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Abstract

Aim: The primary aim of this study was to develop, calibrate and assess a novel
methodology that employs 3D scanning technology in quantifying the progression of tooth
wear and then assess the applicability and validity of this methodology in-vivo through

clinical monitoring of the progression of tooth wear in patients over a period of 12 months.

Methods and materials: A Stainless Steel Model (SSM) was fabricated consisting of
seven stainless-steel ball-bearings embedded in a horseshoe-shaped base. The dimensions
of the SSM were ascertained using a Coordinate Measuring Machine (CMM). The CMM-
calibrated SSM was used to identify the accuracy and precision of a contact stylus-
profilometer scanner and a non-contact class-II laser arm-scanner. The next stage involved
using the SSM to identify the initial dimensional accuracy of Type IV dental stone casts
poured from impressions of the SSM, using 3 types of impression materials: alginates
(Alg), polyethers (PE) and polyvinylsiloxanes (PVS), and the dimensional stability of the
dental stone over a period of one-month. Thereafter, the overall 3D scanning system
performance was calculated. A clinical study involving tooth wear patients, recruited
through 3 Restorative Dentistry Consultants’ New Patient clinics, was also carried-out. At
initial visit and after 1 year, PE impressions were taken of participants’ dentition and
poured. At 1 month post-pouring, the casts were 3D-scanned. The resultant scans of initial-

visit casts and after 1 year casts were 3D analysed, compared and differences detected.

Results: The contact scanner demonstrated greater accuracy and precision compared to the
non-contact scanner. Alg-fabricated casts demonstrated the largest discrepancy, producing
undersized casts. PVS was the most accurate but concurrently demonstrated greater
statistical variance compared to PE. The overall 3D scanning system performance, when
comparing 2 individual contact scans taken of Type IV stone casts poured from PE
impressions then scanned at one-month post-pouring, was 66um. Clinically, all
participants in this study presented with tooth wear greater than 140um in depth; however,

detected tooth wear only affected a limited surface area of anterior teeth.

Conclusion: In this pilot study, we were able to formulate a novel descriptive 3D scanning
methodology for quantifying tooth wear that accounts for the various factors affecting 3D
scanning in-vivo. We have also demonstrated the clinical applicability of the methodology

in monitoring the rate of tooth wear progression in patients.
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1. Introduction

Tooth wear, also referred to as tooth surface loss (TSL) or non-carious tooth
surface loss, has been defined as the ‘pathological loss of tooth tissue by a disease process
other than dental caries’ (Eccles, 1982). Originally, the term TSL was employed to
distinguish between tooth surface sub-surface loss related to enamel caries. On the other
hand, some argue the term has two main disadvantages (Smith et al., 1997). First, it
understates the severity of tooth surface loss through implying that only one surface has
been affected. The second disadvantage is its subtlety that might escape patients and
dentists. Hence, tooth wear has been advocated as a more appropriate term to describe the

loss of tooth surface (Smith et al., 1997).

The aetiological factors of tooth wear include attrition, erosion and/or abrasion.
Attrition is tooth structure loss due to tooth-tooth contact. This includes tooth wear caused
by certain para-functional habits such as bruxism that incorporates teeth grinding, and
clenching (Pavone, 1985, Pintado et al., 1997, Kelleher and Bishop, 1999, Pergamalian et
al., 2003, Van't Spijker et al., 2007, Lavigne et al., 2008, Arsecularatne and Hoffman,
2010). Erosion is tooth surface loss due to chemical/acid action from intrinsic and/or
extrinsic factors and not involving bacteria. This may arise from factors including gastro-
oesophageal reflux, a high intake of fizzy drinks, fruit juices or fruit consumption (Eccles
and Jenkins, 1974, Eccles, 1979, Smith et al., 1997, Bartlett, 2006, Cochrane et al., 2009,
Holbrook et al., 2009, Willershausen et al., 2009, Bartlett, 2010). In addition, abrasion is
caused by physical wear from factors other than tooth-tooth contact for example tooth
brushing, use of whitening/bleaching tooth paste, nail or pencil biting (Kelleher and

Bishop, 1999, Bartlett and Dugmore, 2008, Turssi et al., 2010).

This chapter will review the contemporary body of research relating to the aetiology,

mechanism, prevalence, assessment and management of tooth wear.
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1.1 Thegosis, anthropology and tooth wear

Worn, flat occlusal surfaces and anterior edge to edge occlusion are common
among dentitions of prehistoric man, where teeth were used as a third-hand, a tool or
means of expressing aggression (Kaidonis, 2008, Lozano et al., 2008, Sato and Slavicek,

2008, Liu et al., 2010, Lorkiewicz, 2011).

A theory was proposed that man possesses an instinct to sharpen his teeth whenever
under stress as a prime biological weapon (Every, 1965). Man's survival would depend on
him being able to use his teeth as weapons to kill, tools to ingest or grasp, acquire
language and socially interact. The primitive hominid, when threatened, would
immediately extrude his mandible laterally and display his main weapon-his teeth- as a
snarl. A display that still occurs in contemporary man during sleep as a repressed
aggressive instinct (Every, 1960, Archer, 1988). A term was first used in 1970 to describe
this behaviour of sharpening teeth, 'thegosis' (from the Greek word thego- to whet or
sharpen) (Every, 1970). This behaviour would be considered a normal physiological one,
since the dentitions of ancient populations, were continually changing and compensating
through attrition and tooth migration (Young, 1998, Kaidonis, 2008). Thegosis is
instinctively inherited by contemporary man and with a recent reduction in wear severity,
due to change in environment, resulted in failure to compensate and develop attritional
occlusion (Scally, 1991). This leads to an increased frequency of various dental problems
in modern societies that demonstrate a disparity between the original dentition design and

our present environment (Kaifu, 2000, Kaifu et al., 2003).

On the other hand, Murray and Sanson, 1998, refuted the evidence for the existence
of thegosis or the presence of ancestral genetic programming, stating that the evidence for
thegosis was largely drawn from the behaviour of stressed animals, including man. They
also stated that there is no evidence that any animal sharpens its teeth independently of the
masticatory process in order to improve the efficiency of the process (Murray and Sanson,
1998). Scally (1999) published on the internet a rebuttal to Murray and Sanson, 1998,
claiming the article did not review a number of critical references that directly addressed a
number  of  issues raised in-regards to the theory of  thegosis
(http://www.8.co.nz/Thegotics/Murray and_Sansons_Artricle critical review.htm# Toc4

60653497).
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1.2 Prevalence of tooth wear

