentallpdat:

ageing population. The overall prevalence
of tooth wear has increased since 19948.°
The increase of anterior TW in the younger
group, aged 16 to 24, was significantly
higher than the alder groups.? Fortunately,
the prevalence of TW-related dentine and
pulp exposure for children aged 12 to 15
remains at a low level.* This supports the
fact that TW is not aggressive, but rather

a slow process. Therefore it requires long-

term preventive and monitoring strategies.

The earlier the disease or potential risk

is identified, the more likely a well-
designed management regimen would be
successful,

The aim of this article is
therefore to describe a screening tool,
which involves using the current Basic
Erosive Wear Examination (BEWE)® and
a proposed age-related Red-Amber-
Green (RAG) grid. This tool aims at
effectively identifying the pathological or
physiclogical nature of TW. According to
the nature, one of the three management
pathways can then be followed. The
recommended additional investigations
would inform a sound individualized

dynamic diagnosis, A fit for purpose
preventive, monitoring and restorative plan
can then be formulated.

Initial assessment — screening

During routine dental
examinaticns, patient's complaints (Table
1) and histories (Figure 2) may already
highlight the condition of TW.

Indices have been used in
the past to assess the severity of tooth
wear, Table 25% summarizes the four most
popular ones used in previous research.'®
Clinically, it is impractical for busy general
dental practitioners (GDPs) to carry out
full TW charting for every patient as a
part of their examination. Therefore, the
simple and guick BEWE (Table 3) is ideal
for screening purposes, In addition, the
associated management guideline (Takle 4)
also provides clear guidance according to
different cumulative scores.™ Although the
BEWE was originally developed to examine
and record the severity of erasive wearing
lesions, it was validated to assess all types of
TW." Monetheless, the BEWE management

Jume 2017
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PREVENTION AND MANAGEMENT OF TOOTH
WEAR: THE ROLE OF DENTAL TECHNOLOGY

JAMES |J GREEN
Prim Dent ). 2016;5(3):30-33

ABSTRACT

Tooth wear is a multifaciorial condition and the term is used to describe all types
of non-carious footh substance loss: abrasion (produced by interaction between
the teeth and other substances), affrition {produced during tooth-fofooth contact),
erosion produced by a chemical process) and abfraction (produced through
abnormal occlusal loading that predisposes tooth substance to mechanical

and chemical wear). Dental technology has an important role in preventing,
managing and monitoring tooth wear in a variety of ways. Hard poly(methyl
methacrylate) or soft ethylene-vinyl acetate splints can be prescribed fo alleviate
bruxism, the most common cause of aftrition. Thermoformed appliances can be
used for the application of products that reduce dental erosion such as fluoride
gel. Patients with significant tooth surface loss may require laboratory-made
restorations, os well as removable appliances with bite planes that generate inter-
occlusal space to facilitate restorations, or surgical templates o provide guidance
in preparing restorations for those requiring surgical crown lengthening. Dental
study models and digitised models can also prove valuable in terms of monitering
the condition. This paper presents a review of the role that dental technology
ploys in tooth wear prevention, management and monitoring.

Introduction

The term 'tooth wear’ describes oll types
of non-carious tooth substance loss.'
This has been seen in archaeological
artefacts, predating the appearance of
caries, and can also be more difficult

to prevent.” There are four types of
tooth wear and these describe specific
aetiological factors:

KEY WORDS

Bruxism, Occlusal Splints, Orthodontic
Appliances, Praventive Dentistry,
Tooth Abrasion, Tooth Aftrition,

Teoth Erosion, Tooth Movement,

Tooth Intrusion, Tooth Wear

AUTHOR

James UJ Green

| and Dental laboratory Manager
yrmond Street Hospital for Children

Abrasion is tooth substance loss
through abnormal mechenical
processes that involve foreign objects
or substances repeatedly introduced
in the mouth and confacting the
teeth. This is most commonly
affributed to tooth-brushing.

Attrition is tooth substance loss
resulting from tooth-totooth

contact with no foreign substance
intervening.

Erosion is tooth substance loss by

a chemical process that does not
involve bacteria and is not directly
associated with caries or mechanical
or traumatic foctors.

+  Abfroction is a term proposed to
describe tooth substance loss by
flexure and failure of tooth substance
from occlusal loading ot a location
away from the loading, most
typically the cervical enamel.?

Dental technology has a role in terms

of preventing and reducing tooth wear,
providing restorations for those with
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Figure 1: Atirition caused by bruxism

a significant loss of tooth structure as
well as removable appliances to assist
with this restorative work. Dental study
models can also be used for longderm
monitoring of the condition.

Preventing and reducing
attrition and bruxism

Aftrition is most commenly caused by
bruxism (see Figure 1). While there is
no widely accepted definition,* bruxism
has been defined as “the grinding or
clenching of teeth at other times than for
the mastication of food.”*

Forces generated during a bruxism
episcde can be six fimes greater

than during normal mastication.

Dental appliances can prevent this”

by distributing the force across the
masticatory system and reducing

the frequency, but not the intensity,

of bruxism.? Muscle activity is likely

to return to its previous level once

the appliance is removed® so should

be worn continuously.' Because of
this, appliances should cover the
occlusol surfaces of all teeth in the
arch, as partial coverage con lead to
overeruplion of any exposed teeth. These
appliances have many other applications
and are commonly prescribed for the
management of temporomandibular
disorders.'' They can be can be worn
on the maxillary or mandibular arch
and fabricated in hard or soft materials.

Hard splints

Hard acrylic splints are made from
poly(methyl methacrylate] (PMMA,;

see Figure 2). Heat-polymerised acrylic
should be used rather than the auto-
polymerised (cold cure) variety due to
higher sirength and lower cytotoxicity, '
especiolly if the appliance is intended

PRIMARY DENTAL
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A guide to the clinical management of attrition

J.S. Rees*" and S. Somi?

Discusses aetiology of attaition.

Disousses sgns and symptorns of atiritian.

Discusses clmical management of attrition induging
dh: and co ional technig

Attrition is an enigmatic condition often found in older individuals and often as a result of bruxism which can take place as
a result of either day bruxism, night bruxism or both. Various studies and systemic reviews clearly shown that tooth wear

Is an age-related phenomena and the last Adult Dental Health Survey showed that 15% of participants showed moderate
wear and 3% severe wear with 80% of patients over 50 years of age showing signs of wear. This review examines current
theories around the aetiological factors contributing to attrition together with the clinical management of attrition focusing

on minimal intervention where possible.

Introduction

Attrition is formally defined as the loss of tooth
substance caused by tooth-to-tooth contact so
although it is predominantly seen occlusally,
attrition can also occur interproximally as
lateral movement of the teeth produces broader
interproximal contacts over time'(Fig. 1).
Typically, this type of wear is seen as marked
wear facets with complimentary wear facets being
seen in the upper and lower jaws. In very general
terms, patients often tend to brux in an anterior/
posterior direction or in a lateral direction. If
they tend to brux anterior/posteriorly marked
matching wear facets arc often seen on the
anterior teeth and if they brux laterally marked
matching wear facets are seen affecting the upper
and lower canines (if the patient has a canine
guided occlusion), and wear facets may be seen
on the premolars and molars if the patient has a
group function occlusion. With more advanced
wear a patient may ‘convert” themselves from

Professor of Restorative Dentistry, *Clinical Lecturer in
R e Dentistry, Card#f University Dental Schoal,
Heath Park, Cardiff, CF14 4XY

*Comespondence to: Professor Jeremy Rees

Emak Rees)Stabcarafi.ac.uk
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Fig. 1 Examples of attrition

a canine guided occlusion to a group function
type occlusion, once wear of the canines allows
contact of the posterior teeth in lateral excursion.

It is also important to realise that erosion
may be superimposed or coexist with attrition/
abrasion and this is often seen with patients
who consume significant numbers of oranges
for example. The citric acid within the oranges®
can cause erosion while the fibrous structure
of the fruit can cause abrasion and this is often
seen on lower molars, In this scenario, once
the occlusal dentine is exposed then the tooth
wear may accelerate as dentine tends to be lost
two o five times faster than enamel.”

Diagnosis

The signs and symptoms typically found
in a patient presenting with attrition are
outlined below.'

BRITISH DENTAL JOURNAL | Advance Online Publication | MARCH 2 2018
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Symptoms
« Tooth grinding at night
« Jaw pain, fatigue and limited opening
on waking
+ Teeth feel loose (localised or generalised)
« Sore tecth or sore gums
« Headaches in the temporal region
« Grinding or clenching of the teeth
while awake.

Clinical signs

« Tooth wear and marked wear facets, par-
ticularly in protrusion or lateral excursion

« Tooth fractures - natural teeth or
restorations

« Tooth mobility

« Pulp necrosis - as loads cause limitation
of blood supply

«  Traumatic ulcers

« Linear alba,
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Aetiology of Dental Erosion: Patient-Related Factors
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Abstract

Although toothbrushing is considered a prerequisite for
maintaining good oral health, it also has the potential to
have animpact on tooth wear, particularly with regard to
dental erasion, Experimental studias have demonstratad
that tooth abrasion can be influenced by a number of fac-
tors, including not only the physical properties of the
toothpaste and toothbrush used but also patient-related
factors such as toothbrushing frequency and force of
brushing. While abrasion resulting from routine oral hy-
giene can be considerad as physiological wear over time,
intensive brushing might further harm eroded surfaces
by removing the demineralised enamel surface layer, The
effects of brushing on eroded dentine are not fully eluci-
dated, particular under invivo conditions. Howewver, there
are indications that brushing after an acid impact causes
less additional hard tissue loss in dentine than in enamel,
Toothbrushing frequency and force as well as toothbrush
hardness were shown to act as co-factors in the multifac-
torial aetiology of non-cervical carious lesions, In vitro
studies showed that toothbrushing abrasion is primarily
related to the abrasivity of the toothpaste, while the
toothbrush acts as a carrier, only modifying the effects of
the toothpaste. The benefits of normal oral hygiene pro-
cedure exceed possible side effects by far, but excessive
toothbrushing - especially of eroded teeth - might cause
some harmful effects, @ 20014 5. Karger A, Basel
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Toothbrushing is generally considered to be a
safe and effective means for maintaining oral
health [1]. In situ studies have reported clinically
irrelevant levels of enamel loss (0-0.5 um enamel
loss after 28 days [2] and 0.5-0.7 um after
6 months of simulated normal hygiene [3]). In
contrast, dentine is less resistant to abrasion and
35-45 pm of dentine loss after 6 months of not-
mal oral hygiene were reported [3]. Extrapolation
to 10 years of normal toothbrushing reveals
enamel and dentine losses of around 20 pm and
I mm, respectively.

Although anecdotal reports about the severe
misuse of oral hygiene products are rare [4, 5],
clinical studies have shown some correlation be-
tween toothbrushing frequency [5, 6], brushing
force or toothbrush bristle hardness [7] and the
development of non-carious cervical defects,
Only very few clinical or in vivo studies on the ef-
fect of combined chemo-mechanical impacts on
dental hard tissue exist. However, a number of in
vitro and in situ studies have shown that tooth-
brushing might further harm the surface of erod-
ed enamel and dentine. In vitro, short-term ero-
sive challenges (1-3 min) leave a partially demin-
eralised and softened enamel surface layer of up
to several hundred nanometres behind, which is



La importancia de los materiales en el mantenimiento de la oclusion
(Dr.Ernest Mallat)
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» Hay que conocer la dureza de los materiales que empleamos antes de empezar
a rehabilitar
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Tooth Wear Guidelines for the
BSRD Part 2: Fixed Management of

Tooth Wear

Dent Update 2018; 45: 11-19

The management of toath wear (TW)
may often present a dilemma to the
clinician. The dinical dedision-making
process betwean monitoring and active
management can be difficult. Thorough
history-taking and clinical assessmant
are assential parts of gathering sufficient
information to allow the clinician and the

patient to make these treatment decisions.

Uncontrolled tooth wear
can lead to poor aesthetics, denting
hypersensitivity and functional problems,
ultimataly resulting in a reduced quality
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of life. Significant tooth structure loss can
also lead to difficulties with any potential
rehabilitation.” Patients often only become
aware of their TW when the appearance
of their teeth begins to deteriorate or they
bacome symptomatic. Enamel may appear
thin or discoloured, begin to fracture and
the teeth may appear shorter.? Exposure
of dentine can lead to transient pain in
responsa to chemical, thermal, tactile or
osmotic stimuli. This is commonly known
as dentine hypersensitivity and may ocour
following loss of enamel with dentinal
exposure secondary to tooth wear? This
pain can often be unsettling for the patient
and may lead to limitation of the types of
food or beverage ingested.

Loss of tooth structure can
hawve many restorative implications. The
need to conserve tooth structure, in
particular enamel, remains vital to the
predictability of adhesive restorations
which are indicated, where possible, to
avoid removal of more tooth structure, as
is required with conventional crown and
bridge work.#* Further restorative difficulties
can be encountered as TW causes loss of
interocclusal space, thereby leaving limited
space for the restorative material.

Uncontrolled tooth wear may
ultimately result in decreased quality of
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life, affecting patients’ satisfaction with
their dentition, in particular; aesthetics,
oral comfort and/or mastication.® Correct
diagnosis is therefora critical for successful
management of TW. The predominant
aatiology should be determined and the
patient concerns identifieds Although the
rehabilitation of worn teath is commaon
clinical practice, there appears to be a

stark absence of documented outcomes.

It has been identified in numerous reviews
that thera is no strong published evidence
on management strategies.s” To date,

most recommendations are basad on
published, evidence-based, expert opinion
or observational studies, with a lack of
high guality research suppaorting individual
restorative measures for the replacement of
tooth tissue”

The decision to treat arises when
the patient’s needs, severity of the wear and
potential for prograssion are of concarn.
There is a lack of evidence to suggest that
the presence of TW will predictably lead to
soviere wear’ In the absence of assthetic
or functional issues, monitoring of the
TW and preventive advice, including diet
counselling, may be praferable 2

The preservation of tooth

July/August 2018
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Perimolysis: case report

Perimalise: relato de caso clinico
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ABSTRACT

Perimalysis is a form of dental erosion, charactenized by dental tissue demineralization without bacterial invalvement. It can be of intrinsic or
extrinsic onigin. Extrinsic origin is considered when it is caused by excessive consumption of acid drinks and foods such as soft drinks, alcoholic
beverages, acid fruit and prescription drugs for daily use. When caused by gastrointestinal disorders, such as those rasuiting from bulimia,
anarexia nenosa and gastroe [ reflux, it 15 considered of intrinsic ongin. The acid action can cause erosion on palatalfingual incisor
surfaces, and ooclusal and palataliingual posterior tooth surfaces causing pain (dental hypearasthesial. Treatment is offen multidisciplinary, and
the causes should be dentified, eliminated or controlled, In denfistry the approach must include preventive measures fo reduce fulure nisks,
and restorative intervention using materials such as glass ionomer cement, resin composite, or endodontic and prosthebc rehabilitation in maore
complex cases. The aim of this study was to describe the restorative freatment in the case of a patient with this condition

Indexing terms: Acidity. Dental enamel. Esthetics. Tooth erasion.

RESUMO

Perimdlize & uma forma de erosao dentaria, caractenizada pela desmineralizacdo do tecido dental sem envolvimento bacteriano, de origem
intrinseca ou extrinseca. E considerada de origemn extrinseca quandc causada pelo consume excessivo de bebidas, alimentos e substincias
acidas, como refrigerantes, bebidas alcodlicas, frutas dcdas ¢ medicamentos de uso continuo. Denomina-se intrinseca quando causada por
disturbios gastrintestinais como o5 que acormem coma consequéncia da bulimia, da anorexia nersosa e do refluxo gastresofagico. A acao Acida
pode causar erosao nas faces palatinadlingual dos incisivos e palatinafingual e oclusal dos dentes posteriones levando a dor, ou seja, hiperestesia
dertal. O tratamento geralmente & multidisciplinar, devendo identificar & eliminar ou cantrolar as causas. A abordagem odontalégica deve
associar medidas preventivas para diminuir riscos fuluros e intervencao restauradora utilizando matenais como amento iondmero de vidre,
resing compasta ou até mesmo endodontia e reabilitagao protética para casos mais complexcs, Este trabalho teve como objetiva descrever o
tratamento restaurador de um caso dinico de paciente com esta patologia

Termos de indexagdo: Acdez. Esmalte dentario. Estética. Erosao denténa.

INTRODUCTION

Perimalysis is a form of tooth erasion, characterized
by dental tissue demineralization without bacterial
involvement; that is, wear or mineral loss from the tooth
surface caused by chemical agents'™=.

Mineral loss {erosion) from the tooth surface may
lead to painful conditions {dentinftooth hyperesthesia),
with esthetic and functional compromise, factors that lead
to the patient going to the dentist™,

Areas of wear may be promoted by acd
substances frequently coming into contact with the teeth.

These substances may be of intrinsic or extrinsic origin "4,
Wear arising from extrinsic substances are very common
nowadays, because of changes in the dietary habits of
human beings, who now consume more products of
industrial orgin. In the majority of cases, these contain
acid substances as preservatives that contribute to the
appearance of perimaolysis™®.

Among the main factors related to the type of diet
involved in the high rates of tooth erosion are the consurmption
of citrus fruits, habit to suck acid or sour candies, in addition
to the ingestion and continuous use of some medications,
such as Vitamin C and acid mouth washes’,

!"Universidade Estadual Paulisaa Julio de Mesquita Filho, Faculdade de Odontologia, Departamento de Odontologia Restauradora. Araraquara, 5B Brasil.
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Review Article

Erosive tooth wear: Diagnosis, risk factors and prevention

Aprian Lussn pos, Ms, ELMAR HELLWIG, DDs, DOMENICK ZEROQ, DDE, M5, & THOMAS JAEGGT, DDS

ABSTRACT: Purpose: To provide an overview on diagnosis, risk factors and prevention of erosive tooth wear, which is
becoming an increasingly important factor when considering the long term health of the dentition, Resalts: Awareness
of dental erosion by the public is still not widespread due to the cryptic nature of this slowly progressing condition.
Smooth silky-glazed appearance with the absence of perikymata and intact enamel along the gingival margin, with
cupping and grooving on occlusal surfaces are some typical signs of enamel erosion, In later stages, it 15 sometimes
difficult to distinguish between the influences of erosion, attrition or abrasion during a clinical examination. Bielogical,
behavioral and chemical factors all come into play, which over time, may either wear away the tooth surface, or
potentially protect i, In order to assess the risk factors, patient should recond their dietary intake for a distinet period of
time. Based on these analyses, an individually tailored preventive program may be suggested to patients. [t may
comprise dietary advice, optimization of fluoride regimes, stimulation of salivary flow rate, use of buffering
medicaments and particular motivation for non-destructive tooth brushing habits, The frequent use of fluoride gel and
fluoride mouthrinse in addition to fluonide toothpaste offers the opportunity to minimize abrasion of tooth substance.
(Am J Denr 2006;19:319-325).

CLINICAL SIGNIFICANCE: Since erosion, attrition and abrasion often occur simultaneously, all causative components

must be taken into consideration when planning preventive stralegies.

F0: Prof. Dr, Adrian Lussi, Department of Preventive, Restorative and Pediatric Dentistry, School of Dental Medicine,
Freiburgstrasse 7, CH - 3010 Bern, Switzerland. E-5-0; adrian. lussi@zmk. unibe ch

Introduction

There is some evidence that the presence of dental erosion
is growing steadily. Hence, erosive tooth wear is becoming
increasingly significant in the management of the long-term
health of the dentition, As lifestyles have changed through the
decades, the total amount and frequency of consumption of
acidic foods and drinks have also changed. Soft drink
consumption in the USA increased by 300% in 20 vears,' and
serving sizes mereased from 185 g (6.6 o) in the 19505 w0
340 g (12 oz) in the 19605 and 570 to g (20 oz) in the late
1990s. Between 56% and 85% of children at school in the
USA (circa 1995), consumed at least one solt drink daily,
with the highest amounts ingested by adolescent males, OF
this group, 20% consumed four or more servings daily.’
Particularly, studies in children and adults have shown that
patients with more than four dictary acid intakes per day is
associated with the presence and the progression of erosion
when other risk factors (such as holding the drink in the
mouth) are present.™

Mational dental surveys are not routinely undertaken and
when conducted have seldom included measures of tooth
wear, specifically erosion. Erosion was first included in the
LK. childrens’ dental health survey in 1993 and is repeated
periodically. The prevalence of erosion was shown to have
increased from the time of the children’s dental health survey
in 1993 to the study of 4 to 18 year-olds in 1996/1997 % There
wis a trend towards a higher prevalence of erosion in children
aged between 3.5 and 4.5 years; and in those who consumed
carbonated drinks on most days, compared with toddlers
consuming these drinks less often. In another UK., study,
1308 children were examined at the age of 12 years and 2
years later. In ths study, 4.9% of the subjects at baseline and
13.1% 2 wears later had deep enamel or dentin lesions,
Twelve percent of crosion—free children at 12 yvears developed
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the condition over the subsequent 2 years. New or more
advanced lesions were seen in 27% of the children over the
study period.”

Awareness of dental erosion by the public 15 sl not
widespread. and the diagnosis of erosion by dentists and the
differentiation from abrasion, attrition and abfraction may be
difficult. In a survey in England, 34% of children surveyed
were aware of tooth erosion but only #% could recall their
dentist mentioning the condition.” What is considered an
acceptable amount of wear is dependent on the anticipated
lifespan of the teeth, which is different for primary teeth
compared to permanent teeth. However, erosive damage to
the permanent teeth occurning in childhood may compromise
the growing child’s dentition for their entire lifetime and may
require repeated and increasingly expensive restorations.”

Therefore, it 15 important that diagnosis of the tooth wear
process in children and adults is made ecarly and adequate
preventive measures are undertaken. Early intervention can
only be initiated when the risk factors as well as the biological
and behavioral modifying factors are taken into account,

This review provides an overview for the clinical
management of erosive tooth wear which includes the early
diggnosis and monitering, identification of risk factors and
strategies for its prevention.

Diagnosis

Diagnosis in the early forms of erosive tooth wear may be
easily overlooked, as it is accompanied by few signs and
fewer if any symptoms. There is no device available in routine
dental practice for the specific detection of dental erosion.
Therefore, clinical appearance is the most important feature
for dental professionals to diagnose dental erosion, This is of
particular importance in the early stage of erosive tooth wear.
The appearance of smooth silky-glazed appearance with the
absence of peritkymata and intact enamel along the @ingival
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Since the mid-1990s, the focus of studies on tooth wear has steadily shifted from the general condition towards the more specific
area of dental erosion; equally, a shift has occurred from studies in adults to those in children and adolescents, During this time,
understanding of the condition has increased greatly. This paper attempts to provide a critical overview of the development of
this body of knowledge, from earlier perceptions to the present. [t is accepted that dental erosion has a multifactorial background,
in which individual and lifestyle factors have great significance. Notwithstanding methodological differences across studies, data
from many countries confirm that dental erosion is common in children and voung people, and that, when present, it progresses
rapidly. That the condition, and its ramifications, warrants serious consideration in clinical dentistry, is clear. It is important for the
oral healthcare team to be able to recognize its early signs and symptoms and to understand its pathogenesis. Preventive strategies
are essential ingredients in the management of patients with dental erosion. When necessary, treatment aimed at correcting or
improving its effects might best be of a minimally invasive nature, Still, there remains a need for further research o forge better

understanding of the subject.

1. Introduction

Interest in dental erosion and its role in tooth wear increased
considerably since the mid-1990s. Early studies on tooth
wear in humans were, in the main, based on teeth from
archeologically obtained skulls. In later studies, contempao-
rary adult populations were examined, but in neither the
early nor the later periods of study, erosion was rarely, if
ever, mentioned as a possible etiological factor [ 1] (Figure 1).
The definition and diagnosis of dental erosion have not been
agreed upon among researchers and clinicians, which can
explain some of the confusion and perhaps the earlier lack of
interest in the subject [2], The diet of our ancestors was often
tough and contained coarse particles, which required heavy
chewing, The resulting wear facets were further influenced
by the abrasive components of the food. Modern diets
would appear to lack such abrasives but can contain acids,
which can demineralize enamel and potentiate attrition and
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abrasion. MNewvertheless, there are findings supporting the
existence of dental erosion even in medieval populations
[3,4].

Although the terms attrition, erosion, and abrasion are
the commonly accepted nomenclature used in dentistry to
characterize tooth wear, the terms do not explain the wear
process. Neither do they imply causation, instead describing
clinical outcomes of a number of underlying events, In
this regard, the science of tribology may more accurately
characterize the process of twoth wear. There are several
tribological mechanisms, although the mechanisms that
apply in tooth wear may be explained in terms of two-
body abrasion (typically attrition) or three-body abrasion
interacting with an acidic or abrasive fluid/slurry (typically
erosion and abrasion) [5].

The earliest form of tooth wear was found mainly on
occlusal, incisal and proximal surfaces, whereas modern
erasive tooth wear has additional characteristics that include
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ABSTRACT

Dental abrasion is most commonly seen at the cervical necks of teeth, but can

occur in

area, even interdentally from vigorous and incorrect use of dental

any
floss. Acid erosion has been implicated in the inifiation and progress of the
cervical lesion, while tooth-brush abrasion has long been held as the prime
cause of cervical abrasion. Identification of the risk factors is clearly important
in order to modify any habits and provide oppropriate advice.
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ental abrasion is defined as the

wear of teeth by any substance

other than tooth substance. The
cervical is the most commonly abraded
site and the term non-carious cervical
lesions [NCClLs) is the appropriate ferm
to describe the lesions formed. Abrasion
can, however, occur on any areq, even
inter-dentally from vigorous and incorrect
use of dental floss.” Abrasion alone can
be difficult to distinguish from combined
erosion and abrasion.

NCCLs can have two quite distinct
clinical presentations:

*  Flot, shallow, dish-shaped lesions.
* Deep, wedge-shaped lesions.

Both types of lesion may share common
aeticlogical factors. Acid erosion has
been implicated in the initiafion and
progress of the cervical lesion, while
tooth-brush abrasion has long been held
as the prime cause of cervical abrasion.
Should acid erosion be suspected, then
questioning the patient regarding risk
factors (see paper on erosion, also in
this issue) is appropriate.

Non-carious cervical

lesions (NCCLs)

Figures 1 and 2 illustrate the presentafion
of NCCls. In Figure 1, the unilateral
distribution in the upper left quadrant
may indicate an association with
horizontal tooth brushing or “serub
technique” in a right handed
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individual. The gingivae are likely to
be inflammation free and possibly
hyperkeratinised from toothbrush frouma,

The defects are well delineated and deep
with pulpal exposure.

Various factors have been postulated
for toothbrush abrasion including using
o hard brush, too much pressure,

high frequency of brushing and an
inappropriate technique. The abrasivity
of the toothpaste has also been
associated with cervical abrasion,
although most commercially available
toothpastes mee! siringent low abrasion

Figure 1: Unilateral abrasion in
the maxillary left quadrant, possibly
caused by o scrub technique

Figure 2: Cervical defects with wear
labially in an older female. The presence
of gingivitis precludes tooth brush
abrasion ¢s an celiology. There is incisel
edge wear also. The aeticlogical factors
could not be identified
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Abstract: Abfraction is a type of noncarious cervical lesion (NCCL) characterized by loss
of tooth tissues with different chinical appearances. Evidence supports that abfraction lesions,
as any NCCLs, have a multifactorial etiology. Particularly. the cervical wear of abfraction can
occur as a result of normal and abnormal tooth function and may also be accompanied by
pathological wear, such as abrasion and erosion. The interaction between chemical, biological,
and behavioral factors is critical and helps to explain why some individuals exhibit more than
one type of cervical wear mechanism than others. In an era of personalized dentistry. patient risk
factors for NCCLs must be identified and addressed before any treatment 1s performed. Marked
variations exist in dental practice concerning the diagnosis and management of these lesions.
The lack of understanding about the prognosis of these lesions with or without intervention may
be a major contributor 1o variations in dentists’ management decisions, This review focuses on
the current knowledge and available treatment strategies for abfraction lesions. By recognizing
that progressive changes in the cervical area of the tooth are part of a physiologically dynamic
process that occurs with aging, premature and unnecessary intervention can be avoided, In
cases of asymptomatic teeth, where tooth vitality and function are not compromised, abfraction
lesions should be monitored for at least 6 months before any invasive procedure is planned. In
cases of abfraction associated with gingival recession, a combined restorative-surgical approach
may be performed. Restorative intervention and occlusal adjustment are not indicated as treat-
ment options to prevent further tooth loss or progression of abfraction, The clinical decision to
restore abfraction lesions may be based on the need to replace form and function or to relieve
hypersensitivity of severely compromised teeth or for esthetic reasons.

Keywords: abfraction, tooth wear, noncarious cervical lesions, tooth restoration

Introduction

Noncarious cervical lesions (NCCLs) develop as a result of normal and abnormal or
pathological wear and cause abfraction, abrasion, and erosion or chemical degrada-
tion of dental tissues.' Clinical appearance of NCCLs can vary depending on the type
and severity of the etiological factors involved.” Of all possible etiological factors
for NCCLs, occlusal stress forces have received maximum attention over the years.
Tensile stress from malocclusion and masticatory forces was initially proposed as the
primary factor in NCCLs;" shortly thereafter, these lesions were termed as abfraction
lesions.* Despite many efforts to demonstrate that occlusal forces are the main cause
of abfraction, its etiology remains poorly understood and controversial.* Nowadays, it
is generally incorrect to designate only one mechanism to be the cause of any type of
NCCLs." Instead, current evidence supports a multifactorial etiology for all NCCLs
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An accurate and efficient method
for occlusal tooth wear assessment
using 3D digital dental models

Nikolaos Gkantidis* ™, Konstantinos Dritsas?, Yijin Ren?, Demetrios Halazonetis® &
Christos Katsaros®

Tooth or material wear in a dentition is a common finding that requires timely diagnosis for management
and prevention of further loss or associated esthetic or functional impainment. Various gualitative and
quantitative methods have been suggested to measure tooth or material wear, but they present with
limitations, such as imprecision, subjectivity, or high complexity. Here we developed and assessed an
efficient 3D superimposition method to accurately measure occlusal tooth wear on 3D digital dental models.
For this purpase, teeth on plaster casts were manually grinded on their occlusal surfaces to simulate various
degrees of tooth wear. The casts were scanned using a surface scanner. Grinded tooth crowns (T1) were
segrmented and compared to the original crowns (T0) using five 3D surface superimpesition technigues

and a gold standard technigue (G5). G5 measurements were obtained by using intact adjacent structures

as superimpaosition references. The technique of choice (complete crown with 30% estimated overlap of
meshes) showed the best reproducibility (maximum difference < 0,050 mm®) and excellent agreement with
the G5 technique (median difference: 0.032 mm?). The suggested 3D superimposition method offers a highly
efficient and accurate tool for tooth wear assessment, which could be applicable to clinical conditions.

Tooth wear in a dentition can be a result of attrition. erosion or abrasion and is expressed as loss of dental mat-
ter, especially of enamel. Timely diagnosis is necessary to manage this condition and avoid further tooth loss or
other associated esthetic or functional impairment in the future. Wear of dental materizls is also critical since
restorations have to be resistant to structural and form changes, without causing damage to the opposing tecth™.