A survey of 1007 patients established that 5.73% of tooth surfaces demonstrated
unacceptable tooth wear for the 15-26 year-age group and 8.19% in the 56 — 65 year-age
group (Smith and Robb, 1996). Another study examining 418 children with average age
of 14 elucidated that 51% of study participants suffered from moderate erosion and only 1%
had severe erosion (Al-Dlaigan et al., 2001a, Al-Dlaigan et al., 2001b). One of the largest
prevalence tooth wear studies was the UK Child Dental Health Survey of 2003 (National
Statistics: http://www.statistics.gov.uk/ssd/surveys/cdhs.asp). This identified that 53% of 5
year olds suffered from tooth wear with and 22% of them progressing into the dentine or
pulp, demonstrating a rise in incidence of tooth wear compared to the 1993 survey. The
Adult Health Survey of 2009 estimated that 77% of dentate adults in England, Wales and
Northern Ireland, demonstrated signs of tooth wear extending to dentine in their anterior
teeth, with prevalence of tooth wear increasing with age (White et al., 2011). The
percentage of adults presenting with severe tooth wear increases from 3% at the age of
twenty to 17% at the age of seventy. Indeed, increasing levels of tooth wear are
significantly associated with age (Van't Spijker et al., 2009, Cunha-Cruz et al., 2010).
Tooth wear has a measurable impact on patient satisfaction with their appearance, pain
levels, oral comfort, general performance, chewing and eating capacity (Al-Omiri et al.,
2006). The inconsistent use of various indices across tooth wear prevalence studies makes
accurate comparisons between their results difficult (Bardsley, 2008, Curca and Danila,

2010).
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1.3 Aetiology of tooth wear

The main aetiological factors behind tooth wear are erosion, attrition and abrasion.
It is also generally accepted that tooth wear is multi-factorial, involving a number of
aetiological factors that seldom happen in isolation and occur with different intensity and
duration (Bartlett, 2005, Bartlett and Shah, 2006, Young et al., 2008). These aetiological
factors include dental erosion, attrition, abrasion, non-carious cervical lesions or a

combination of some or all of these factors.

1.3.1 Dental erosion

Dental erosion is defined as tooth surface loss of enamel and/or dentine resulting by
chemical/acid action from intrinsic, extrinsic and/or environmental factors and not

involving bacterial action (Eccles, 1979, Mair, 1992, Imfeld, 1996a, Bartlett, 2009).

Although the definition is universally accepted, some researchers focus on acidic
erosion as the main aetiological factor behind tooth wear. Therefore, they use the term
‘erosion’ to refer to general tooth wear that encompasses erosion, attrition and abrasion
(Bartlett and Dugmore, 2008, Bartlett, 2010). Others have suggested that the appropriate
term to describe the condition should be corrosion rather than erosion (Michael et al.,
2009). This is due to erosion being an abrasive process resulting from the dynamic contact
of a solid, liquid or gas with a surface rather than static chemical action, as in the case of

corrosion (Grippo and Simring, 1995).

1.3.1.1 Clinical appearance of dental erosion

Erosion lesions normally occur on smooth (facial, lingual and palatal),
occlusal or incisal tooth surfaces of the teeth. This leads to the enamel surface having a
silky-glazed appearance with loss of perikymata or developmental ridges. In more
advanced cases, this result in formation of hollowed or cupped-out lesions with intact
enamel along the gingival margin (figure 1.1). These hollowed lesions are most commonly
found on the palatal surfaces of upper incisors and are historically termed perimolysis
(Bartlett, 2005). In patients with severe dental erosion, the enamel may be completely
removed. This leads to dentine exposure, leaving the tooth prone to sensitivity and further

mechanical wear (figure 1.1). Uncontrolled advanced tooth wear may ultimately lead to
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pulpal exposure and requirement of root canal treatment or extraction (Lussi et al., 1991,
Sivasithamparam et al., 2003, Lussi et al., 2006, Bartlett, 2007, Wiegand and Attin, 2007,
Larson, 2009).

It is challenging to identify erosion based solely on clinical appearance, as the
aetiology of the wear lesion is generally multi-factorial due to the interaction of erosion,
attrition and abrasion (Bartlett et al., 1999, Bartlett, 2009, Young et al., 2008). To prevent
further progression, it is important to detect this condition as early as possible (Lussi and

Jaeggi, 2008).

1.3.1.2 Prevalence of dental erosion

Current scientific literature seems to report more frequently on the prevalence of
dental erosion than on the prevalence of attrition and abrasion (Johansson et al., 2008).
The majority of erosion prevalence studies in Europe and North America have involved
children rather than adults (Bartlett, 2007). The 2003-2004 U.S National Health and
Nutrition Examination Survey (NHANES) demonstrated that 45.9% of children aged 13 to
19 had evidence of erosive tooth wear affecting at least one tooth. A higher prevalence was

established in males, Caucasians and over-weight children (McGuire et al., 2009).

A study involving 1,753 twelve year-olds residing in Leicestershire and Rutland
(Dugmore and Rock, 2004b) identified that 59.7% of the children suffered from tooth
erosion with 2.7% exhibiting deep lesions into exposed dentine. The study also reported a
significantly higher prevalence of erosion in Caucasians compared to Asians. The results
of this study agree with that of another which examined 418 fourteen year-olds in
Birmingham (Al-Dlaigan et al., 2001b). The study identified that 51% of the 418 children
assessed clinically suffered from moderate erosion and 1% had severe erosion with total
loss of enamel and substantial loss of dentine. Both studies identified that erosion was
more prevalent in males and those from lower socio-economic categories. Indeed, several
studies have related tooth wear to people from lower socio-economic category (Milosevic
et al., 1994, Jones and Nunn, 1995, De Carvalho Sales-Peres et al., 2008, El Aidi et al.,
2008, ElI Aidi et al., 2010).

Another epidemiological study examined 2,351 fourteen year-olds in North West

England (Bardsley et al., 2004). The relationship between the prevalence of erosion, water
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fluoridation and social deprivation was investigated. This study established that 53% of

children had exposed dentine. Males were significantly more likely to have signs of tooth
wear than females. Furthermore, there was a 30% reduction in erosion within children
from fluoridated regions compared to non-fluoridated ones. In contrast to others, this study
demonstrated that erosion was more prevalent in children from higher socio-economic

categories. However, this is in agreement with results attained by (Millward et al., 1994).

An increase in the prevalence of erosion has been observed in children between 3.5
and 4.5 year olds. Moreover, children living in the North of the UK are twice as likely to
suffer from erosion compared to those living in London and the South-East (Nunn et al.,

2003).

The differences in obtained results between these studies examining the prevalence
of erosion reflect the different definitions used in determining erosion, different wear
indices employed, subjectivity of the indices, different geographical areas and population
samples. A summary of the associations between tooth wear related to erosion and

epidemiological factors is displayed in figure 1.1.

1.3.1.3 Mechanism of dental erosion

In-vitro studies have attempted to identify the actual mechanism by which acidic
dissolution of the tooth surface occurs. Once the acidic solution is introduced in the oral
environment it causes an immediate drop in the oral pH (Moazzez et al., 2000a). As acidic
solution comes into contact with the tooth, it initially has to disperse through the acquired
pellicle to engage the enamel surface. The acquired pellicle is a protein-based layer
rapidly forming on dental surfaces post tooth brushing (Hannig and Balz, 1999).
Thereafter, the hydrogen ion component of the acid starts to dissolve the enamel prism
sheath and subsequently the prism core by attacking components of the hydroxyapatite,
such as carbonate and phosphate. This results in a distinct honeycomb appearance
(Meurman and Frank, 1991). Additional fresh, un-ionised acid then diffuses into the inter-
prismatic areas of enamel and dissolve further mineral underneath the surface leading to an
outflow of calcium ions termed demineralisation (Eisenburger et al., 2001, Lussi and
Hellwig, 2001). Demineralisation of dentine follows a similar process. However, it differs

by the presence of organic dentine matrix that hinders further diffusion of acid by
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buffering the acid. Once the dentine organic matrix starts degrading, the

demineralization process progresses (Hara et al., 2005).