Ower the past few years, various qualitative and quantitative methods have been suggested to measure
tooth wear, Conventional approaches, such as those of Eccles’, Smith and Knight®, the New Tooth Wear Index
(NTWI)', or the Basic Erosive Wear Examination (BEWE)" assess dental material Loss qualitatively through the
use of indices. The main shortcoming of such indices is that they are subjective and their sensitivity is unsatistac-
tory, especially when tooth wear is assessed in relatively short time-spans®,

For this reason, quantitative methods on 3-dimensional (3D} dental models have been developed'”, These
are considered advantageous, since they are more objective and they provide more accurate estimation of the
outcome, usually as tooth height or volume loss'\. However, the utilization of such methods i vive or ex vivo
is usually rather complicated and time-consuming ', and thus not feasible in a regular clinical basis or even for
research purposes, if the required expertise and special equipment are not available. To our knowledge, when
considering these specialized techniques, there is only one study that used a validated technique to measure the
3D occlusal enamel wear in a clinical setting' -,

The steadily increasing usage of intracral scanners in contemporary clinical dentistry' could provide the
required surface models for quantitative 310 wear assessment and the available software in the market could
facilitate the ex vive implementation of the relevant techniques on a regular clinical setting. Previous ex vive wear
assessment methods relied mostly on superimposition of tooth arcas that were not considered to be affected by
tooth wear between two or more time points' """, However, the selection of such arcas and the validation of
these methods compared to a gold standard measurement, which would provide the true value, has not been
adequately investigated'". Numerous factors can influence wear assessment through these techniques, such as
movement of teeth between two time points, the accuracy of the obtained 3D surface model, especially in areas

Department of Orthodentics and Dentofacial Orthopedics, University of Bern, CH-3010, Bern, Switzerland.
“Department of Orthodontics, W.J. Kolff Institute, University Medical Center Graningen, University of Groningean,
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University of Athens, GR-11527, Athens, Greece, *e-mail; nikosgant@yahoo.gr
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ABSTRACT

Changing patterns of tooth wear have been used extensively to obtain information about the
lifestyle and culture of pre-historic and modern humans. The assessment of tooth wear in previous
anthropological studies bas been largely based on quantitative analysis of wear indices and
qualitative analysis of micrographs. Wear indices are simple to use and can be sensitive tools, but
there is a lack of international standardization in their use. Micrographic assessment of pits and
scratch marks on the worn surfaces of teeth can assist in dietary reconstruction of bumans, but this
approach has low reliability and high observer ervor. This review will provide an update on a new
wear index and novel nano-techniques that hold promise for improving the analysis of tooth wear.
Recently, a new wear index, termed the Basic Erosive Wear Examination index, has been proposed
as a standardized universal tool for diagnosing erosive tooth wear. However, its value seems to be
limited when assessing the dentitions of populations, in whom tooth wear occurs predominantly by
attrition and abrasion, Optical techniques involving scanning confocal microscopy combined with
[fractal analysis can provide an objective assessment of the worn surface. Other nanotechnology-based
methods, such as nanohardness measurements, mmaammpum:f Iamogmpby and mass spectrometry,
can be also useful in physical and chemical characterization of both sound and worn teeth, but
these techniques are limited to use in vitro. A combined assessment of the warn dentition using all
of these techniques promises to provide the best holistic approach to analyse rooth wear.
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ABSTRACT

Objectives, This study aims to systematically review the different methods used for wear
measurement of dental tissues and materials in clinical studies, their relevance and relia-
bility in terms of accuracy and precision, and the performance of the different steps of the
warkflow taken independently.
Methods. An exhaustive search of clinical studies related to wear of dental tissues and
materials reporting a quantitative measurement method was conducted, MedLine, Embase,
Scopus, Cochrane Library and Web of Science databases were used. Prospective studies,
pilat studies and case series (=10 patients), as long as they contained a description of wear
measurement methodology. Only studies published after 199% were considered.
Results. After duplicates’ removal, 435 studies were identified, and 41 remained for quantita-
tive analysis, Thirty-four described wear-measurement protecols, using digital profilometry
and superimposition, whereas 7 used alternative protocols. A specific form was designed to
apalyze the risk of bias. The methods were described in terms of material analyzed; study
design; device used for surface acquisition; matching software details and settings; type
of analysis (vertical height-less measurement vs volume loss measurement); type of area
investigated (entire ccclusal area or selective areas); and results.
Sintficance. There is a need of standardization of clinical wear measurement, Current meth-
ods exhibit accuracy, which is not sufficient to monitor wear of restorative materials and
tooth tissues. Their performance could be improved, notably limiting the use of replicas,
using standardized calibration procedures and positive controls, optimizing the settings of
scanners and matching softwares, and taking into account unusable data.

& 2018 The Acadermny of Dental Materials. Published by Elsevier Ltd. All rights reserved,

* Corresponding author at: EA442, Faculté de Chirurgie Dentaire, Université Paris Descartes, Sorbonne Paris Cité, Montrouge, 92120, France,
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A New Index of Tooth Wear

Reproducibility and Application to a Sample of 18- to 30-Year-0ld University Students
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Abstract

A modified wear index, in which the wear of enamel and
dentine are recorded separately, is described. The index was
applied to estimating the prevalence and extent of tooth
weaar in a single convenience sample of 18- to 30-yvear-old
students attending a university in Londaon, The subjects
were examined under good lighting in a dental chair away
from a dental school. A total of 707 fermales and 303 males
were recruited with a mean age of 21.9 years (standard de-
viation = 0.1, range = 18-30) and examined by 3 trained and
calibrated examiners. Intra-examiner intra-class correlation
coefficients showed a range of 0.44-0.88. The unweighted
K scores were above 0,88 for enamel and dentine, The pres-
ence of enamel wear was commeon to all subjects, but 6.1%
of the participants had maore than one third of the tooth sur-
face affected. Dentine was exposed on 5.3% of all surfaces,
with the largest proportion accounting for less than 10% of
the tooth surface [grade 1). The proportion of subjects with
at least 1 surface with dentine exposed was 76.9% of the to-
tal population. The males had significantly more wear in
dentine than the females (p = 0.001). The inter-examiner in-
tra-class correlation coefficients for enamel and dentine
were 0.87 and 0.92, respectively. The reproducibility of the

index was comparable to other analyses and provides an op-
portunity to assess the prevalence of enamel wear in large
population-based studies. Copyright © 2008 5. Karger AG, Basel

The most common method to record changes on teeth
resulting from wear has been the use of indices. The most
frequently reported index is the Smith and Knight Tooth
Wear Index [1984a], which classifies tooth wear on a 5-
point scale at 4 sites per tooth. The index records wear or
depth changes into dentine with 3 grades, whereas chang-
es to enamel, which can be equally widespread, are noti-
fied as a single grade. The reason for this is that most of
the early indices were aimed at assessing the need for op-
erative intervention and are therefore more repeatable at
the severe levels of dentine involvement. The difficulty
with most indices is that wear on enamel is normally giv-
en a single score, which under-represents the damage to
enamel particularly if the surface lesion is widespread.
The relative inaccuracy of the current indices at the
enamel level also restricts their use for interventional
studies on prevention as the most likely short-term
change resulting from wear is on enamel. The only other
method to accurately measure tooth wear is using pro-
filometry, but this would be inappropriate for assessing
the prevalence on large sample populations as the time
needed for scanning would be impractically long.
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RESUMEM

El propdsito de este trabajo es aplicar la tec-
nologia actual usando los escaneres intrao-
rales para posibilitar un diagndstico mas ob-
jetivo del desgaste dental. Se realizo un
esfudio de evaluacidn de desgaste sobre 53
alumnos de Odontologia, utilizando como
medio de registro de ambas arcadas el es-
caner intraoral True Definition 3ME (ESPE,
Seefeld, Germany). Para evaluar el desgasta
52 utilizd el indice Smith & Knignt aplicandolo
a las superficies vestibular, palatinalingual
y oclusaliincisal desde el primer incisivo in-
cisivo a primer molar en ambas arcadas. Los
resultados mostraron una mayor superficie
de desgaste en el grupo dntero-incisal (su-
perior) por palating, caninos por incisal, pri-
meros premolares superiores e inferiores por
oclusal, Las localizaciones de las superficies
de despaste encontradas en este estudio
concuerdan con los datos hallados en la li-
teratura cientifica. El escaner intraoral se
muestra, en las condiciones de este estudio,
como una herramienta eficaz en la deteccian
del desgaste dental.

PALABRAS CLAVE

Desgaste; Escaner intracral; indice Smith &
Knignt.

MNew TeECHNOLOGIES Lse
IN THE aPPLICaTION OF
THE SMITH & KNIGHT
IMoex FoOr DenTal wear

ABSTRACT

The purpose of this paper is to apply current
technology using intraoral scanners to enable
a mare objective diagnosis of dental wear,
An evaluation study on 53 Denstritry students
using as a recording medium of both arches
intraoral scanner True Definition 3M was per-
formed, To assess the Smith & Knignt wear
index was used by applying to, palatal ! lin-
gual and occlusal /incisal from the incisor to
first malar buccal surfaces. The results sho-
wed increased wear surface in the anterior-
incisal group (superor) palatal, incisal cani-
nes, occlusal upper first premolars and first
molars occlusal. The locations of the wear
surfaces found in this study are consistent
with data found in the scientific literature.
The intraoral scanner is shown under the
conditions of this study, as an effective tool
in the detection of dental wear.

KEY WORDS

Tooth wear; Intraoral scanner; Smith &
Knight index.
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The tooth wear evaluation system: a modular clinical
guideline for the diagnosis and management planning

of worn dentitions
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susMMArY Tooth wear is a multifactorial condition,
leading to the loss of dental hard tissues, viz.
enamel and dentine. Tooth wear can be divided into
the

subtypes mechanical wear (attrition and

abrasion) and chemical wear (erosion). Because of

its multifactorial aetiology, tooth wear can manifest
representations,  and
therefore, it can be difficult to diagnose and manage
the condition. A systematic approach is a sine gua
now, In the below-described tooth wear evaluation

system (TWES), all necessary tools for a clinical

itsell in many different

guideline are present in different modules. This
allows the dental clinician, in a general practitioner
setting as well as in a referral practice setting, to
perform a state-of-the-art diagnostic process. To
avoid the risk of a too cumbersome usage, the
dental clinician can select only those modules that

are appropriate for a given setting. The modules
match with each other, which is indispensable and
essential when different modules of the TWES are
compared. With the TWES, it is possible to recognise
the problem (qualifying), to grade its severity
{quantifying), to diagnose the likely causes and to
monitor {the progress of) the condition. In addition,
a proposal for the classification of tooth wear is
made. Further, it is possible to determine when to
start a treatment, 1o make the decision which kind
of treatment to apply and to estimate the level of
difficulty of a restorative treatment.

KEYworDS: clinical guideline, diagnosis, qualifying,
quantifying, management planning, tooth wear
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Introduction

Tooth wear 15 a multifactorial condition, leading to

the loss of dental hard tissues, wviz. enamel and

dentine (1). Tooth wear can be divided into the
subtypes mechanical wear (attrition and  abrasion)
and chemical wear (erosion). Attrition is infrinsic
mechanical wear as a result of function and/or para-
function {c.g. bruxism), doe to tooth-to-tooth contact,
Abrasion is exirinsic mechanical wear as a result of
other factors than function andfor parafunction, viz.
oral hygiene procedures and habits such as nail-biting
and Erosion  is  chemical ot

pen-biting, wear,

caused by caries, as a result of intrinsic or extrinsic
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acids (2-4). Individual wear mechanisms rarely act
alone, but interact with ecach other (1, 3). As all indi-
viduals chew and therefore have attrition, and in
modern society, most individuals have an erosive diet
and therefore have erosion, it is virtually impossible
to separate these phenomena, Recently, it was stated
that the role of erosion in the multifactorial 1ooth
wear process is increasing (6). This can be explained
by the growing consumption of acidic drinks and food
(41, While for many 1oath

condition of little interest in daily clinical practice,

'f# Ars, wedr was o a
nowadays this is changed. Tooth wear is beocoming
increasingly significant in maintaining the long-term

health of the dentition (4). This becomes especially
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Abstract

Background: Tooth wear is a multifactorial condition, leading to the loss of dental
hard tissues. Physiological tooth wear is a slow process that normally does not lead to
any subjective symptoms. When the condition progresses, it can become pathologi-
cal, and several signs and symptoms may occur. The Tooth Wear Evaluation System
(TWES) was described to implement a systematic diagnostic and management ap-
proach. Recently, management guidelines were presented in a European Consensus
Statement (ECS) as well.

Objectives: To evaluate the TWES in practice and to integrate the principles de-
scribed in the ECS in order to compose a renewed TWES 2.0 and a new taxonomy.
Methods: The TWES and the recommenclations of the ECS were used by dental clini-
cians, in order to test its applicability in practice.

Results: Agreement was reached that the TWES 2.0 will use a stepwise approach,
with a straightforward Tooth Wear Screening part and a more detailed Tooth Wear
Status part. Also, the assessment of pathology from the ECS is incorporated in the
TWES 2.0 (both classification and taxonomy).

Conclusions: In the TWES 2.0 is described that tooth wear is pathological if moder-
ate/severe/extreme tooth wear is present, in combination with one or several de-
scribed signs and symptoms. Aetiology can be assessed by findings that indicate a
chemical and/or a mechanical cause, The taxonomy may help to identify situations
in which preventive (restorative) interventions in early stages of tooth wear can be
indicated. The reliability and validity of the adapted parts must be proven.

KEYWORDS
classification, diagnosis, European Consensus Statement ([ECS), management, pathological,
physiclogical, taxenomy, tocth wear, Tooth Wear Evaluation System (TWES)
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Abstract

Objective: To assess the reproducibility of two clinical criteria for the evaluation of restorations in primary
teeth and the impact on treatment decision, Material and Methods: A cross-sectional study was performed
selecting 71 resin-based composite restorations placed in primary molars of children who had sought dental
treatment at & dental school. Two trained examiners evaluated independently the restorations using
moditied FIM and USPHS criteria. All restorations were assessed separately with each system in random
arder to avoid memory bias. Kappa statistics were used to determine inter-examiner reliability considering
each parameter of both criteria and score final about treatment decision, MeNemar test was used to compare
the treatment decision with two criteria. The significance level was set at 5%. Resules: Kappa values ranged
from 0.28 to 088 with USPHS and 028 o 088 with FDL considering each parameter separately. Inter-
examiner agreement for treatment decision was excellent for both criteria (Rappa: 0.85-0.00)0, For clinical
decision-making, no difference between criteria was found, irrespective of examiner, Conclusion: Low inter-
examiner agreement for evaluation of each parameter of USPHS and FDI criteria does not reflect on
reproducibility for treatment decision. Both eriteria may be suitable for evaluation of composite restorations
in primary teeth.

Reywords: Clinical Decision-Making; Dental Restoration Failure; Tooth; Deciduous,
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ARTICLE INF O ABSTRACT

Keywands: Background: Various technigues have been suggested to quantitatively assess tooth wear; most have limited
Toath wear clinical application. The first aim of this in vitro study was to estimate the residual enamel thickness of teeth with
Oeelusal wiear various degrees of occlusal wear using quantitative light-induced fluorescence (QLF). The second aim was to
"L"""ﬂ'-‘"'_"‘“m . Identify relationships between the Muorescence parameters of QLF and the conventional tooth wear index (TWI)
gi:nurmv: lightsinduced fluorescence system,

Methods: Sixty-nine extracted permanent premeolars and miolars with initial stages of tooth wear (TWI score 1a.2:
enamel wear to dentin exposure) were used, Two blinded and trained examiners participated in evaluation
procedures, Occlusal QLF-digital (QLF-IV) images were acquired for selecting area of interest (AOI) and calou-
lating fluorescence for occlusal tooth wear (AF,.., ) of the AQIL by the first examiner. Each specimen was cross-
sectioned in the buceal-lingual direction. Enamel thickness from images obtained by stereomicroscopy and TWI
of each sample was determined by the second examiner. Spearman correlation was used o determine the re-
lationship of AF,.. with enamel thickness and TWIL AF,.,, values were compared between histological scores
with the Mann-Whitney [J test.

Resilts: Seventy-six AQLs were analyzed. As enamel thickness decreased, AP, values significantly increased
and strongly correlated with enamel thickness (Spearman rho = -L825, P < 0.001). There were significant
differences in AF,.. values among TWI scores (FF = 0U001); AF e strongly correlated with TWI (Spearman
rho = 0L753, P o= 00001 )

Conclusions: AF,.. valees, which denote fluorescence difference by using QLF, showed a strong eorrelation with
residual enamel thickness and tooth wear severity.