The tooth surface pH returns to above 5.5 within 2 minutes following acid
exposure due to salivary buffering and clearance (Millward et al., 1997). It is also
established that the un-stimulated salivary buffering capacity is lower in erosion patients

compared to a healthy erosion free cohort (Meurman et al., 1994, Piangprach et al., 2009).

1.3.1.4 Aetiology of dental erosion

Historically, the causes of erosion have been classified into extrinsic or intrinsic
sources (Eccles, 1979, Jarvinen et al., 1991). Alternatively, others have classified erosion
into dietary, regurgitation and environmental (Smith and Knight, 1984b, Mair, 1992).
Extrinsic erosion occurs if the source of acid is from outside the body. This is further sub-
divided into dietary or industrial/environmental. A summary of the main aetilogical factors

is demonstrated in Figure 1.1.

1.3.1.4.1 Dietary erosion

Dietary erosion is a result of food or drinks containing a variety of
demineralising acids that are consumed in excess. It is considered by researchers to be the
most common cause of acid erosion (Bartlett, 2009). The total titratable acid level of
dietary substances, which measures the total available hydrogen ion concentration, is
considered more important than their pH values (Jarvinen et al., 1991, Zero, 1996,

Cochrane et al., 2009).

1.3.1.4.1.1 Carbonated drinks

Carbonated drinks have been directly related to erosion as they contain a
variety of acids capable of chelating as well as dissolving calcium ions. The effect is more
determined when consumption occurs on a daily basis (Jarvinen et al., 1991, Milosevic et
al., 1997, Kelleher and Bishop, 1999, Moazzez et al., 2000b, Waterhouse et al., 2008).

A study involving 418 fourteen year old children residing in Birmingham (Al-
Dlaigan et al., 2001b) determined that 23% of the study participants had more than 22
intakes per week of Cola and other carbonated drinks. It was concluded that there was a
relationship between dental erosion and acidic dietary intake. Dugmore and Rock (2004a)

examined 1,753 children at the age of twelve then re-examined at the age of fourteen The
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children were also asked to complete questionnaires related to their dietary habits on

both occasions. The study identified a significant association between tooth erosion and
the amount and frequency of carbonated drinks intake. Fourteen year-olds were 10 times
more likely to have tooth erosion if drinking carbonated drinks four or more times each
day with a confidence interval of 95%. These results were further reinforced by a review
based on cross-sectional prevalence studies from the 1993 UK children’s’ dental health
survey and the dental report of 2 National Diet and Nutrition Surveys of children aged 1.5
— 18 years old (Nunn et al., 2003). The review identified a trend towards a higher
prevalence of erosion in children who consumed carbonated drinks on most days
compared to infants consuming carbonated drinks less frequently. Furthermore, not only
the frequency of consumption of carbonated drinks but also their pattern of consumption
has a direct relation to the susceptibility to erosion. A significantly higher prevalence of
erosion was observed in children who drank twice as quickly as well as those who drank

straight from the can (Moazzez et al., 2000a).

The erosive potential of 15 drinks was analysed by measuring in-vitro the weight
loss, surface loss and release of calcium ions from human enamel following 30-minute or
24 —hour exposure using white-light non-contact surface profilometry (Cochrane et al.,
2009). The study concluded that Pepsi™ and Coca-Cola™ demonstrated the highest
erosive potential of all 15 beverages tested according to all three measurements (Table 1.1).
The erosive potential of carbonated drinks was further confirmed by a study that compared
beverages available in U.K and the U.S.A (Murrell et al., 2010). Extracted, caries-free
molars and premolars were submerged into different beverages for 25 hours. They were
then examined using a polarized light microscope and enamel lesions were identified and
measured. The results of the study elucidated that U.K Diet Coke™, Sprite™ and Sprite
Zero™ produced deeper lesions when compared to their U.S counterparts. These results
demonstrate that these UK carbonated drinks were more erosive. Sprite Lite™ was also
found to cause the highest significant decrease in enamel micro-hardness when compared

to grapefruit and apple juice (Lussi et al., 1993).

1.3.1.4.1.2 Fruits and fruit juice consumption

Fruits and fruit juices are potentially one of the factors leading to tooth erosion
(Eccles and Jenkins, 1974, Lussi et al., 1991, Zero, 1996). Citrus fruits, apples, cranberries

and grapes are considered to possess a high erosive potential especially when eaten more
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than twice a day (Jarvinen et al., 1991, Lussi et al., 1993, Lussi and Hellwig, 2001,

Sirimaharaj et al., 2002, Bartlett, 2005). A single centre, randomised, placebo controlled,
blind, crossover design study examined ten subjects, each consuming 11 servings of
orange juice per day for 15 days (West et al., 1998). The study demonstrated a significant
relationship between orange juice intake and incidence of tooth erosion. Furthermore,
drinking habits prior to swallowing, such as swishing, sucking or holding fruits and/or fruit
juices were associated with an increased risk of erosion (O'Sullivan and Curzon, 2000).
The results of these studies were confirmed by an epidemiological study that demonstrated
an association between fruit intake and erosion (Al-Dlaigan et al., 2001a). The study also
identified that approximately 10% of the 418 fourteen year-old children examined had a
medium to high intake of fruits. Female adolescents in particular had a greater fruit intake

when compared to their male counterparts.

1.3.1.4.1.3 Alcohol consumption

Alcohol abuse has been associated with tooth erosion (Robb and Smith, 1990). A
study demonstrated that 49.4% of alcoholics undergoing rehabilitation suffered from
enamel and/or dentine erosion lesions (Manarte et al., 2009b). White wines have been
found to be more erosive than red wines causing up to 60um demineralisation of enamel
after 1400 one-minute exposures to wine (Ferguson et al., 1996, Chaudhry et al., 1997,
Mok et al., 2001, Willershausen et al., 2009). Gastritis and acid regurgitation are also

common complications of chronic alcoholism (Simmons and Thompson, 1987)

1.3.1.4.1.4 Other food items

A number of food items have also been implicated in causing erosive tooth wear.
Fruit flavoured and Cola flavoured lollipops (Brand et al., 2009), candy sprays (Gambon et
al., 2009), alcopops (Ablal et al., 2009), a lacto-vegetarian diet (Linkosalo and Markkanen,
1985, Linkosalo, 1988), herbal tea (Phelan and Rees, 2003), flavoured sparkling water
(Parry et al., 2001, Brown et al., 2007) as well as sour sweets and candies (Davies et al.,

2008, Wagoner et al., 2009), have all been found to have an erosive potential.