1. Introduction healthy teeth increases. Therefore, problems of pathological tooth wear

are increasingly recognized [5,6]. Previous research has shown that

Teoth wear is the lrreversible loss of dental hard tissue by physical
and chemical factors [1,2]. The main cause of tooth wear is aging,
during which the effects of occlusion and mastication processes accu-
mulate. However, abnormal tooth wear due to excessive physical and
chemical stimulation is known as pathological teoth wear, Particularly,
dentin has a lower hardness than enamel, such that when the dentin is
exposed by tooth wear, the subsequent speed of the tooth wear rapidly
increases [2-4].

As life span lengthens, the importance of long-term maintenance of

ooth wear affects oral health-related quality of life, as well as psy-
chological characteristics [7.2]. Although it is possible to restore lost
dental hard tissue with prosthodontic treatment, restored teeth require
continuous monitoring and retreatment, Therefore, prosthodontic
treatment is not a treatment option to completely replace natural weeth
in terms of time and cost [9.10]. Therefore, to ensure long-term pre-
servation of natural teeth, it is essential to detect early stages of pa-
thelogical wear and provide preventive interventions (o inhibit or
postpone its progress, primarily by continually monitoring  and
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ARTICLE INFOQ ABETRACT

Keywards: Objectives: To assess the feasibility of detecting and monitering early erosive tooth wear using a 30 intraoral
Toath e scanner (I08) aided by specific software,

Toath ercsion Methods: Extracted sound permanent teeth were assembled in two shortened artificial dental arches and scanned
Imaging

at different intervals with an 108 (3Shape TRIOS* 3) before and after an erosion/abrasion protocol {le 1 hup to
24 h immersion in cdrie acid soluton and subsequent brushing). The 3D models obrained ar consecutive time
polnts were superimposed with the baseline model using dedicated software (38hape TRIOS® Padent
Maomitoring, version 2.1.1.0) and reference surface alignment. Surface profile differences between the baseline
30 model and the respective madels from different time points were expressed as tooth substance loss.
MNon-parametric tests were wsed to assess the significance of tooth substance loss at different time points.
Spearman’s correlation was applied between the tooth substance loss at the end of each erosion/abrasion cycle
and the immersion time in acid.
Rezules: Slgnificant tooth substance loss (0,08 mm, 108 = 0.05) was detected by the software after 3 h of erosive-
abrasive challenge (p = 0.045). The overall median los increased gradually from baseline to 24 h showing a
strong correlation with the immersion me in acid (F, =0.971, p < D01)
Conclusions: The wse of an 1035 aided by specific software showed good performance for early detection and
monitoring of tosth wear in vitre and has promising potential for in vive application,
Clinical significance; Detection and monitoring of early erosive tooth wear can be reliably aided by intraoral
scanning supported by specific software. The measurement error and uncertainty invalved in this method should
be taken Into conslderation when Interpreting the tooth substance loss measurements. Furthermore, presuming
the difficulty in defining reference surfaces in vivo, clinical validation is needed to determine the system”s in vivo
performance.

Three-dimensional
Diagnostic imaging

1. Introduction

Teoth wear is a multifactorial condition with increasing Incidence
globally, particularly in Western societies [1]. Early dewection and
monitoring of tooth wear remains extremely challenging using tradi-
tiomal clinical examination methods [2,3].

Clinical detection and diagnesis of toth wear is usually based on
visual examination of lesion characteristics, sometimes also supported
by the acquisition of clinical photographs and study models [3-5].
However, visual examination is subjective even when specific criteria
such as the Basic Erosive Wear Examination (BEWE) [6] are adopted, as
these have previously shown only moderate reproducibility when em-
ployed by general practitioners [7]. Furthermore, visual assessment
shows low sensitvity; teoth mineral loss s usually only visually per-
ceptible when a significant amount of hard dental tissue is already lost.

Another disadvantage of the visual examination is inability to quantify
tooth substance loss over time, a significant limitation when the activity
avd progression rate of the disease needs to be defined in order to de-
cide the patient's treatment plan [2].

A& number of methods other than visual examination have been as-
sessed to aid detection and/or quantification of tooth substance loss
[2,5], Numerous in vitre studies have emploved techniques including
guantitative light-induced fluorescence (QLF) [5-10], profilometry
[11-15], and optical eoherence tomography (OCT) [5,16]. Applying
these methads in vive is difficuly for example, the use of profilometry is
time-consuming as it requires obtaining physical models of the denri-
tion. QLF and OCT, although they can potentially be applied directly in
the mouth [17], show suboptimal reproducibility in longitudinal stu-
dies involving patients [2,3,5,18,19].

The use of 105 has been recently suggested for early detection,

* Corresponding author at: Department of Odontology, University of Copenhagen, Merre Allé 20 Copenhagen M, DE-2200, Denmark.
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Quantitative light-induced fluorescence technology
for quantitative evaluation of tooth wear
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Abstract. Various technologies used to objectively determine enamel thickness or dentin exposure have baen
suggested. However, most methods have clinical limitations. This study was conducted to confirm the potential
of quantitative light-induced fluorescence (CQLF) using autofluorescence intensity of occlusal surfaces of wom
teeth according to enamel grinding depth in vitro, Sixtean parmanent premolars were used. Each tooth was
gradationally ground down at the occlusal surface in the apical direction. QLF-digital and swept-source optical
coherence tomography images were acquired at each grinding depth (in steps of 100 gm). All QLF images were
converted to 8-bit grayscale images o calculate the fluorescence intensity, The maximum brightness (MB) val-
ves of the same sound regions in grayscale images before (MByaewine) and phased values after (MB,,.) the
grinding process were calculated. Finally, 13 samples were evaluated, MB,,.., increased over the grinding depth
range with a strong correlation (r = 0,994, P < 0.001). In conclusion, the fluorescence intensity of the teeth and
arinding depth was strongly correlated in the QLF images. Therefore, QLF technology may be a useful non-
invasive tool used to monitor the progression of tooth wear and to conveniently estimate enamel thickness.

& 2007 Sockety of Photo-Optical Inafrumentsbon Enginsers (SEIE) [DO1: 10111771 .JB0.22.12.121701)

Keywaords: toolh wear; occlusal wear, aslolucrescence; quantitative light-induced fluorescence,
Paper 17011955R received Feb. 22, 2017, accepted for publication Jun. 1, 2017; published online Oct. 17, 2017.

1 Introduction

Pathological tooth wear occurs  progressively  through  the
enamel and dentin layers by the interaction of mechanical
and chemical factors,'™ Tooth wear is an irmeversible loss con-
sisting of damage to the dental hard tissue. It can therefore affect
the lifespan of the entire dentition.’ The progression of woth
weear Lo the stage of dentin exposure without preventive manage-
ment or treatment reguires restorative reatment. This is because
the ensuing esthetic defect due to the loss of structural integrty
or discoloration increases dentin hypersensitivity and the nsk of
pulpal exposure. Once the restorative treatment commences, it
invalves a prolonged and continuous course. In addition, the
cost for the re-restoration and subsequent monitoring of the
restored damage and natural teeth is considerable.”™

Improvements in dietary or parafunctional habits and other
etinlogical factors by continuous counseling and education for
those at risk of developing pathological tooth wear or those who
already have progressive teeth wearing are necessary o avoid or
postpone the need for restorative treatment, Therefore, carly
diagnosis of tooth wear and monitoring of the process ane crucial
strategies, Finally, the goal of preventive interventions is to limit
the Inss of dental hard tissue to the enamel layer a5 much as
possible, 58

Indices based on subjective criteria using the naked eye and
measurements of the decrease in length of the incisor clinical
crown have been conventionally used 1o evaluate the severity

“Addrags all corresgandence by Baek-l Kim, E-rmail: dicbi@yuhs.ac Hoi-n
Jung, E-mait: junghoin @ yuhs.ac

Journal of Biomedical Optica
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of toeoth wear. However, these subjective criteria are not particu-
larly accurate or consistent becanse determining the presence of
dentin exposure or the remaining enamel depends on highly sub-
jective human decisions.™"” Furthermore, although the laser
strategy uses a relatively simple method w0 evaluate woth
wedr, it also has limitations in its reflection of the wear of
the palatal and posterior regions.”"!

Warows technologies for the observation of tooth structure
and the determination of decreased enamel thickness or wear-
induced exposure of dentin have been suggesied. These include
profilometry, microradiography, scanning electron microscopy,
and computer-aided design-computer-aided manufacuring laser
scanning, ™" However, most devices have clinical limitations,
These limitations include difficulty of use in the oral cavity, con-
siderable time requirements, and low resolution of images. ™"
Optical coherence tomography (OCT) is actively used in den-
tistry for the noninvasive observation of tooth structures,'®
Because enamel and dentin have different scatlenng properies,
OCT images can represent light-scattering intensity from differ-
ent layers of dental hard tissue and provide information regand-
ing enamel thickness,"" However, as the scanning range of OCT
is only a few millimeters, it is not sufficient to screen large or
multiple lesions in the dentition. In addition, image guality may
be degraded due to insufficient processing time when rapid
image acquisition is required.'

A previous study showed that teeth emit different fluores-
cence depending on the type and condition of the hard tisswes,
and particularly that of dentin, which emits a much more

1083-3660/ 201 752500 & 2017 SPIE

December 2017 = Vol, 22(12)



E SeNSors ‘ﬁﬁpy
o

Ariicle
Diagnosis of Occlusal Tooth Wear Using 3D Imaging
of Optical Coherence Tomography Ex Vivo

Misa Kashiwa ¥, Yasushi Shimada *%*, Alireza Sadr ¥, Masahiro Yoshiyvama 2
Yasunori Sumi * and Junji Tagami !

L Department of Cariology and Operative Dentistry Department, Graduate School of Medical and Dental

Sciences, Tokyo Medical and Dental University, 1-5-45, Yushima, Bunkyo-ku, Tokyo 113-8549, Japan;

kasope@tmd.acjp (MELY arsadr@wvedu (A5 ); tagami.ope@tmd.acyp (1.T.)

Department of Operative Dentistry, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,

Okavama University, 2-5-1 Shikata-cho, Kita-ku, Okayama 700-8525, Japan; yoshivam@md.okavama-u.acjp

Biomimetics Biomaterials Biophotonics Biomechanics & Technology Laboratory, Department of Restorative

Drentistry, University of Washington, 1959 NE Pacific Street, Seattle, WA 98195-7456, USA

4 Center of Advanced Medicine for Dental and Oral Diseases, Department for Advanced Dental Research,
Mational Center for Geriatrics and Gerontology, Aichi 474-8511, Japan; yasusumi@ncgg.gojp

*  Correspondence: shimada.ope@@okayama-u.acjp; Tel.: +81-86-235-6671

]

check for
Received: 21 September 2020; Accepted: 21 October 2020; Published: 23 October 2020 updates

Abstract: The aim of this study was to assess the utility of 30 imaging of optical coherence tomography
(OCT) for the diagnosis of occlusal tooth wear ex vivo, Sixty-three extracted human molars with
or without visible tooth wear were collected to take digital intraoral radiography and 3D OCT images.
The degree of tooth wear was evaluated by 12 examiners and scored using 4-rank scale: 1—slight
enamel wear; 2—distinct enamel wear; 3—tooth wear with slight dentin exposure; 4—tooth wear
with distinct involvement of dentin. The degree of tooth wear was validated by the histological view
of confocal laser scanning microscopy (CLSM). The sensitivity, specificity, and area under the curve
(AUC)of receiver operating characteristic analysis were caleulated. Diagnostic accuracy was compared
with the agreement with CLSM observation using weighted kappa. The results were statistically
analyzed at a significance level of o = 0L05, Three-dimensional OCT showed significantly higher
sensitivity (p < 0.05) for all the diagnostic thresholds of enamel wear and dentin exposure than
digital radiography (0.82, (.85, and (.79 vs. (154, 0.52, and (.57, respectively). Three-dimensional
CCT showed higher AUC and kappa coefficients than digital radiography (p < 0.05), where mean
ALUC and Kappa values were (0,95 and 0,76 for OCT and 0,92 and 0.47 for radiography, respectively.,
Mo significant difference of specificity was observed (p = 0.05). Three-dimensional OCT could
visualize and estimate the degree of tooth wear and detect the dentin exposure at the tooth wear
surface accurately and reproducibly. Consequently, a new guideline for tooth wear assessment can be
proposed using OCT.

Keywords: occlusal tooth wear; erosive tooth wear; 55-0CT; 3D imaging; enamel thickness;
dentin exposure; demineralization

1. Introduction

Tooth wear is defined as the loss of dental hard tissue by physical or chemical factors that
occur throughout life [1]. The progression of tooth wear is irreversible and its prevalence increases
with age [2,3]. The literature considers tooth wear resulting from a multifactorial etiology with
interactions of physical and chemical agents, Although the changes resulting from physiclogical
tooth wear are usually subtle and asymptomatic, excessive physical or chemical stimulation can lead
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Abstract

Dental wear rapresents an reversible losz of dental hard Gssue under the action of physical, chemical and mechanical factors, excluding
dental canes and acule trauma, Four cinical forms of dental wear are described: erosion, aftriion, abfrackon, and abrasion. Most experts agree
that in each cinical form muliiple efiological factors are involved, one beang predominant. Optical coherence tomograghy (CCT) is a non-
imvasive aplical method charactarized by a micronic resolution. The apphcations of tis ype of investigation are multiple = the medical field in
recent years, and OCT is gaining a growing mportance in dentisiry. The study pointed out through QCT imaging for the srosive tooth wear
lesion the existence of chemical aggression. with strong demineralization of enamel and dentin. For atiriion lesion, OCT images showed the
contribution of excessve foroe and friction movernents specific 1o bruxism. In abfracton, OCT image revealed the importance of the
mecharc factor in producing this form of footh wear and abrasion damage studied may be considered physiological, according to pafient age.
OCT examination may reveal existing lesions in hard dental fissues for each clinical form and could bring evidence en the mechanisms

imvalved.

Keywards: tooih wear, erosion, attrition, abfraction, abrasion, optical coherence tomography.

= Introduction

Tooth wear is a term referring to different processes,
which, either individually or in association, lead to the
irreversible loss of hard dental tissue [1]. Currently, the
iooth wear 15 considered as the result of three processes:
erosion {dissolution of hard tissue by acidic substances),
attrition {wear through tooth-tooth contact), and abrasion
(wear produced by interaction between teeth and other
materials) [2]. In addition, some authors appreciate that a
further process (abfraction) might potentiate wear by
abrasion and‘or erosion [1-3]. However, clinically it is
difficult (if not impossible) to isolate a single etiological
factor when a patient presents with tooth wear.

Tooth wear is an important dental lesion since it has a
high prevalence, it involves also decidual and permanent
teeth, sometimes in childhood, producing consequences
that affect the individual for the rest of his life, and forcing
the clinician to perform difficult and costly freatments [4-
6. Therapeutically difficulties are drifting from difficult
identification of the clinical subform of tooth wear and
from the burden of the restoration of the hard tissue loss,
with a high rate of failure [7, 8].

In order o specily the eticlogical factors and subfomms
of tooth wear, different techniques are developed to analyae
dental wear i vitro: microhardness, surface profilometry,
surface roughness, microradiography, atomic force micro-
scopy {AFM). AFM nanoindentation, scanning electron
microscopy (SEM), white light interferometry (WL,

confocal laser scanning microscopy (CLSM) [9-11].
Optical coherence tomography (OCT) is a new high-
resolution optical technigue that permits mimimally invasive
imaging of near-surface abnormalities in complex tssues,
provides real-time structural imaging, and is based on low
coherence mterferometry using broadband hight, Appli-
cation of OCT in dentistry was used for hard tissue but
also for soft tissue, oral mucosa and periodontal tissue.
Today, OCT could be wsed to detect gualitative and
quantitative morphological changes of oral tissues in viva,
and to diagnose incipient footh lesions as caries and
tooth wear, progression of periodontal disease and tooth
wear, and detecting oral cancer [12].

The aim of the study was to mghlight the morpho-
logical changes in tooth wear and microstructural tooth
changes of the wear surfaces by OCT,

& Materials and Methods
Tooth samples

One hundred and forty-seven teeth were extracted
from 98 patients in Prosthetic Clinic of the Faculty of
Dental Medicine, according to complex treatment plan for
which informed consent was recorded. The study was
approved by the Ethical Committee of the University of
Medicine and Pharmacy of Craiova, Romania, Twenly-
five teeth were selected from the extracted tecth. Selected
teeth were divided in five groups, four groups, one group
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Clinical Monitoring of Tooth Wear Progression in
Patients over a Period of One Year Using CAD/CAM
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Givan the subjective nature of currently available
tooth wear indices' and the limited evidence sup-
porting various tooth wear management approaches
and their long-term outcomes,”™ development of a
method for objectively quantifying tooth wear in vivo
is pertinent. Computer-aided design/computer-as-
sisted manufacture ([CAD/CAM] scanning can offer a
more accurate and reliable alternative for monitoring
tooth wear progression in patients.

The aim of this study was to clinically monitor the
progression of tooth wear over a period of 1 year in a
cohort of patients using a standardized three-dimen-
sional (30 scanning and assessment methodology.
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Purposa: The aim of this stidy was to clinically monitor the progression of tooth wear over a period
of 1 year in & cohort of referred tooth wear patients through the use of 8 computer-aidad design,
computer-assisted manufacture [CADSCAM) scanner and a standardized scanning/assessment
methodology. Materials and Methods: Polyether impressions were made of 11 participants (130
testh) at baseline and at 1 vear. Impressions were poured in type IV dental stone and the anterior
teeth were 30 scanned, A surface-matching software was used Lo compare 1-year and bassaline
scans and identify any dimensional differences. Reswlis: Parafunctional habits were reported by
all patients, Al participants exhibited tooth wear = 140 pm in depth and extending to = 280 Jm in

at least one tooth, Maxillary central incisors were the most commonly and severely affected testh.
Conclusion: The ability of the developad CAD/CAM scanning methodology in clinical manitoring
of tooth wear was demonstratad. Further research s neaded to assess its practicality m large-
scale epidemialogic tooth wear studies. ot Prasthodant 200 73070831548, dal TOLNG03G0 4950

Materials and Methods

Ethical approval was obtained from the West of
Scotland Research and Ethics Committee [REC:
10/50708/58, R&D Ref: GMN10DN412). Participants
were recruited between March 2011 and April 2012
through three restorative dentistry consultants” elinics
at Glasgow Dental Hospital and School. Participants
completed a guestionnaire addressing their medical
and dental history, lifestyle factors, habits, and diet.
Study inclusion criteria were as follows:

+ Consenting adults aged older than 16 years

+ Patients referred solely for management of tooth
wear

* Patients requiring management that only
involved monitoring of tooth wear, dietary advice,
oral hygiene instructions, and/or referral 1o
hypnotherapy

The accuracy of the scanning system (3D scanner
and dental stone casts) was previously assessed us-
ing a custom-made stainless steel model resembling
the dimensions of the dental arch.®

Initial and 1-year recall visits involved making poly-
ether impressions (Impregum Penta Soft, 3M ESPE) of
participants’ dentition. Retrieved impressions were vi-
sually inspected, and if deemed satisfactory, disinfect-
ed for 10 minutes (Perform-ID 3%, Schillke & Mayr).
After 24 hours, impressions were poured in 150 type
4 die stone [Suprastone, Kerr) mixed according to the
manufacturer's recommendations.

At 1 month postpouring, all anterior teeth were
contact scanned on the cast replicas using a CAD/

MLY.

Volume 30, Number 2, 2017 153
EH ER.



Tooth Wear Themed Issue

A guide to managing tooth wear:
the Radboud philosophy

B. Loomans"" and N. Opdam’

Fronddes an averview of the ghikssaphy and

the management of the Radbowd Tooth Wear
Project from monitaring and cownzeling 1o a ful
rehabilitation,

Emphasses the need of counselling and manitoring
to objectiely evaluate the progression of tooth wear
over fime and determire the patients’ commitment
for & possble restaratve renabiitation.

Nlustrates several renimally irashee and adbesive
restorative strateqies for the treatment of severe
toath wear patients,

This paper explains a conservative, pragmatic and minimally invasive intervention concept for the treatment of severe tooth
wear patients based on the Radboud Tooth Wear Project in the Netherlands, Guidelines and flowcharts for management
of severe tooth wear patients and rehabilitation in increased vertical dimension of occlusion are presented. We concluded

that: {a) Restorative treatment is not ahways indicated, even for patients with severs tooth wear. (b) If the patient has no
complaints, counselling and monitaring is probably the best cption, (<) Minimally invasive and adhesive restorative strategies
are preferred when severe tooth wear patients are to be treated in increased vertical dimension, especially when young

patients are involved. (d) Clirical evidence for a suitable restorative treatment protocol is limited to five-year follow up for

direct composites. This material seems to be suitable for rehabilitation in increased vertical dimension on the middle long
term. Clinical results for indirect technigues are not available yet, (g) Restorations, including those that are considered
‘definitive’ may prove to have a limited lifetime in patients with severe tooth wear due to bruxism and erosion. Explanation
of the possible treatment options and expected complications should be included in the informed conszent.

Introduction

Especially among younger generations, more
people are tending to keep their teeth for
life, resulting in teeth having to function for
80 years and more. As a result, tooth wear
may pose new challenges to the dental profes-
sion' as it scems to become more and more
common and is considered increasingly as
a concern in oral health, especially among
younger people.”™ However, while prevalence
of erosive tooth wear of permanent teeth in
children and adolescents is reported to be
309 the consequences, and especially severe
wear, for maintaining a dentition during
lifetime 15 not yet clear, Therefore, in 2012 the
‘Radboud Tooth Wear Project” was started at
the dental school of the Radboud University
Medical Center in Nijmegen, the Netherlands,
aiming o answer several questions:

Radboud Uriversity Medical Cemer, Dentistry, Ph. van
Leydenlaan 25, Nijmeqan, (525 EX, The Netherbnds
“Camespondence oo Bas Loomans

Emait bas.loemans@radboudumenl

Referesd Paper, Accegted 12 April 2017
OO0 10,103815) bdj, 2008.164

s Is tooth wear a continuous or eplsndi:
process?

« Is the stage of wear a predictor for future
wear and related to quality of oral health
problems?

+ Which actiological factors are responsi-
ble for those cases of tooth wear that are
threading for a lifelong maintenance of
quality of oral health?

»  [ftooth wear needs restorative intervention,
which restorative strategics are optimal for
these patients.

In this paper we will address these questions
and explain the Radboud philosophy on the
management of severs tooth wear from moni-
toring and counselling tooa full rehabilitation
based on principles of ‘conservative, pragmatic

and minimally invasive interventions,

Guideline for the management
of severe tooth wear

To help the general practitioner in the decision-
making process on the management of severe
weir cases, 3 decision flow chart was developed
in a recent European Consensus Meeting
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Crificial joumal of the British Dental Association

94

(Fig. 1)." The aim of this flowchart might help
the clinician to make the appropriate decision
and give treatment advice, from counselling
and monitoring towards restorative treatment.

Diagnosis of severe tooth wear

Tooth wear is often mentioned as ‘crosion),
indicating that it is the main responsible
factor. A more suitable term would be ‘erosive
tooth wear” or just ‘tooth wear, meaning that
also mechanical factors like attrition and
abrasion are important actiological factors
contributing to tooth wear, Especially in
cases of severe and pathological wear the
aetiology will be multifactorial in most cases.*
For diagnosis, one has to realise that tooth
wear is a phyvsiological process, while caries
15 a pathological process in itsell. As a result,
a diversity of tooth wear stages may be
observed in patients that can be considered
as expressions of physiological wear, In indi
vidual cases, also among younger patients,
tooth wear may become severe or pathologi-
cal, "Severe tooth wear” is defined as “tooth
wear with substantial loss of tooth structure,
with dentin exposure and significant loss
(21/3) of the clinical crown.” However, this
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Virat Kumar Hansrani

Abdullah Barazanchi, Dominic Laverty and Paul Brunton

The Use of Direct Resin Composite
Restorations in the Management
of Localized Anterior Tooth Wear:

a Clinical Update Part 1

Abstract: The aim of this article is to provide the reader with the necessary information to manage localized anterior tooth wear cases
successfully using minimally invasive and conservative methods in a general dental practice setting. This article will focus on the use of
direct resin composite restorations. It will provide an update on the different technigues available to restore anterior tooth wear using
direct resin composite and its method of application.
CPD/Clinical Relevance: Numerous epidemiclogical studies have reported tooth wear to be increasing in incidence amongst the general
population. This article aims to describe a methodical conservative approach for the management of worn teeth,

Dent Update 2019; 46: T08-720

Tooth wear is loss of hard dental tissue,
from causes other than bacterial
involvement such as caries, trauma or
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developmental disorders.™ Continuing
pathological tooth wear poses a risk to
both the remaining tooth structure and
pulpal health,

The definitions and causes
of tooth wear are briefly summarized in
Table 1. Patients tend to present with
evidence of multiple tooth wear types
due to the multifactarial zetiological
mature of tooth wear** Erosion is
regarded as the most significant
cause” These causes present with a
specific clinical presentation (Table 2).
An example of multifactorial tooth wear
is seen in Figure 1 a-c.

Epidemiological studies
in developed nations assessing the
extent and severity of tooth wear have
shown it ta be a common condition
which is increasing in both extent
and severity,” and is increasingly
presenting in younger patients.* With
the population retaining teeth for a

lenger perlod, significant numbers of
patients are presenting to general dental
practitionars and specialists requesting
treatment,"”

Management of tooth wear

A thorough history and examination,
including appropriate investigations,
should be carried out before considering
treatment, Emphasis should be on
identifying the aetiological factaors
involved in the tooth wear and
controlling or minimizing their effect

on the patient’s dentition. This is an
acceptable treatment plan in patients
presenting with minor tooth wear

which has not yet resulted in clinical
symptoms, aesthetic or functional
problems. Where tooth wear has resulted
in clinical signs and symptoms related

to function and/or aesthetics, active
restorative intervention may become
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Abstract

Background: A manifold increase in the consumption of aerated beverages has witnessed a twin increase in tooth
wear and raised demand for esthetic restorative materials, This study aimed to evaluate the surface microhard-
ness changes of esthetic restorative materials following treatment with aerated beverages in an in-vitro situation,
Materials and Methods: The initial surface microhardness of the restorative materials GC Fuji [T LC, GC Fuji IX,
Mano Glass ionomer, Resin and Nano composite was recorded. These materials were studied under 3 groups that
included those exposed to the acidic beverages daily, weekly once in a month and those that had no exposures at
all. The final surface microhardness of the materials was recorded following experimentation and was subjected 1o
statistical comparisons.

Results: The restorative materials were compared for their surface microhardness changes following respective
treatments using the T-test and One-way ANOVA analysis. Inter-comparisons between the groups showed statis-
tical significance (p<.03), when treated with both the beverages, The five restorative materials revealed surface
microhardness loss; the maximum reduction noticed with the Nano glass ionomer cement tested (p<.0005).
Conclusions: The surface microhardness of restorative materials markedly reduced upon repeated exposures with
acidic beverages; the product with phosphoric acid producing the maximum surface microhardness loss.

Key words: Restorative materials, acidic beverages, surface microhardness, resin composites, glass ionomers,

Introduction Esthetic restorative materials are marketed in various
Excessive consumption of acidic food and beverages, or  types with different physical characteristics and colors,
unusual eating and drinking habits such as sipping an However, under acidic conditions, all dental restorative
acidic drink over a long period of time have proven to materials have shown degradation over time (2). Diete-

increase the acid challenge to teeth (1), However, the rioration at low pH, low resistance to wear and high te-

extent of impact of acidic interactions in the oral envi- chnique sensitivity are few reported drawbacks of glass

ronment is not yet conclusively established. ionemer cements. Studies on organic acids of plagque
El
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The restorative management of tooth wear
involving the aesthetic zone

S. B. Mehta*'? and S. Banerji**

Outines the protocol for carrying out a systematic Descrives the dlinacal technigues for helping 1o Overviews the data for the success and sureaal of
assessment of the aesthetic zone for a patient establish a predictable sesthetic- functicnal outcome restorationsirestorative materials used 1o manage
with toathwear when attempting to restore wom down teeth in the tooth wear affecting the aesthetic zone

aesthetic zone,

The aim of this article 1s to describe a systematic approach that facilitates the establishment of a clear and appropriate
diagnosis when a dentate patient presents with tooth wear involving their aesthetic zone, It will also detail the protocols
that are required to allow for the development of an acceptable aesthetic prescription within the limits of the functional
constraints presented by the patient (where active restorative intervention may be indicated), as well as to communicate the
manner by which this information can be transferred to ultimately enable the successful and predictable rehabilitation of the
affected areas. An overview will also be provided of the tooth-coloured dental materials and restorative techniques that have

been commonly applied to deliver the predictable and effective dental care of worn teeth in the aesthetic zone

Introduction

The term aesthetic zone (also known as the
smile zone) is frequently applied in the dental
literature, and is used to refer to all of the
hard and soft tissues that are visible when the
patient makes a broad smile.! Among more
severe cases of tooth wear, the effects of the
actiological processes leading to the irrevers-
ible loss of the dental hard tissues can have
a dramatic cffect upon the patient’s aesthetic
zone, as shown in Figure 1.

Given the increasing prevalence of tooth
wear, with the UK Adult Dental Health Survey
of 2009 reporting 77% of the 6,469 participants
examined showing signs of tooth wear at their
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Aesthaty Dentistry, King's College Landon, Dental Institute
Conservative & MI Dentistry, Unit of Distance Learning
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Referesd Paper,
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Fig. 1 An example of a patient with severe tooth wear. This patient unsurprisingly,
presented complaining with concerns primarily relating to their aesthetic appearance

anterior teeth (compared with 66% in 1989), it
18 likely that dental practitioners will be seeing
a steady increase in patients presenting with
tooth wear, with specific concerns relating
the effects of tooth wear on their oro-facial
appearance. This aspect was emphasised as
part a study by Wazani ef al.* involving the
retrospective evaluation of the clinical records
of approximately 300 patients referred to a
UK-based University Dental Hospital for the

BRITISH DENTAL JOURNAL | VOLUME 224 NO. 5 | MARCH & 2018
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condition of tooth wear, Aesthetic concerns
were reported to be the most prevalent cause
for the presenting complaint {59%), followed
by sensitivity (40%), functional problems
(17%) and pain {14%). Similar outcomes
in relation to impact of alterations in dental
appearance were reported by Al-Omiri ef al.,!
with aesthetic concerns being the most likely
presenting complaint for patients suffering
from the effects of tooth wear,
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Cementation of ceramics and
indirect composite resin to enamel
and dentin using different
resin-based cements — Shear bond
strength

Cimentacdo de ceramica e resina composta indireta ao esmalte a dentina
usando diferentes cimentos resinosos - resisténcia ao cisalhamento
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Abstract

Obfeciive: To evaluale the shear bond strengih of three
different resin cements: self-etching (P, elch-amd-rinse
(R} and self-achesive (L), to enamel and dentin using two
Iypes of restorative materials, Methads: One hundred
twenty bovine incisors had the buccal surface ground
o obiain a flat and smooth surface of approximately 25
mny Half of the specimens had the enamel exposed (E,
and the other half had the dentin exposed (D), An ad-
hesive tape with a 3 mm-diameter avifice delimited the
bonding area. Sixty 3 x 3 mm lithivm disilicate glass-
ceramic cylinders (C) and 60 indirect compeasite resin
cylinders (K} were cemented to enamel or dentin using
three types of resin cements, resulting in 1.2 experimen-
tal groups represented by symbols allusive o treatment
provocols: PEC; PER: POC; PDR; REC: RER; ROC: RDR;
UEC; LER: UDC: and UDR. Shear bond strength test
was performed with a crosshead speed of 0.5 mmymin.
The data were subjected to ANOVA and Tukey's test
with a significance level of 5%, Results (MPa = DPX
the highest mean value obtained, REC group (17,46
3.29), differed significantly from others, except for the
FEC growp (14,60 + 5,880, Among the groups with lower
maan values, there was a predominance of those where
the indirect rasin was wsed regandless the substrate and
type of resin cement, and the UDR group (1.03 £ 1.03)
was statistically different from the others. Conclusion:
in this study, all three experimental variables tested in-
flrenced the shear bond strength of tooth-cement-resto-
raticn interfaces,

Kewworels: Dental cements. Ceramics. Composife re-
sins. Shear stremgth. Dental materials.