Dietary acids cause an immediate drop in oral pH. Thereafter the saliva neutralises
it and returns the oral pH to 7 within a couple of minutes. A low pH of 3 has been found to

cause rapid enamel wear. This enamel wear was even more rapid than that observed in
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other restorative materials present in a similar pH value environment (Richards et al.,

2010). Hence, the important factor in dietary erosion is frequency of intake along with any
eating habits (Bartlett, 2009). Several authors have suggested that using a straw is
beneficial in decreasing the erosive effect of various erosive drinks (Grobler et al., 1985,
Imfeld, 1996b, Edwards et al., 1998). Other studies have shown that the addition of
calcium to various drinks reduced their erosive potential on enamel significantly (West et

al., 2003, Hooper et al., 2004a).

1.3.1.4.2 Industrial/environmental erosion

Industrial erosion is caused by exposure to various types of acidic contaminants in
the workplace such as chemicals, petrochemicals, metals, semiconductors and airborne
dust (Elsbury et al., 1951, Skogedal et al., 1977, Malcolm and Paul, 1961, Enbom et al.,
1986, Petersen and Henmar, 1988, Petersen and Gormsen, 1991, Tuominen et al., 1991,
Amin et al., 2001, Kim and Douglass, 2003, Johansson et al., 2005, Jokstad et al., 2005,
Cope and Dupras, 2009).

A systematic review of 42 studies addressing industrial erosion concluded that
battery and galvanising workers were at highest risk of dental erosion (Wiegand and Attin,
2007). Differences in study design and lack of existing randomised case-control studies do
not allow for statistical analysis. The review concluded that the risk of erosion as well as

its severity increases with increasing concentration of the acid or increasing exposure time.

Although limited evidence exists, there seems to be an association between tooth
erosion and swimming. An epidemiological survey reported that 12% of swimmers and 39%
of swim team members suffer from dental erosion (Centerwall et al., 1986). Other studies
have also agreed with these findings and concluded that the cause of erosion was the low

pH gas-chlorinated pool water (Geurtsen, 2000).

1.3.1.4.3 Drug-related erosion

Various drugs have been associated with tooth erosion. Aspirin possesses an
erosive potential slightly lower than citric acid, especially if chewed or not buffered
(Hannig et al., 1992, Rogalla et al., 1992, Grace et al., 2004, McNally et al., 2006). Anti-
asthmatic drugs in the powder form such as beclomethasone diproprionate, fluticasone,

salmeterol and terbutaline sulphate have a pH lower than 5.5 and are more acidic than
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aerosol versions. Hence, patients prescribed these drugs are at a risk of developing tooth
erosion (O'Sullivan and Curzon, 1998). Asthmatic patients are also prone to developing
gastroesophageal reflux disorder (GORD) (Stordal et al., 2006). Furthermore, effervescent

vitamin-C has also been associated with erosion (Meurman and Murtomaa, 1986).

Other drugs have been found to cause xerostomia, which leads to the impairment of
the buffering capability of the saliva to acidic exposure (Fox et al., 1985). The most
commonly implicated drugs are: alpha receptor antagonists, anticholinergics, radioiodine,
atropinics, muscarinic receptor antagonists, HIV protease inhibitors, antidepressants and
antipsychotics (Friedlander and Mahler, 2001, Scully, 2003, Al-Hiyasat et al., 2006,
Tschoppe et al., 2010).

1.3.1.4.3.1 Ecstasy

Less commonly known as 3,4-methylenedioxymethamphetamine (MDMA) is a
highly addictive powerful stimulant (Hamamoto and Rhodus, 2009). Ecstasy users suffer
from xerostomia which prevents the salivary buffering and clearance of any dietary acids
(Dicugno et al., 1981, Duxbury, 1993). Furthermore, Milosevic et al.,(1999) reported that
93% of ecstasy users consumed a mean of three cans of carbonated drinks per ‘trip’.
Another study identified that out of 3,503 study participants, 66% reported consuming
alcohol in combination with ecstasy (Tossmann et al., 2001). As a compounding factor,
ecstasy users frequently report jaw clenching and teeth grinding during ecstasy use (Cohen,
1995, Harris et al., 2002, McGrath and Chan, 2005). A study reported that 60% of ecstasy
users suffered from advanced tooth wear extending into the dentine compared to 11% of
non-users. Also, the route of administration had a significant association with severity of
tooth wear with snorting methamphetamine causing the highest anterior tooth wear
(Richards and Brofeldt, 2000). Dopaminergic, serotonergic and adrenergic system
affecting drugs have been found to exacerbate bruxist activity in humans (Winocur et al.,

2003).

1.3.1.4.3.2 Oral care products

Some oral care products, including fluoride-free toothpastes as well as some
mouthwashes have also demonstrated an erosive potential through the reduction in enamel
surface micro-hardness (Lussi and Hellwig, 2001, Pontefract et al., 2001, Pretty et al.,
2003).
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1.3.1.4.4 Gastroesophageal reflux disease (GORD/GERD)

GORD/GERD is defined by the Montreal evidence-based consensus as a condition
that develops when the reflux of stomach contents causes troublesome symptoms and/or
complications. The characteristic symptoms of GORD include heartburn, regurgitation and
chest pain resembling ischemic cardiac pain (Vakil et al., 2006). GORD is a common
condition with a prevalence that varies in different parts of the world. 20-30% of the
population in Western Europe and North America have been diagnosed with GORD
(Stanghellini, 1999, Tougas et al., 1999, Dent et al., 2005).

GORD is often first diagnosed by dentists through observation of its oral
manifestations (Barron et al., 2003, Holbrook et al., 2009). Gastric refluxate has a pH of
less than 2.0 and thus has the potential to cause dental erosion (Lazarchik and Filler, 2000).
A systematic review was carried out to review the existing literature assessing the
relationship between GORD and dental erosion (Pace et al., 2008). Seventeen studies
fulfilled the selection criteria. The review concluded that there was a large variance in the
prevalence of dental erosion in GORD. Dental erosion was present in 5 — 47.5% of GORD
patients. Alternatively, 21 — 83% of dental erosion patients suffered from GORD.
Furthermore, a controlled descriptive study and double-blind placebo-controlled clinical
study concluded that nocturnal bruxism might be secondary to nocturnal GORD, occurring
via sleep arousal and often together with swallowing (Miyawaki et al., 2003). Rhythmic
masticatory muscle activity and clenching episodes were also found to be significantly
higher during decreased esophageal pH episodes especially during supine position

(Miyawaki et al., 2004).

1.3.1.4.5 Eating disorders

Eating disorders include anorexia nervosa, bulimia and rumination. Eating
disorders have been associated with tooth erosion. They are a group of psychopathological
disorders affecting patient relationship with food and his/her own body. This is manifested
through distorted or chaotic eating behaviour (Lo Russo et al., 2008). Teenage females are

particularly prone to eating disorders (O'Sullivan and Milosevic, 2008).