Introduction

Dental esthetics has been given great emphasis
in modern restorative dentistry, Dental materials
are given much credibility when they show both
functional and esthetic results, which in turn im-
prove the quality of the treatment and patients’ ge-
neral oral health®,

Adhesive materials have dramatically transfor-
med dentistry, not only in terms of conservation of
tooth structure due to less invasive procedures, but
also for allowing bonding between indirect restora-
tion= and the tooth**.

When the dimensions of the prepared cavity
exceed the safe parameters for direct restorations,
the use of indirect ones is a viable alternative, whi-
ch will also help to strengthen the remaining tooth
structure due to bonding mechanisms?. Amongst
such restorative materials are dental ceramics and
indirect composite resins,

Indirect composites can offer good posterior es-
thetics in case of large restorations®. In addition,
they show lower polymerization shrinkage and
other improved characteristics when compared to
direct composites. Laboratory phases and higher
costs are some of the disadvantages associated to
indirect composites™©,

Dental ceramics show various desirable charac-
teristics, such as biocompatibility, high compres-
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Marginal fit of indirect
composite inlays using
a new system for
manual fabrication

ABSTRACT

Aim This in wiro study compares a new system for
manual chair side fabrication of indirect compaosite
rastorations, which uses siicone models affer alginate
impressions, fo CADYCAM-technology and laboratory
manual production techmigues.

Methods and study design Each 10 compasite
infzys were fabncated using different types of
praduction  techniques: CADICAM-technology (A},
the new inlay systerm (B), plaster model after alginate
impression (C) or siicone impression (D). The infays
were adapted info a metal footh and sificone replicas of
the cement gaps were made and measured, Statisical
analysis was performed using ANOVA and Tukey's test.
Results and Statistics In group A the biggest
marginal gaps (1749 pm + 106.2 pm) were found. In
group B the gaps wene significantly smalier (119.5 um +
0.6 pm) than in group A (p=0.035). Batween grougs
C (64.6 pm + 68.0 pm) and D (58.2 pm + 61.7 ym)
no significant differences could be found (p=0.998),
but the gaps were significantly smaller comparad with
grop B,

Conclusion Chairside manufactuning of compasite
infays reswlted in better marginal precision than CADY
CAM technology. Jn companson to build restorations
in a laboratory, e new system s a fimesaving and
inexpensive alternative. Nevertheless, production of
indirect composite restarations in the dental laboratory
showed the highest precision,

Keywords CAD/CAM technology: Composite inlays;
indirect composite restorations; Marginal fit
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Introduction

The concept of minimally invasive therapy has become
an important strategy in modern dentistry [Tassery et
al., 2013; Walsh and Brostek, 2013). Composite 5 an
established material to fill small cavities, When children
or disabled patients are treated, the treatment often has
to be performed within a short time. The application
of direct composite restorations can be very difficult
in these situations. The main problem is to maintain a
sufficiently dry field during the complete application time
of the composite, Perugia et al. [2013] conclude that
the method of immediate dentin sealing is sufficient for
adhesive luting of indirect composite restorations. They
found good hybrid layer with good adhesion properties
after immediate application of dental adhesives before
taking  impressions.  Furthermore  polyrmerisation
shrinkage of direct restorations i a persistent problem
[Mantri and hantri, 2013; Garcia et al., 2014; Bortolollo
et al, 2012]. These problermns might be reduced by the
use of indirect fabrication of restorations. This procedure
has been discussed in literature since the 1980s [Robinson
et al., 1987; Cassin and Pearson, 1992; Plasmans et al,
1992 Cetin et al, 2013]. In 1992 FMasmans et al. [1992]
studied the fabrication time which was needed to build
indirect compaosite restarations using the ICS system. The
overall mean time was 120 min. Mendonca et al_, [2070]
also evaluated the clinical success of direct and indirect
composite restarations. After one year both types of
restorations showed excellent dinical performance. In
2013, Cetin et al, evaluated the dinical success of direct
and indirect composite restorations in posterior teeth after
5 years using the USPHS criteria and found no significant
differences between both groups.

Because of the development and improvement of
materials characteristics of modern composite-materials,
indirect composite restorations attract interest again,
especially in the field of paediatric dentistry as the
working time in the patients mouth can be reduced
[Perugia et al, 2013; Koyuturk et al, 2013]. Moreover,
in addition to a high survival rate, Koyuturk et al.[2013]
found no significant differences in the survival rates
betwesn direct and indirect composite  restorations,
but direct restorations showed significantly  higher
values for marginal inaccuracy after six month.  For
the fabrication of indirect restorations, such as crowns,
brdges or inlays, impressions are wsually taken with
silicone to obtain plaster models of the clinical situation.
Howvever, the high accuracy of silicon impressions needs
sufficient patient’s compliance. If children or special need
patients are treated, this compliance rmight be reduced.
An insufficently dry field or movements of the patient
during the setting time of the silicone can significantly
dirminish the quality of the imprassion. This problem can
be overcome by using alginate as impression material.
Guiraldo et al, [2012] found dinically acceptable detail
reproduction and dimension accuracy on plaster-maodels

223



DENTAL-Z816; Mo, of Pages?

DEHTAL MATERIALS XXX ::‘:’.ll'ﬁ-:l XX EI-XHN.EQ

Ayafiable sniine alf wyy.aciencediech con

ScienceDirect

journal homepage: www.intl.elsavierhealth.com/journals/dema =" LT

Wear, strength, modulus and hardness of
CAD/CAM restorative materials

Nathaniel C. Lawson®*, Ritika Bansal®, John O. Burgess®

# Division of Biomaterials, University of Alabamo at Birmingham School of Dentistry, Birmingham, AL, USA
Y Indigna University School of Dentistry, Indianapolis, 1N, US4

ARTICLE INFO

Article history:

Received & March 2016
Received in revised form
11 May 2016

Accepted 26 August 2016
Available online xxx

Keyuserds:
CADSCAM
Flexural strength
Elastic modulus
Hardness

Wear

Enamel

ABSETEREACT

Objective. To measure the mechanical properties of several CAD/CAM materials, including
lithium disilicate {e.max CAD), lithium silicatefzirconia (Celtra Duo), 3 resin composites
{Cerasmart, Lava Ultimate, Paradigm MZ100), and a polymer infiltrated ceramic (Enamic).
Methads. CAD/CAM blocks were sectioned inte 2.5mm = 25mm = 16mm bars for flexural
strength and elastic modulus testing and 4mm thick blocks for hardness and wear test-
ing. Emax CAD and half the Celtra Duo specimens were treated in a furnace. Flexural
strength specimens (n =10} were tested in a three-peint bending fixture. Vickers microhard-
ness (n=2, 5 readings per specimen) was measured with a 1kg load and 15 s dwell time.
The CADVCAM materials as well as labial surfaces of human incisors were mounted in the
UAE wear device. Cusps of human premolars were mounted as antagenists. Specimens were
tested for 400,000 cycles at 20 N force, 2 mm sliding distance, 1Hz frequency, 24°C, and 33%
glycerin lubrication. Volumetric wear and opposing enamel wear were measured with non-
contact prefilometry. Data were analyzed with 1-way ANOVA and Tukey post-hoc analysis
{alpha =0.05). Specimens were observed with SEM.
Results, Properties were different for each material (p-=0.01). Emax CAD and Celtra Dug
were generally stronger, stiffer, and harder than the other materials, E-max CAD, Celtra
Due, Enamic, and enamel demonstrated signs of abrasive wear, whereas Cerasmart, Lava
Ultimate, Paradigm MZ100 demoenstrated signs of fatigue,
Significance. Resin composite and resin infiltrated ceramic materials have demonstrated ade-
quate wear resistance for load bearing restorations, howevet, they will require at least similar
material thickness as lithium disilicate restorations due to their strength.

£ 2016 The Academny of Dental Materials. Published by Elsevier Ltd, All rights reserved,

1. Introduction

A recent study reported that lithium disilicate was chosen
as the material of choice for 20% of surveyed dentists for
posterior crowns and 55% of dentists for anterior crowns
[1]. When used with in-office CADVCAM systems, lithium

dizilicate materials, such as emax CAD (Ivoclar Vivadent,
Schaan, Lichtenstein), are provided to the dentist in a soft-
ened state to expedite milling. After milling, this material is
crystallized in a furnace to improve its mechanical properties,
In arder to save the cliniclan time, new CAD/CAM restorative
materials have been introduced which do not require heat
treatment to achieve acceptable strength.

* Corresponding author at: 803 5DB, 1720 Znd Awve, 5., Birmingham, AL 352594-0007, USA. Fax: +1 205 975 5108,
E-mail address: nlawson@uab.edu (M.C. Lawson).
httpefds.dolorg/ 10,1016/ dental 2016.08,222
0109-5641/& 2016 The Academy of Dental Materials. Published by Elsevier Lid, All rights reserved.
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Dental ceramics: a review of new
materials and processing methods

Abstract: The evolution of computerized systems for the production of
dental restorations associated to the development of novel microstructures
for ceramic materials has caused an important change in the clinical
workflow for dentists and technicians, as well as in the treatment options
offered to patients. New microstructures have also been developed by the
industry in order to offer ceramic and composite materials with optimized
properties, Le, good mechanical properties, appropriate wear behavior and
acceptable aesthetic characteristics. The objective of this literature review
is to discuss the main advantages and disadvantages of the new ceramic
systems and processing methods. The manuscript is divided in five parts:
I} monolithic zirconia restorations; 1I) multilayered dental prostheses;
1) new glass-ceramics; V) polymer infiltrated ceramics; and V) novel
processing technologies. Dental ceramics and processing technologies
have evolved significantly in the past ten years, with most of the evolution
being related to new microstructures and CAD-CAM methods. In addition,
a trend towards the use of monolithic restorations has changed the way
clinicians produce all-ceramic dental prostheses, since the more aesthetic
multilayered restorations unfortunately are more prone to chipping or
delamination. Composite materials processed via CAD-CAM have become
an interesting option, as they have intermediate properties between
ceramics and polymers and are more easily milled and polished.

Keywords: Ceramics; Dental Materials; Dental Porcelain;
Computer-Aided Design; Composite Resins,

Introduction

The evolution of computerized systems for the production of dental
restorations associated to the development of novel microstructures for
ceramic materials has caused an important change in the clinical workflow
for dentists and technicians, as well as in the treatment options offered
to patients. One of the most important changes in this scenario was the
introduction of monolithic restorations produced from high-strength
ceramics, like zirconia. This concept per se is not new, since ceramic
materials have been used for a relatively long time for the production of
monolithic restorations, but it was only when zirconia started to be used
to produce full-contour crowns that dentists and technicians became
more confident to indicate a ceramic material for crowns and bridges in
the posterior region.
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Microstructural analysis of restorative materials submitted to acid
exposure
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ABSTR ACT

The study aimed to evaluate, through surface roughness and microhardness tests, the amount of damage caused by
hydrochloric acid to restorative materials, Five different materials were used: direct compaosite resin (2 350, indirect
composite resin {Resilab Master), conventional glass-ionomer cement (GIC) (Vidrion R}, resin modified GIC (Vitremer}
and ceramic (Empress [1). Twenty one specimens of each material were constructed and had their initial roughness
and microhardness evalusted. Sixteen specimens of each material were immersed in a gastric fluid without enzymes
simulating acid cpizodes. Other 5 specimens of each material were immersed in artificial saliva (control groups). After
T days of immersion, the specimens had their surfaces evaluated again. Then, after another 21 davs of immersion the
specimens were submitted to a third mensuration. One specimen at each stage of the research was subjected to analvsis in
seanning electronic microscopy, The samples demonstrated changes in roughness and microhardness after the immersion
of the restorative materials in the acid solution, The rowghness resulis showed that for both glass lonemer cemenis, there
wias a significant difference between the first and last reading, with an increase in their roughness. In ceramic and direct
resin materials, no significant difference ameng the periods was observed. Concerming o microhardness, the behavior
of the materials showed a tendency towards decreasing hardness, The results showed the degradation of the restorative
materials when exposed 1o acid episodes.

K EvwioRDs

Restorative materials, acid erosion; roughness; microbardness,
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Abstract

Diagnosis and Treatment planning for erosive tooth wear patient are not an easy task. The first step of treatment for this type of
cases should be started with knowing the cause and try to treat it. However, treating this type of cases ranging from a simple direct
restoration to a full mouth rehabilitation. With advancement of technology and material we are able nowadays to provide our pa-
tients with a conservative tvpe of treatment which work as well as other type of treatment like what we did in this case. In this case
report we will discuss a conservative approach for treating a patient who is diagnosed with erosive tooth wear

Kevwords: Conservative Approach; Erosive Tooth Wear; Erasion; emax; Bonding

Introduction

The progressive loss of dental hard tissues from causes other than dental caries, trauma or as a result of developmental disorders is
known as Tooth wear [1]. There are many causes for tooth wear ranging from attrition (tooth loss due to tooth-to-tooth contact), abrasion
(tooth loss due to mechanical tooth contact with other materfals), Ablation (tooth loss due to hyperactivity of soft tissue), erosion (tooth
loss due to chemical action) or it can be multifactorial [2-4]. Tooth wear can be regarded as pathological if the teeth become so worn that
they do not function effectively, The distinction of acceptable and pathological wear at a given age is based upon the prediction of whether
the tooth will survive the rate of wear [1]. Proper management of erosive tooth wear patient is difficult and complex. The first step in the
management of this type of cases is to determine the etiology in order to get the most predictable outcome. Detailed dental and medi-
cal histories with meticulows elinical examination are crucial to identifying the causes of dental erosion [5-7]. [Uis commonly assumed
that extensive occlusal wear results in decreased occlusal vertical dimension. But there is no definitive evidence to support this concept.
Therefore, it is critical to verify loss of occlusal vertical dimension (0VD). Turner [8] have been classified the patient with excessive tooth
wear into 3 categories:

I.  Excessive wear with loss of OVD,
. Excessive wear without loss of OVD but with space availahle

. Excessive wear without loss of OWD but with limited space

5o, careful evaluation of etiology, history, and factors relative to OVD are essential to appropriate treatment planning. Nowadays, ad-
vancements of technology in dentistry have made possible the forming of dental restorations with high-performance materials that could
not be easily shaped with conventional methods, Many of these materials can be adhesively bonded to the tooth allowing for less invasive

Citation: Khaled Alzahrani, "Conservative Approach for Treating Erosive Tooth Wear Patient : A Clinical Report”, EC Dental Science 15.5
(2017): 152-163.
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REVIEW

Tooth wear against ceramic crowns in posterior region: a
systematic literature review

Rim Hmaidouch and Paul Weigl

The objective of this systematic review was to assess tooth wear against ceramic crowns in posterior region in vitro and in wivo. An
electronic PubMed search was conducted to identify studies on tooth wear against ceramic crowns in posterior region. The selected
studies were analyzed in regard to type of crowns, natural antagonist, measuring protocol and outcome. From a yield of 1 000 titles, 43
articles were selected for full-text analysis; finally, no in vifro and only five in vivo studies met the inclusion critenia. As there is
heterogeneity in design, used measuring method, ceramics and analysis-form, a meta-analysis was not possible. Results of these
studies are very controversial which makes a scientifically valid comparison impossible. This review indicated that some all-ceramic
crowns are as wear friendly as metal-ceramic crowns. Up to now, it has been impossible to associate tooth wear with any specific causal
agent, The role of ceramic surface treatment that might be responsible for the changing in rate of tooth wear seems undetermined as yet
through clinical trials. The literature reveals that studies on this topic are subject to a substantial amount of bias, Therefore, additional
clinical studies, properly designed to diminish bias, are warranted.