Dental erosion can be frequently encountered in eating disorders’ patients. It is
estimated that between 35 — 38% of eating disorder patients suffer from tooth erosion
(Simmons et al., 1986, Roberts and Li, 1987). This is particularly evident on the palatal

surfaces of anterior and posterior teeth (Jarvinen et al., 1992, Chadwick and Mitchell,
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2001). This could be caused by purging behaviour of gastric acidic contents (Hellstrom,
1977, Hurst et al., 1977) or elevated consumption of carbonated drinks to boost energy
(O'Sullivan and Curzon, 2000) or to decrease the reflex hunger stimulus (Moazzez et al.,

2000a, Al-Dlaigan et al., 2001a).

Hypersalivation occurs in advance of vomiting, as frequently seen in individuals
suffering from voluntary regurgitation such as anorexia nervosa, bulimia nervosa and
rumination (Lee and Linden, 1992). On the other hand, GORD patients do not possess this
protective mechanism prior to gastric refluxation as this is an involuntary action. Hence,
no increase in salivary output is present to counter-balance the gastric refluxate (Saksena R

etal., 1999).
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Figure 1.1: Summary of the main aetiological factors of dental erosion based on

source of erosive element, whether intrinsic or extrinsic.
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Table 1.1: The effect of carbonated/ fizzy drinks on dental enamel. The erosive

potential of 6 out of 15 drinks analysed by measuring in-vitro pH, weight loss (WL),

surface loss (SL) and release of calcium ions ACa from human enamel using white-

light non-contact surface profilometry. Adapted from Cochrane et al., 2009

pH pH WL SL ACa
Beverage
(initial) (decarbonated) (mg/mm?) (nm) (nmol/mm?)

Coca-Cola 2.39 2.86 0.79+0.13 | 7.04+0.29 10.89+1.89
Pepsi 2.36 2.78 0.73+0.10 | 7.07+1.28 10.44+1.94
Pepsi Max 2.79 3.07 0.51+£0.05 | 4.64+2.18 6.90+0.47
Coca-Cola 2.97 321 0.39£0.10 | 5.8440.95 | 5.34+1.44
Zero
Sprite 3.02 3.23 0.31+£0.05 | 2.39+0.70 4.97+0.55
Diet

3.05 3.30 0.30+0.00 | 4.20+1.33 4.14+0.44

Coca-Cola
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1.3.2 Attrition

Attrition is defined as the loss of tooth tissue/tooth wear due to friction between opposing
teeth. Hence, attrition is considered as a direct resultant of occlusion (Van't Spijker et al.,

2007).

1.3.2.1 Aetiology of attrition

Attrition is associated with para-functional oromandibular or lingual activities that
may include, alone or in combination: jaw clenching, bruxism, tooth grinding, tooth
tapping, cheek, lip or tongue biting, tongue pushing against teeth, licking lips, tongue
protrusion, gum chewing, object biting, hypersalivation/swallowing, backward or forward
or lateral head or jaw posturing (Kampe et al., 1996, Winocur et al., 2001, Kato et al., 2003,
Lavigne et al., 2008).

Attrition is one of the main signs of bruxism, with tooth wear progressing faster in
bruxers than in non-bruxers from a study observing 15 patients (Xhonga, 1977). The
hypothesis was that grinding forces are extremely destructive due to their lateral rather
than occlussal direction (Nadler, 1966). Tsiggos et al. (2008) examined 180 participants
and classified them into 2 groups (50 self-reported bruxers and 52 non-bruxers) based-on 2
questionnaires regarding grinding and/or clenching of their teeth (Tsiggos et al., 2008).
Anterior or posterior dental attrition was assessed by two calibrated examiners on
diagnostic casts. Results of the study demonstrated there was a significant association
between self-reported bruxism and attrition. The study concluded that signs of dental

attrition might help differentiate self-reported bruxers from non-bruxer subjects.

However, more recent studies seem to demonstrate that the assumed relationship
between attrition and bruxism should be taken with caution. Eighty-four participants
previously diagnosed with TMD, based on the Research Diagnostic Criteria for TMD,
were examined in a study aimed at identifying the association between wear facets,
bruxism and severity of facial pain in TMD patients (Pergamalian et al., 2003). Tooth wear
facets on mandibular casts were measured using a 4-point scale by one calibrated examiner.
Bruxism was assessed using a standardised pre-treatment questionnaire. The study
concluded that there was no significant association between bruxism, TMJ pain or muscle

pain and tooth wear. Another study investigated the use of tooth wear as a discriminator
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between sleep bruxers and controls in 130 participants (Abe et al., 2009). The study
concluded that although tooth wear discriminates between sleep bruxers with a current
history of tooth grinding from non-bruxers, its diagnostic value is modest as it failed to

discriminate the severity of sleep bruxism.

A systematic review of 33 studies concluded that attrition seems to co-exist with
self-reported bruxism (Van't Spijker et al., 2007). However, since all previous associations
between attrition and bruxism were based on self-reported bruxism, such associations
might not be reliable as many patients might not be aware of their bruxing behaviour

(Lavigne et al., 1996).

1.3.2.1.1 Bruxism

The term 'la bruxomanie' was first coined by Marie Pietkiewicz in 1907
(Pietkiewicz, 1907). Bruxism is a stereotyped oral motor disorder, characterised by teeth
grinding and clenching during sleep as well as during wakefulness (ICSD, 2005, Lobbezoo
et al.,, 2006). The bruxing movement usually occurs without patient awareness through
rhythmic or sustained-tonic contractions of the masseter and other jaw muscles (Bader and

Lavigne, 2000).

A host of dental problems have been associated with bruxism. These include
attrition such as mechanical wear, resulting from para-function, and limited to the
contacting surfaces of the teeth (Xhonga, 1977), hypertrophied masticatory muscles
(Svensson et al., 2001, Farella et al., 2010) , fractures / failures of restorations or dental
implants (Lobbezoo et al., 2006) or headache and temporomandibular disorder pain in the
masticatory system (TMD pain)(Glaros et al., 1998, Michelotti et al., 2010, Manfredini
and Lobbezoo, 2010).

1.3.2.1.1.1 Risk factors of bruxism

There are a number of risk factors associated with bruxism, including: TMD, dental
erosion, smoking, anxiety and stress. Other less established correlations have been
associated between bruxism and genetics (Horowitz, 1963, Lindqvis.B, 1974), drugs

(Winocur et al., 2003) and respiratory disturbances (Gold et al., 2003).
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Bruxism and TMDs
Tempromandibular disorders (TMD) is a collective term that describes a number of
clinical complaints involving the muscles of mastication, tempromandibular joints and

associated orofacial structures (Glaros and Burton, 2004, Johansson et al., 2004).

A study examined the relationship between the frequency of sleep bruxism and
TMD on 195 participants using a BiteStrip®. The BiteStrip® (www.bitestrip.com) was
used to indicate the total sleep bruxism events per night on a 4-grade score (Nagamatsu-
Sakaguchi et al., 2008). The study demonstrated that there was a significant relationship
between the presence of TMJ clicking and severe bruxism. This comes in agreement with
the findings of another study examining the association between para-functions (diurnal
clenching and/or grinding and nail-biting) and TMDs (Michelotti et al., 2010). Results
demonstrated that daytime clenching/grinding was a significant risk factor for myofascial

pain, with females more prone to it than males.

On the other hand, a study was carried out on 646 participants, aged 35-44. The aim
of the study was to examine the association between self-reported TMD pain and anterior
tooth wear as an indicator for long-term bruxing behaviour (Schierz et al., 2007). The
study concluded that a clinically relevant dose-response relationship does not appear to
exist. A systematic review of the literature between 1998 to 2008 examined forty six
articles and concluded that studies that used more quantitative and specific methods to
diagnose bruxism, rather than self-reporting, demonstrated a much lower association

between bruxism and TMD (Manfredini and Lobbezoo, 2010).

Bruxism and erosion

A number of studies have reported an association between GORD/GERD and
nocturnal/sleep bruxism (Miyawaki et al., 2003, Miyawaki et al., 2004, Gharaibeh et al.,
2010). The association between nocturnal bruxism and GORD/GERD was examined in a
study involving 10 bruxers and 10 non-bruxers matched for height, weight, age and sex
(Miyawaki et al., 2003). Bruxers demonstrated a significantly higher frequency of
nocturnal rhythmic masticatory muscle activity episodes, and a higher frequency and
percentage of time of gastroesophygeal reflux episodes when compared to non-bruxers.
Another study concluded that clenching episodes occurred in-relation to gastroesophygeal
reflux especially in supine position (Miyawaki et al., 2004). One hundred and four patients

suffering from excessive tooth wear from South-East Queensland were divided into
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bruxers, non-bruxers and possible bruxers (Khan et al., 1998). The presence of

occlussal attrition or erosion was identified using epoxy resin dental casts scanned using
an electron microscope. The study compared the incidence of erosion versus attrition
across all three groups. Results of the study demonstrated that erosion existed in all
sextants in all 3 groups. The only exception was the mandibular anterior sextant where
attrition was noted more often in bruxers. The study concluded that even if the patient is
suspected of having bruxism, dental erosion is more likely to be the cause of the observed

tooth wear.

Bruxism and smoking

There is evidence to show an association between bruxing and smoking. A
nationwide survey of two thousand and nineteen Canadians examining the relationship
between restless legs syndrome, sleep bruxism and smoking demonstrated a trend between
self-reported bruxism and smoking (p=0.056) (Lavigne et al., 1997). A nationwide
Finnish twin cohort study of 3,124 participants concluded that weekly bruxers were more
than 2 times more likely to report heavy smoking than non-bruxers (Rintakoski et al.,
2010b). A 24-month follow-up study of 205 participants classified into bruxers and
controls observed that smokers were 2.4 times as likely to report frequent bruxism

compared to non-smokers (Nunn, 2005).

Bruxism and anxiety/stress

A cross-sectional telephone survey of 13,057 participants in the United Kingdom,
Germany and Italy was aimed at identifying the risk factors associated with sleep bruxism
(Ohayon et al., 2001). The study reported an 8.2% prevalence of participants grinding
their teeth at least weekly. The results also demonstrated that participants suffering from
anxiety, stress, smoking, heavy alcohol drinkers, loud snoring and caffeine were all at a
higher risk of reporting sleep bruxism. Another study involved 1,784 participants, aged
between 30 to 55 years, attempted to examine the relationship between reported bruxism
and stress experience using questionnaires (Ahlberg et al., 2002). The study demonstrated
a significantly positive association between bruxism and severe stress experiences. This is
in agreement with Giraki et al. (2010) who observed the correlation between stress and
sleep bruxism in sixty nine participants (Giraki et al., 2010). The study used questionnaires
and a Bruxocore-Bruxism-Monitoring device. The study concluded that participants with

high sleep bruxism activity tend to feel more stressed at work and in their daily life.
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1.3.2.1.2 Physiological attrition

Some investigators have argued that attrition is a part of the normal ageing
physiological process rather than a pathological condition requiring intervention (Berry
and Poole, 1974). They hypothesised through comparison with other mammals, in-
particular herbivores, that humans have an adapting mechanism to compensate for the
tooth wear. This mechanism involves the deposition of secondary dentine, alveolar growth
and muscle adaptation. Berry and Pole concluded that because of this compensation
mechanism, then attrition, whatever its extent, can never be excessive. Although some
anthropological evidence seem to support this theory (Johansson et al., 2008, Forshaw,

2009), the hypothesis remains unproven (Bartlett and Dugmore, 2008).

Attrition has been observed in all age groups (Smith and Robb, 1996, Khan et al.,
1998, Strausz et al., 2010). However, the decision on whether the observed attrition is
pathological or age-related seems to depend on the clinical judgement of the assessor. This
arises from the absence of a scientific, defined and reproducible threshold that
distinguishes between physiological and pathological patterns of wear. State health care
authorities, private insurance schemes, industry, dentists and patients all have different
interpretations on what is pathological and what is not (Bartlett and Dugmore, 2008,

Koyano et al., 2008).

Further detrimental effects of attrition on the dentition include loss of occlusal
vertical dimension (Owen et al., 1991), loss of essential tooth morphology and change in
masticatory efficiency (Luke and Lucas, 1983), tooth mobility (Pavone, 1985) breach of
occlusal enamel, dentine exposure and pulpal involvement (Ingle, 1960, Tronstad and

Langelan, 1971).

1.3.2.2 Clinical appearance of attrition

The appearance of atypical facets (bruxofacets) on the teeth remains one of the
main clinical signs of attrition. These facets are flat, smooth, shiny areas with sharp well-
defined edges that correspond with the antagonist tooth when the mandible is moved more
than 3.5mm from centric occlusion in a lateral excursion (Lindqvis.B, 1974, Khan et al.,
1998). The wear generally occurs on the incisal edges of the anterior teeth and on the
cusps and restorations of the posterior teeth (Glaros and Rao, 1977, Kelleher and Bishop,
1999).
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Other non-tooth-related signs are tongue indentations and linea-alba on the
buccal mucosa due to tongue thrusting and cheek-biting concomitant with bruxism

(Wiktorsson et al., 1997).
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1.3.3 Abrasion

Abrasion is defined as the pathological wearing of dental hard tissue through mechanical
forces by repeated introduction of foreign bodies into the oral cavity, which are in contact
with the teeth (Levitch et al., 1994, Imfeld, 1996a). If the teeth are worn by friction from
the food bolus forced by the tongue, lips and cheeks during mastication, this wear is then

termed ‘’masticatory abrasion’’(Grippo et al., 2004).