International Journal of Oral Science (2013) 5, 183-190; doi: 10.1038/j0s.2013.73; published anline 18 October 2013

Keywords: all-ceramic; crowns; tooth wear

INTRODUCTION

Wear of tooth structure is a natural unavoidable process which oceurs
when tooth and tooth, or tooth and restoration are in contact and slide
against each other, However, this natural process may be accelerated
by the introduction of restorations whose properties of wear differ
from those of the tooth structure that they slide against, 1t has been
shown that enamel may be subject to accelerated wear when opposed
by ceramic.' Therefore and despite the truth that a constant wear of the
entire dentition iz possible independent of dental restorations,” it is
desirable that wear behavior of restorative materials is similar to na-
tural enamel, because excessive wear could lead to clinical problems
such as damage of teeth occluding surfaces, loss of vertical dimension
of acclusion, poot masticatory function associated with tempaoroman-
dibular joint remodeling, dentine hypersinsivity or death of the teoth
and at least may lead to esthetic 1'1'|1.pr|i1'|11£;nt.3'i

[n the oral cavity, many factors contribute to the wear of enamel and
dentin, such as the nature of the occlusal contacts with antagonist teeth
(attrition), chewing of food items, tooth brushing with toothpaste,
inhalation of dust {abrasion ), acidic attack due to the consumption of
certain fruits and beverages, inhalation of industrial acids or vomiting
and regurgitation of gastric juice as in the case of bulimia and anorexia
nervosa (corrosion).”

In order to observe and assess wear, it is necessary to understand
tooth wear mechanisms and how it can be measured and evaluated,
hoth clinically and in the laboratory, The terms abrasion, attrition and
even corrosion were often used to identify the same thing which is the

tooth wear caused maostly by alimentation and utilities use. Contrary,
nowadays there is an agreement that the terms, abrasion, attrition and
corrosion describe different mechanisms.

Attrition: tooth-to-tooth contact canses this form of wear, this
occurs without the presence of food or foreign substances during
deglutition and clenching: it is tvpically characterized by the facets
on a tooth and the opposing tooth. It becomes more serious during
bruxism,”

Abrasion: 15 the wear caused by friction between a tooth and an
exogenous agent, The ‘masticatory abrasion’, usually occurs by fric-
tion from the food and abrasion, which 1s a result of bad oral habits
such as nail biting or hard objects such as pens, pencils or pipes,
opening hair pins with teeth, Oecupational abrasion may oceur among
hairdressers because of opening hair pins with their tecth, tailors
through cutting thread with their teeth, shoemakers who hold nails
between their teeth and musicians who play wind instruments.

Tooth-cleaning, habits such as extreme tooth brushing, improper
use of dental floss and toothpicks are the most common cause of
abrasion. Even normal tooth-cleaning practices produce some abra-
sion of dentine over a lifetime. In Western populations, the major
abrasive agent is toothpaste, which affects dentine much more than
enamel.” Tooth brushing without paste has no effect on enamel and
clinically negligible effects on dentine.”

Corrosion: Is the loss of tooth surfaces caused by chemical dissolu-
tion without the involvement of plaque, Depending on the source of
the acids causing the dissolution, there are two types of corrosion,

Department of Prosthodontics and Geriatric Dentistry, Johann Walfigang Goethe University, Frankfurt, Germary
Correspandence: Dr R Hmaidowch, Departrment of Prosthodontics and Geriatric Dentistry, Johann Walfigang Goathe Univarsity, Theodor-5tern-Kai 7, Frankfurt 60596, Germany

E-mail: Hmaidouwch@med.uni-frankiurt.de
Raceivad 24 May 2013, accepled 13 Auges! 2013
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Abstract

pratagonists of the prosthetic scene

over time,

Background: The introduction of the new generation of particle-filled and high strength ceramics, hybrid composites
and technopalmers in the last decade has offered an extensive palette of dental materials broadening the clinical
indications in fixed prosthodontics, in the light of minimally invasive dentistry dictates, Moreowver, last years have seen
a dramatic increase in the patients’ demand for non-metallic materals, sormetimes induced by metal-phobia or alleged
allergies. Therefore, the attention of scientific research has been progressively focusing on such materials, particulary
on lithium disilicate and zirconia, in order to shed light on properties, indications and limitations of the new

Methods: This aricle is aimed at providing a narative review regarding the state-of-the-art in the field of these
popular ceramic materials, as to their physical-chermical, mechanical and optical properties, as well as to the proper
dental applications, by means of scientific literature analysis and with reference to the authors' clinical experience.

Results: A huge amount of data, sometimes conflicting, is available today. Both in vitro and in vivo studies pointed
out the outstanding peculiarities of lithiurm disilicate and zirconia: unparalleled optical and esthetic properties, together
with high biocompatibility, high mechanical resistance, reduced thickness and favorable wear behavior have been
increasingly orentating the clinicians’ choice toward such ceramics,

Conclusions: The noticeable properties and versatility make lithium disilicate and zirconia materials of choice for
modern prosthetic dentistry, requiring high esthetic and mechanical performances combined with a minimal
invasive approach, so that the utilization of such metal-ree ceramics has became maore and more widespread

Keywords: Lithium disilicate, Zirconia, ZLS, Ceramic, Minimally invasive, Emax, MDP, Aging, Translucent cubic zirconia

Background

At “The Digital Dentistry Society Il Consensus Confer-
ence on Digital Technologies — Marrakech 2018 the
main topics of digital interest were thoroughly discussed,
in order to draw clinical recommendations based on
scientific evidence and, when missing, on the clinical
experience shared by the scientific community, The
present narrative review is focused on the technical and
clinical profile of the two most popular metal-free mate-
rials, lithium disilicate and zirconia, in order to brielly

* Comespondence; manadimaura®dggmail com

This Manuscript is considened to be as part of - “The Digital Dentistry Society
Il Consansus Conference on Digital Techsologies - Martakech® themaric
SEries.

Department of Neurascences, Reproductive and Odontostomatalogical
Sciences, Uiniversity "Federics 17 of Maples, Viake Pansini, 5 - 83131 Naples,
fraly

B BMC

shed light on their different indications, advantages and
shortcomings.

Methods

An extensive research has been carried out in the
literature available on the subject, worldwide, limiting
itself exclusively to articles in english, available on the
main search engines (Pubmed, Embase, Scopus) and
published in the most important indexed journals of
the Materials and Dental sector, with and without
impact factor. The results highlighted in this narrative
review were extrapolated from this literature search,
with reference to the authors' clinical experience.

@ The Author(z) 2019 Gpen Access This artick is distributed under the terms of the Creative Commans Attibution 4.0
International License (hitpetfcreativecommons.ong/icenses/by.0d, which permits unrestictad use, distribution, and
raprodductian inoany redium, provided you ghe appopriste credl to the amginal authars) and the souce, prowide a ink 0

ther Creatie Commions license, and indicate iF changes were made, The Creative Commons Pubbic Dormein Dedication waier
(httpYoreativecommons.orgdpublbcdomaindzersd't V] applies to the data made avalable in this artide, unless othervise stated,
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Antagonist enamel wear of tooth-supported monolithic
zirconia posterior crowns in vivo: A systematic review
Min Gou, BDS, DDS,” Helin Chen, BDS, DDS,” Jian Kang, DDS,” and Hang Wang, BDS, DDS, PhD"

Ceramic restorations have
become increasingly popular
because they are metal free
and have excellent esthetics
and biocompatibility." How-
ever, veneered ceramic resto-
rations have a high incidence
of chipping and delamination,
which are the main causes of
failure.” The reasons for chip-
ping and delamination include
the mismatch of thermal co-
efficients between the zirconia
framework and veneer and the
fast cooling rate.” Although
the incidence of chipping can
be decreased by reducing the
cooling rate of porcelain,
translucent monolithic zirco-
nia restorations without any

ABSTRACT

Statement of problem. An assessment of the evidence for the antagonist enamel wear of tooth-
supported monolithic zirconia posterior crowns is lacking.

Purpose. The purpose of this systematic review was to identify and summarize clinical studies
related to the antagonist enamel wear of tooth-supported monolithic zirconia posterior crowns.
Material and methods. PubMed, Embase, and Cochrane library searches were performed and

complemented by manual searches from database inception to December 25, 2017, for title and
abstract analysis.

Results. Initially, 198 articles were obtained through database searches. Twenty-one articles were
selected for full-text analysis, and 5 studies met the inclusion criteria. Because of the
heterogeneity in design, surface treatment, measurement methods, and wear parameters, a
meta-analysis was not possible. The selected studies were analyzed regarding the antagonist
natural enamel wear of zirconia, measurement methods, and surface treatment. The results of
the antagonist enamel wear varied widely, which made comparing them scientifically with
absolute values difficult.

Conclusions. This review indicated that the antagonist enamel wear of zirconia was similar to or
mare than that of natural teeth but less than that of metal-ceramics. Additional properly designed,
longer follow-up clinical trials with larger sample sizes are needed to evaluate the antagonist
enamel wear of monolithic zirconia crowns in vivo. (J Prosthet Dent 2018 m:-8)

veneering have become more popular. However,
monolithic zirconia restorations have high strength and
hardness. Therefore, the abrasion between the zirconia
and the opposing natural tooth caused by high hardness
and surface roughness is a concern.” '

Dental wear involves different factors and can lead to
loss of occlusion height, poor esthetics, increased
tooth sensitivity, reduced masticatory function, and

temporomandibular joint dysfunction (TMD)." '*** The
mechanism of wear involves 3 processes: erosive wear is
caused by dissolution of hard tissue by acidic substances;
abrasive wear is the interaction of 3 materials including
teeth and another material, such as food; and attrition is
caused by tooth-to-tooth contact (2-material wear). The
3 processes rarely act alone but combine to contribute to
tooth wear,'*
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The management of tooth wear with crowns and
indirect restorations

5 Varma,*' A, Preiskel' and D. Bartlett!

The raticaale for usng crowms when composites
continualy fail.

Irdications and managerment for crawn lengthening
of wom teeth,

Material options for definithe arowrs in the
treatment of tooth wear.

This manuscript summarises the reasons behind choosing indirect restorations in the treatment of tooth wear. The purpose
of this article is to discuss the use of crowns as a restorative treatment option for tooth wear. There are also challengeas with
the use of composites as they can repeatedly fail and in these situations the indications for crowns for treatment of tooth
wear is worthy of consideration. This article is part of a themed issue discussing the management of tooth wear.

Introduction

Tooth wear is a multifactorial disease, and
the risk factors, prevention and management
with composite resins have been discussed in
previous papers.'! The purpose of this article
is to discuss the use of crowns as a restorative
treatment option for tooth wear. There are also
challenges with the use of composites as they
can repeatedly fail and in these situations the
indications for crowns' for treatment of tooth
wear is worthy of consideration.

The major indicators for operative interven-
tion are acsthetics and protection from future
wear. It is unlikely that providing direct or
indirect restorations will prevent sensitivity
unless preventative measures such as desen-
sitising agents are utilised. A recent European
consensus meeting discussed the management
of severe tooth wear.® The consensus report
suggested that restorative care should be
delayed as long as possible and that if indicated
minimal intervention should be the first port of
call. The consensus report has also recopnised
that management decisions are multi-factorial
and depend om the severity of disease as well as

‘Prsthodontics, King's Dental Institute, Guy's Hospital,
Landon, UK
*Comespondence ba: Sachin Yanma
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the wishes of the patient, It is the wishes of the
patient in conjunction with previowsly failed
composites that can lead onto treatment with
crowns {Fig, 1),

Composites vs crowns

The use of full coverage crowns could be
considered a controversial intervention as it
involves preparation of tooth structure for
teeth that have already lost volume due to
wear. Direct composite build ups have advan-
tages as they do not require preparation, can
be easily adjusted and are considered by some
to be reversible. A recent systematic review®
reported the results of studies utilising
compaosite for the treatment of wear. This
review mainly concentrated on direct com-
posites, indirect composites and porcelain
veneers, and reported that neither material
performed better than ancther, This review
did not include studies of full coverage crowns.
Another study by Milosevie® showed favour-
able long term results with direct composites
i tooth wear treatment but were all placed by
a single operator, However, extensive direct
compaosite restorations are lime consuming
and can be difficult to achieve ideal aesthetic
results and need maintenance, Bartlett and
Varma® in 2017 reported that composites used
in the treatment of tooth wear require continu-
ing repair and constant review, increasing the
lomg-term costs. The restorative challenge is,
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what to do if composites continually fail, if the
tooth wear is too extensive for composites or if
patients ask for crowns,

Crowns on the other hand are destructive
and can lead to further complications such as
loss of vitality. In young patients, the long-term
maintenance of restorative treatment must
e considered. Walton et al* among others®
suggested that crowns could last up to 15 vears,
however, this and most other studies tend 1o be
based on single tooth crowns that are not pre-
scribed for patients with extensive tooth wear.
There has been a report comparing crowns and
compaosites in toothwear cases' showing better
survival estimates for anterior crowns; but
the patient numbers were low. The European
consensus report” noted that patient’s wishes
are a factor in decision making. Therefore, the
operative treatment of tooth wear must include
consideration for crowns.

Planning crowns for patients
with tooth wear

Stabilisation of active disease is a key starting
point and a detailed diel history 15 oflen used 1o
ascertain potential causes. IF there is suspicion
of gastro-oesophageal reflux then this should be
managed with the appropriate medical colleague,
A periodontal assessment should confirm
excellent oral hygiene which is necessary for
maintenance of multiple crowns particularly if
cronwn lengthening will be requined,
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Objectives: This in vitro study investigated static failure risk related to restoration layer
thickness for different indirect materials and compare them to direct composites.
Metheds: Two ceramics (IPS e-max CAD, EmpressCAD (Ivoclar Vivadent)), two indirect com-
posites (Estenia (Kuraray), Sinfony (3M)) and two direct composites (Clearfil AP-X (Kuraray),
Tetric EvoCeram (Ivoclar Vivadent)) were chosen. Of each material, 25 discs varying in
thickness (0.5-3.0mm) were prepared and cemented to bovine dentine. For measuring
compressive strength, samples were placed in a universal testing device. Each sample was
uniaxially loaded until failure occurred. For each material a regression model based on the
Weibull distribution was used to estimate the relation between restoration layer thickness and
failure, Using these models, the chance of failure, standard error and 95% confidence interval
for that chance is estimated. Groups of materials were compared as well.
Results: Except for Tetric Evoceram, all materials show a significant positive association
between layer-thickness and compressive strength, with an increased strength of increased
thickness. ProCAD performed significantly worse than all other matenals, especially when
compared to the other ceramic material {IPS e-max CAD) (p = 0.001).
Conclusion: For most tested materials, a thicker layer offers more strength, however, this
property seems to be material/brand specific.
Clinical relevance: As direct composites showed the best results within the limitations of this
in vitro study, dentists should consider these materials as a good choice for restoring severe
tooth wear, and may offer superior performance compared to indirect composites and
ceramics, For some brands of materials thicker layers result in a stronger restoration.

171 2013 Elsevier Ltd. All rights reserved.

1. Introduction

vertical dimension. In order to gain sufficient space for
restoring worn down teeth, an increase of this occlusal
vertical dimensicn is often required. It is still unclear which

Severe tooth wear is mainly caused by erosion, bruxism or a materials are the best for treating this specific patient group.
combination of these factors’ and results often in loss of Recent literature shows that fracture of restorations is the

* Corresponding author at: College of Dental Sciences, UMC St. Radboud, Preventive and Restorative Dentistry, Internal Postal Code 123,
P.O. Box 9101, 6500 HB Nijmegen, The Netherlands, Tel.: +31 24 361 64 10; fax: +31 24 354 02 65.
E-mail address: ;. hamburger@dent.umcn.nl (.T. Hamburger).
0300-5712/$ - see front matter 4 2013 Elsevier Ltd. All rights reserved.
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Background: This study systematically reviewed survival of direct composite o restore
worn teeth,

Materials and Methods: A comprehensive electronic search of databases sourced from
Medline-PubMed, Embase, Cochrane Central, Scopus, Google scholar was performed on
literature published between January 1990 and December 2008, Grey literature was also
reviewed, Data extraction included sample size, number of composite restorations, operators,
composite type, mean or total follow-up time and success rate expressed as either percent of
successful restorations or median survival time (MST). Methodological quality was rated
using the Joanna Briggs Institute appraisal checklist for case series. Studies on children, non-
carious cervical lesions, cast and all-ceramic restorations, case reports and case series with
<5 participants were excluded.