1.3.3.1 Clinical appearance of abrasion

Abrasion has been associated with non-carious cervical lesions and considered as
one of their aetiological factors. These lesions are more common on the buccal surfaces of
upper and lower anterior teeth and lower posterior teeth (Khan et al., 1999). Abrasion
lesions tend to be wedge-shaped, located at the cement-enamel junction, free of plaque and
not discoloured (Levitch et al., 1994). On the other hand, other in-vitro studies were able
to create non-carious cervical lesions of varying shapes, sizes and surface textures (flat,
cup-shaped, smooth and striated) through tooth brushing with toothpaste being the sole
aetiological factor (Dzakovich and Oslak, 2008). The study demonstrated that attempting
to identify aetiology of non-carious cervical lesion based only on clinical appearance could
be challenging. Furthermore, abrasion lesions could be present on the incisal and occlusal
surfaces of teeth if caused by certain para-functional or occupational habits (Jokstad et al.,

2005, Barbour and Rees, 2006).

1.3.3.2 Aetiology of abrasion

There are a number of aetiological factors associated with abrasion. The most common

factors relate to oral hygiene care, mainly tooth brushing and the use of dentifrices.

Abrasion can also occur due to certain habits, such as: pipe smoking, improper use
of dental floss and toothpicks, chewing tobacco, biting pencils, pens and finger-nails
(Faulkner, 1990, Gupta, 1990). Partial-denture clasps tend to abrade hard-tissue of
abutment teeth (Ahmad et al., 1992). Occupational abrasion was also noted amongst tailors;
shoemakers, glassblowers and wind-instrument musicians who tend to use their teeth in

their occupations (Gupta, 1990, Prpi¢-Mehici¢ G, 1998, Kovacevic and Belojevic, 2006).
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1.3.3.2.1 Abrasion and tooth brushing

A study examined the brushing habits of 103 participants in Giessen/Germany
(Ganss et al., 2009) and evaluated the frequency, duration, technique and force of brushing.
The results of the study demonstrated that 22% of the participants used horizontal tooth
brushing movements. Horizontal brushing has been proven to cause 2 to 3 times as much
tooth wear when compared to vertical brushing (Sangnes, 1976). Studies have
demonstrated that normal tooth brushing alone does not cause any significant enamel wear
and only minute dentine wear being restricted to the smear layer (Manly et al., 1965, Absi

et al., 1992).

Whitening toothpastes contain particles know as abrasives. These abrasives are
insoluble components added to toothpaste to aid in stain-removal. These abrasives include
hydrated silica, calcium carbonate, dicalcium phosphate dehydrate, calcium pyrophosphate,
alumina, perlite and sodium bicarbonate (Hefferren, 1998). The abrasive wear rate/relative
dentine abrasivity (RDA) increases linearly as the abrasive particle size increases (De Boer

et al., 1985, Macdonald et al., 2010).

A systematic review of 35 publications, through a meta-analysis, found no
difference in safety of oscillating-rotating powered brushes when compared to manual
toothbrushes in sound enamel and dentine (Van der Weijden et al., 2011). The review
concluded that oscillating-rotating powered toothbrushes do not pose a clinically relevant

concern to hard or soft tissues.

1.3.3.2.2 Abrasion and erosion

A single-blinded, randomized, cross-over design study involving fifteen
participants aimed at examining the interplay between abrasion and erosion in enamel and
dentine (Hooper et al., 2003). Over a 10-day period, participants wore an upper removable
acrylic appliance between 0900 and 1700. The appliance contained one polished enamel
and one polished dentine specimen. The specimens were then exposed to one of five
regimes: drinking water and brushing with one of two toothpastes, drinking orange juice or
drinking orange juice and brushing with one of two toothpastes. Drinking and brushing
times were regulated and measurement of tissue loss was made on day 5 and day 10 using
a profilometer. The study demonstrated that dentine wore more than enamel across all
regimes. For enamel, there was significant tooth wear with orange juice and brushing, but

no significant difference with brushing alone. For dentine, many specimens demonstrated
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tooth wear that exceeded the profilometer’s 50um limit. Dentine tooth wear was

significant across all regimes.

Brushing of demineralised dentine with a load exceeding 4 newton produced 225—
462 nm of tooth wear (Wiegand et al., 2007). The use of rotating, oscillating, sonic, or
ultrasonic brushing action was associated with mineral loss of eroded dentine ranging
between 9.94-16.45 pum after exposure to 20 brushing cycles, 30 seconds each, after
demineralisation with 1% citric acid and remineralisation with artificial saliva (Wiegand et
al., 2006). Toothbrushes with 0.2 mm filament diameter caused higher eroded enamel loss
than 0.15 and 0.25 mm filaments (Wiegand et al., 2008). Furthermore, there are conflicting
results in regards to the abrasiveness of different types of toothbrushes and their ability to
carry toothpaste. Some studies demonstrated that soft toothbrushes caused more tooth wear
than harder ones (Dyer et al., 2000). DeBoer at al., (1985) demonstrated that moderate
toothbrushes caused more tooth wear. While Veronets el al., (2008) demonstrated no

difference between the abrasivity of soft and hard tooth brushes.

A synergistic mechanism seems to exist between erosion and abrasion. Acidic
exposure leads to demineralisation of hard tissues, resulting in a decrease in surface
hardness and creating a surface that is more susceptible to physical impacts (Lussi and
Jaeggi, 2008). A thirty-minute interval between an erosive exposure and tooth brushing
grants dentin protection from further tooth wear through salivary buffering and smear layer
reformation (Attin et al., 2004, Dawes, 2008, Joiner et al., 2008). Furthermore, Absi et al.,
(1992) advocated that dentists should consider advising their patients to brush their teeth
prior to eating. This is due to the reformation of the smear layer post-tooth brushing that

provides protection against acidic exposure (Absi et al., 1992).

A number of abrasion studies tend to exaggerate clinical conditions intentionally.
These studies often produce a higher amount of wear than in the clinical situation,
especially as modifying biological factors such as salivary buffering and pellicle protection,

are not simulated adequately (Wiegand and Attin, 2011).



39

1.3.4 Non-Carious Cervical Lesions

Non-carious cervical lesions (NCCLs) are defined as the loss of hard-tissue tooth substance
at the cement-enamel junction through processes unrelated to caries (Bader et al., 1993,
Mair, 1992, Levitch et al., 1994). Other terms used to describe the lesions are ‘cervical
erosion/abrasion’ lesions and abfractions (Bartlett and Shah, 2006). NCCLs may lead to
tooth sensitivity, increased plaque retention, poor aesthetics and compromised pulp vitality

(Michael et al., 2010).

1.3.4.1 Clinical Appearance of NCCLs

NCCLs occur in various forms and on different tooth surfaces. The most
characteristic form is the angular V or wedge-shaped lesion when viewing the tooth
laterally (Lee and Eakle, 1984, Rees et al., 2003). They are more common on the buccal
and labial aspects of teeth, more common in premolars and molars than canines and
increase in number and size with age (Aw et al., 2002, Bernhardt et al., 2006, Wood et al.,

2008).
Two studies have attempted to classify NCCLs according to their clinical
appearance (Table 1.2) and the type of tooth tissue involved (Table 1.3) (Micahel et al.,

2010, Grippo, 1991).