Results: A total of 1563 studies were identified and 1472 were screened. Sixty-two full-text
papers were asscssed for eligibility which resulted in 10 studies that met inclusion criteria,
These were mainly cose series and assessed 3844 direct composite restorations placed in 373
patients mostly in hospital settings, Survival ranged from 30% to 99.3%, Methodological
quality improved from the earlier studies and was rated low o moderate in 7 studies and
good in 3. The funnel plot showed a low risk of publication bias but there was considerable
heterogeneity (1"=97,7%). There was a non-significant weak negative association between
age and survival {Spearman’s rho=—0.12).

Conclusion: Qualitative evaluation of the studies proved difficult because of the nature of
case series bul reporting improved in the later studies, Despite the generally short duration of
studics, small sample sizes in terms of patient numbers and composite restorations, the
survival rates of direct hyvbrid composite resin in the short to medium term are acceplable
and support their application for the restoration of worn teeth,

Keywords: systematic review, direct composite, tooth wear

Introduction
The survival of direct composite resin for the restoration of the worn dentition has
been described in several studies. There was a lack of evidence, however, on what
is the best way to restore the worn dentition, which was the title of a dental
evidence-based topic (DEBT) published in 2011." The main advantage of direct
composite over conventional approaches for restoration of the worn dentition is that
it embraces an additive, minimally invasive approach advocated by the European
consensus statement.”

Three systematic reviews, published in 2004 and two in 20016, assessed the
rehabilitation of worn teeth.” None were able to produce a meta-analysis and the
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WEAR RESISTANCE OF DENTAL MATERIALS WHICH ARE USED
FOR ANTERIOR TEETH RESTORATIONS

D01 1036740/ WLek202008117
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ABSTHACT

Thee abm of this study was to compare the wear resistance of such restarative materials as comgosite resin, feldspathic ceramic, leucite glass ceraméc with intact enamel and 1o
draw an analogy with some similar researches.

Materials and metheds: In this reseanch 20 extracted human teeth imaxillary incisors) without fillings and carlous cavities wene used as samples, Al samples were disinfected
and stored In saline in order to prevent dehydration. Teeth roots were aut off for the measure of fation an an organic glass plate wsing chemically polymenzable resin, If
necessary, the teeth were also cut on their lateral sides in order to give them equal size. The samples were placed in a frame-halder, located on the lever of the machine MI-2,
which detemmines abrasion resistance under slipping.

Roesubts: The reseanch has reveabed that the average wear resistance of natural teeth was 122,67 +4.9 limm (Tab 1). The archived result evercomes dental composite resin twice
mare (6282121 Mmm®), feldspathic ceramic 6.5 times more (16,3212 Vmm?) and lewite ceramic over the half (73.7823.12 Jmm?)

Condusbon: Thus, accarding to this perfarmed research and the analysis of the relative literature soweces it can be stated that dertal composite resin and leucite ceramics may
be propased a5 the materiats of chodce for antenior restoration of teeth. They have shown the good wear resistance and toberance to antagonizing natural tegth,

[ KEY WORDS: leucite, composite resin, dental parcelain

INTRODUCTION

The principle of biomimetics in dentistry is associated
with balanced luminosity, translucency, opacity, wear re-
sistance of artificial restorations of teeth being maximally
similar to natural dentin and enamel. Restorative material
which are used for anterior restorations nowadays should
resemble hard tissues of teeth both from mechanical and
aesthetic point of view. The ability of restored anterior teeth
to stay as worn as natural tooth enamel and not to abrade
excessively antagonist teeth often predefines the quality
of aesthetic rehabilitation and the quality of life of patient
after treatment [1,2] Lambrechts et al. reported that the
wear of enamel opposing enamel is approximately 20 to
40 pm per year [3].

Wear of teeth is a physiological process which depends
on such factors as mastication habits, food consistency,
neuromuscular parameters of masticatory apparatus and
material s abrasive properties of opposing teeth [4].

If the abrasive properties of restorative material differ
from natural tissues the wear process may become accel-
erated comparing to the natural dentition [5].

MNowadays one of the challenging issues for practitioners
dealing with anterior restoration is the choice of proper
restorative material, The task of the dentist is not only to
restore or improve aesthetics but to regain the function
and to improve the quality of patients’ life on a maximal

Wiad Lek. 2020;73(8):1677-1680

term. From the list of available restorative materials sev-
eral types should be underlined. Those are light-curing
composite resin, feldspathic ceramic and leucite reinforced
glass ceramic [6,7].

Feldspathic ceramic has been in use in dentistry for more
then a century. It proved to be a very natural-looking mate-
rial for tooth restoration with good mechanical properties
[8], however rather abrasive to antagonists especially if
unpolished [9].

All-ceramics is the restorative material which have been
in dental practice for the recent twenty years. While being
in practice all-ceramics have proved to be aesthetic, dura-
ble, chemical inert, bio-compatible, resistant to fractures
and wear [10], However, despite trying to solve the prob-
lem with excessive wear of enamel, all-ceramics haven't
solved this problem completely [9,11,12],

According to some researchers enamel wear pattern
depends on the microstructure of opposing material and
different oral cavity factors [13]. However, correlation
between clinical and laboratory data has revealed to be a
challenging task [14].

Some investigations about wear resistance of dental ce-
ramics when opposing intact enamel reported that dental
porcelain has been described to be wear resistant against
opposing restorative materials and enamel [15,16]. Preis et
al. has found that porcelain has comparable or reduced wear

1477
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Surface Roughness of Composite
Resins Subjected to Hydrochloric Acid

Ana Carolina Cabral Rogue’, Lauren Oliveira Lima Bohner!, Ana Paula Terossi
de Godoi', Vivian Colucei?, Silmara Aparecida Milori Corona®, Alma Blasida
Concepcidn Elizaur Benitez Catirse!

The purpose of this study was to determine the influence of hydrochloric acid on surface
roughness of composite resins subjected to brushing. Sixty samples measuring 2 mm thick
x 6 mm digmeter were prepared and used as experimental units, The study presented
a Ax2 factorial design, in which the factors were composite resin (n=20], at 3 levels:
microhybrid compaosite [£100), nanofilled composite (Filtek™ Supreme), nanohybrid
composite (lce), and acid challenge [n=10] at 2 levels: absence and presence. Acid challenge
was performed by immersion of specimens in hydrochloric acid (pH 1.2]) for 1 min, 4
times per day for 7 days. The specimens not subjected to acid challenge were stored in
15 mL of artificial saliva at 37 °C. Afterwards, all specimens were submitted to abrasive
challenge by a brushing cycle performed with a 200 g weight 2t a speed of 356 rpm,
totaling 17.8 eyeles. Surface roughness measurements (Ra) were performed and analyzed
by ANOVA and Tukey test [ps0.05), Surface roughness values were higher in the presence
[1.0740.24) as compared with the absence of hydrochloric acid (0.7240.04). Surface
roughness values were higher for miceobybrid (1.01+0.27) compared with nanofilled (068
+0.08) and nanchybrid [0.484£0.15) composites when the specimens were not subjects
to acid challenge. In the presence of hydrochloric acid, microhybrid (1.2640.28) and
nanofilled (1.18+0,30) composites presents higher surface roughness values compared
with nanohybrid [0.7740.15). The hydrochloric acid affected the surface roughness of
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Introduction
Dental erosion is one of the main factors for tooth wear
(1) that occurs without bacterial involvement by chemical
dissolution of the dental structure [1-3) by acids (1), These
acids are derived from the dietary and endogenous factors,
such as eating disorders and gastroesophageal reflux (1,4,
The hydrochloric acid released by gastroesophageal
reflux may be respansible for a severe tooth wear, when it
remains in contact with the oral cavity for a long time (). If
toath structure loss reaches a high severity, functional and
esthetic rehabilitation of the teeth becomes indispensable
[1). The chaice of an adequate restorative material plays an
extremely relevant role in the durability of the restoration.
Composite resin provides excellent properties for
restoration, including wear resistance [6). However, dental
erasion can damage the physical and mechanical properties
of the composite (3], leading to organic matrix degradation
and exposure of the inorganic filaments (7). These changes
lead to increase of surface softening and roughness, which
are responsible for the decrease in restoration durability (8).
Likewise, the resin matrix may be eroded by tooth
brushing, leading to irregularities on the material's
surface (9). The abrasion resulting from brushing acts
synergistically with the erosion phenomenon, leading to
praduct degradation over the course of time (3).

111

hydrochloric acid,

Recently, a composite resin containing nanofillers,
which has better mechanical properties than those of
microbybrid resin, was introduced on the market, The
insertion of a large guantity of small, homogeneously
distributed fillers provides the organic matrix greater
pratection against wear, thereby enhancing the material
resistance to degradation (10).

It is essential to choose material suitable for restoring
the teeth of patients with gastroesophageal reflux in order
to ensure longevity of the procedure, because contact with
hydrochloric acid may be cause for superficial alteration in
compaosite resin. This may especially occur simultaneously
with brushing. Thus, the aim of this study was to evaluate
the effect of hydrochloric acid on the surface roughness
of composite resins submitted to brushing. The tested null
hypotheses were: 1) hydrochloric acid does not affect
the surface roughness of composite resins submitted to
brushing; 2 The composition of material has no influence
on the wear resistance of composite resin.

Material and Methods
Experimental Design

The experimental design was factorial, with the
evaluated factors composite resin at three levels:
microhybrid composite (Z2100), nanofilled composite
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ABSTRACT

Objectives. Evaluation of survival and complication rate of moneolithic occlusal onlays made
aflithium disilicate ceramic used in patients with severe tooth wear up to 11 years of clinical
SETVICE.
Methods. In a prospective non-randemized clinical study 7 patients (4 male, 3 female; median
age: 443+ 6.56 years old) were restored full mouth with a total of 103 adhesively bonded
acelusal enlays made of lithiumm disilicate ceramic (IPS e max Press, Ivoclar Vivadent, Schaan,
Liechtenstein). All restorations were examined during annual recall visits using pericdontal
parameters according ta the modified United States Public Health Service (USPHS) criteria:
{a) marginal discoloration, (b) secoendary caries, (¢} marginal integrity, (d) surface texture,
{e} restoration fracture, and [f) occlusal wear, rating with Alpha, Bravo and Charlie cver an
observation pericd up to 11years (68-139 months; median: 94.9 + 26.1 months). Data was
statistically analyzed using the Kaplan-Meier estimation.
Results, Monelithic lithium disilicate occlusal onlays presented a 100% survival rate, Four
restorations within one patient {3.9%) presented marginal discoloration, one after 60 and
three after 108 months (all rated Bravo). One restoration (1%) showed a marginal crack for-
mation (technical complication) after 120 months, rated Brave. Mo biclegical complication,
debonding or secondary caries could be found and tested pericdontal parameters showed
excellent reqults.
Significance. Based on the analyzed data up to 11 years, monolithic coclusal onlays made of
lithiumy disilicate ceramic can be conzidered as a reliable treatment option for full-mouth
rehabilitations in patients with severe tooth wear.

© 2019 The Academy of Dental Materials, Published by Elsevier Inc, All rights reserved,

1. Introduction

Continuing socloeconomic changes, advances in dental
healthcare, and increased awareness of oral hygiene support

* Correspanding author,

patients in keeping their natural teeth for longer. Accord-
ing to the Fifth German Oral Health Study, extraction rates
due to carious or periodontal lesions have decreased signifi-
cantly in the last few decades [1]. The number of remaining
teeth at an advanced age has increased significantly: younger
seniors aged 65-7dyears old had on average at least five
more of their own teeth in 2014 than in 1997 [1). Beyond
this background, there is a <lear trend moving from tradi-

E-mail address: Anja Liebermann@med.uni-muenchen.de tianal removable prostheses towards fixed restorations [1,2].

(&, Ligbermann),
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0109-5641/9 2019 The Academy of Dental Materials, Published by Elsevier [nc. All rights reserved,
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Long-term Survival of Direct and Indirect Restorations
Placed for the Treatment of Advanced Tooth Wear

Roger |. Smales® and Thomas L. Berekally

Abstract - Advanced fooll wear wes restored with divect vesin-based composiles (REC) i 17 patiends, and with
indirect ceramo-metal cromms FOMOC) and full gold crowns fie 8 otlver batieits. The mead pationt dge was 64.9 8.6
K1) vears, it :w::.lf't;m.':’euf hm'g’rrg & Iean q.f' 13.8 (5.4) restorations, in this Felrasieciive Case series st the mean
restoralion age was 5.0 (300 vears for the divect and 5.0 (2.0) vears for the indirect restorafions. Over 70 years,
climnlative siredval estimares were 02.0% for divect and 74.5% for bidivect vestorations (P=0.23), Swrvival estimeales
e S8.9% for anterior REC: and 70,3% for anterior CHCS (P=0006), REBCS psually faited from fractres, and CWCE
Srom compdete fosses. REC Giffures were wsnally replaced or repaived, while CIC failnres offen reguired roof camnal
therapies or extractions, The findings from ihis relatively small stiedy vegiidve confiemation by laree fong-term control-

ledd clinical irials,

REY WORDS: Tooth wear, Resin composite, Crowns

INTRODUCTION

Tooth wear or tooth surface loss is observed increasingly
in both younger and older persons in modern societies'.
Although the aetology 15 often multifactorial, acid erosion
Leofmosion) is 4 principal cavse in younger persons and
alzn is ohserved frequently in older persons™. Advanced
tooth wear with large : ol exposed dentine i1s 4 re-
storative problem for older patients who want to retain
their remaining tecth. Traditional restorative treatments for
these patients usually involve costly laboratory-fabricated
multiple crowns and fixed prostheses as a full-mouth
reconstruction’,

150

However, the concept of the ‘shomened dental arch’™, the
often localized sites of tooth wear, the ability of non-oc-
cluding permanent teeth o continue to erupt™ dfollowing
an increase in occlusal vertical dimension), and the contin-
wed improvements in resin-based composites (RBCs) and
adlvesives have resulted in more conservative restorative
tresitment approaches, The potential advantages of using
direct tooth-coloured  restorative materials include the
preservation of sound teoth substance, less overall clinical
time and costs, an acceptable appearance and high patient
acceplance™'

Reports on the use of direct placement RBECs for the treat-
ment of tooth wear have been largely confined o the reat-
ment of localized antenior tooth wear '™, The few clinical
studies that have been published on the results of using
RBCs to treat localized anterior tooth wear, have reported
encouraging results over penods of up o approxinately
5 years™ There have been very few reports on the treat-
ment of localized posterior wooth wear and generalized
tooth wear withh RBCs"™" and the authors were unable
o locate any English language publications of conrolled

*MDS{Hans), DO
DS

Climical trials, The authors were also unable o locate any
studies which compared the long-term clinical behaviour
of RBCs with that of conventional indirect single crowns
used 1o treat advanced woth wear in older persons

The objective of the present retrospective case series study
wils [0 investigate the long-term survivals of single direct
and indirect restorations placed in two separate groups of
alder patients for the restoration of advanced twoth wear.
The null hypothesis proposed is thar there are no significant
long-term restoration survival differences between the mo
proups of patients.

MATERIALS AND METHODS

In 2004, an independent reviewer (RJ%) examined the
dental records of patents who had been treated for ad-
vanced tooth wear (as shown by large arcas of exposcd
denting) by two prosthodontists ar the Adelaide Dental
Hospital, Adelaide, South Avstralia, Records were found
for 17 paticnts where only direct restorations were placed
following a treatment policy change, and Tor 8 patients
{controls) where only indirect restorations were placed as
wis the previous practice. The direct placement restora-
tve materials were Ane-particle hybrid RBCs. The indirect
placement restorative materials were low-gold content
casting alloys and sintered porcelains. The University of
Adelaide Committes on the Ethics of Human Experimenta-
tion approved the smcly,

Data collected from the dental records included: apes of
patients and restorations; principal reasons for seeking
dental treatment and the probable actiology of the ooth
wear; numbers of opposing woth contacts and  restored
tooth tvpes, restoration classes, removable partial denures
made; restoration failures and subsequent treatments.
Restorations were deemed o have failed when either the
restorations o the restored teeth required further opera-
tives trestments.
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