1.3.4.2 Aetiology of NCCLs

The aetiology of NCCLs has been widely accepted as being multi-factorial. Such
factors include intrinsic or extrinsic erosion and tooth brushing or dentifrices abrasion. A
possible role of occlusal stress from abfraction and bruxism has been suggested (Bergstrom
and Eliasson, 1988a, Bergstrom and Eliasson, 1988b, Levitch et al., 1994, Rees, 2006).
These factors can interact or operate independently (Bergstrom and Eliasson, 1988b,
Braem et al., 1992, Grippo et al., 2004, Bernhardt et al., 2006, Wood et al., 2008, Bartlett
and Shah, 2006). In many cases, the predominant main aetiological factor behind the
observed NCCL might not be obvious and quite difficult to diagnose (Bartlett and Shah,
2006, Michael et al., 2009, Michael et al., 2010).

1.3.4.2.1 The concept of Abfraction
Abfraction means to ‘break away’ (Braem et al., 1992). The term was first coined

in 1991 by Grippo, evolving through the work of Lee and Eakle (1984). Excessive cyclic,
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non-axial occlusal tooth loading (biomechanical loading) leads to cusp flexure and
stress concentration in the cement-enamel junction. The result is tooth structure loss
through loss of bond between the hydroxyapatite crystals. This initially leads to crack
initiation that progresses and makes the tooth susceptible to further breakdown and bulk
enamel loss via erosion and abrasion (Xhonga, 1977, Lee and Eakle, 1984, Grippo, 1991,
Braem et al., 1992, Rees, 1998, Palamara et al., 2000, Lee et al., 2002, Grippo et al., 2004,
Rees and Hammadeh, 2004, Borcic et al., 2005, Rees, 2006).

Finite Elemental Analysis (FEA) studies have demonstrated that eccentrically
loaded premolars demonstrate high stresses in the cervical region (Rees, 1998, Palamara et
al., 2000, Lee et al., 2002). This also occurs with maxillary incisors (Rees et al., 2003),
teeth in malocclusion (Borcic et al., 2005) and axially loaded teeth (Palamara et al., 2001).
These FEA studies have used different force magnitudes in their FEA models and assumed
different physical properties of dental tissues. FEA studies are also limited in their ability
to simulate the biological dynamics of the oral environment that encompasses not only the
teeth but their supporting structures also (Rees and Hammadeh, 2004, Wood et al., 2008,
Michael et al., 2009).

The theory of abfraction is based on a limited number of engineering analyses
studies consisting of Finite Elemental Analysis (FEA) and photo-elastic models. Very little
clinical evidence supports abfraction as the primary aetiological factor behind NCCL or
that abfraction even exists (Litonjua et al., 2003, Bartlett and Shah, 2006, Michael et al.,
2009, Shah et al., 2009, Wood et al., 2009). Furthermore, a study investigating the
association between cervical wear and occlusal wear with periodontal parameters in 30
patients (mean age 59.3+8.9), demonstrated that cervical wear was significantly associated
with less plaque accumulation, lack of mobility and the presence of shallow pockets,
suggesting that the relatively healthy periodontal status presented in cervial wear patients is
due to the role of abrasion as the main aetiology for the noted NCCLs (Pikdoken et al.,
2011).

1.3.4.3 Prevalence of NCCLs

The prevalence of NCCL has been reported to vary between 2 and 90% (Shulman
and Robinson, 1948, Bergstrom and Lavstedt, 1979, Bergstrom and Eliasson, 1988a,
Levitch et al., 1994, Smith and Robb, 1996, Aw et al., 2002, Bardsley et al., 2004, Borcic
et al., 2004, Bernhardt et al., 2006). This large variation reflects the relatively few studies
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reporting the prevalence of cervical tooth wear, the inclusion of different populations,
small sample sizes, variations in diagnosis as well as terminology used (Bartlett and Shah,

2006, Wood et al., 2009).



Table 1.2: Classification of NCCLs according to clinical appearance. Adapted
from Michael et al., 2010.
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Shallow * Depth <0.5mm

Concave *  Depth > 0.5mm

*  Well-defined internal-line angles
Wedge-shaped
* Flat internal floors

* Short corono-apical height (0.5 - 1mm)
Notched NCCL
* Long mesio-distal length (4 - 6mm)

Irregular NCCL * Can't be categorised




Table 1.3: Classification of NCCLs according to tooth tissue involved. Adapted

from Grippo, 1991.
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Enamel abfractions

Hairline cracks
Striations
Saucer-shaped
Semi-lunar

Cusp-tip invagination

Dentine abfractions

Gingival
Circumferential
Multiple
Sub-gingival
Lingual
Interproximal
Alternate
Angular

Crown margin

Restoration margin
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1.4 Mental health and tooth wear

Although tooth wear can have detrimental dental effects, yet it can also serve as an
important screening and diagnostic criteria for identifying a number of mental and
psychological conditions and disorders (Robb and Smith, 1990, Robb and Smith, 1996,
Bracha et al., 2005, Hamamoto and Rhodus, 2009, Gungormus and Erciyas, 2009). Mental
health is a serious issue, with stress, anxiety and depression accounting for the loss of 56
million working days in the UK due to sickness absences at an estimated cost of £4.1
billion (Confederation of British Industry, 2005). Across Europe, the UK has the highest
prevalence rates of common mental disorders amongst general practice attendees, at 18.8%
for men and 18.2% for women (King et al., 2008). Furthermore, according to the 2007
Adult Psychiatric Survey of England, covering 13171 households, 15.1% of interviewed
adults demonstrated clinically significant neurotic symptoms in the week prior to the
interview (Bebbington et al., 2009). Dentists and Dental care professionals (DCPs) have a
key role in identifying certain mental conditions and managing/referring them to the
appropriate healthcare professional/s. This role can be achieved through the successful
diagnosis of the aetiology underlying the observed tooth wear, which in many cases is

mentally or psychologically derived.

There are a number of psychological and mental conditions that are manifested
dentally in the form of tooth wear. This section will discuss the comorbidity of these
conditions and the relevance of other medical conditions and lifestyle factors, such as
gastroesophageal reflux disorder (GORD), smoking and diet, in the expression of tooth

wear.
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1.4.1 Depression

The World Health Organization (WHO) in the International Classification of Diseases
(ICD-10) defined depression as a mental disorder characterised by a depressed mood, loss
of interest and enjoyment, and reduced energy leading to increased fatigability and
diminished activity (World Health Organization, 1992). Other common symptoms of
depression include: reduced self-esteem and self-confidence, ideas of guilt and
unworthiness, ideas of acts of self-harm or suicide, disturbed sleep and diminished appetite.
On the other hand, stress is defined as any threat to the homeostasis of an organism,
whether it is physical, psychological, environmental or derived from within the individual
(Selye, 1936). Moreover, stress can be a predisposing factor of depression through
depletion of serotonin, dopamine and norepinephrine (Anisman and Zacharko, 1982, Caspi

et al., 2003).

It is estimated that 9% of British adults suffer from mixed anxiety and depression;
making it the most commonly diagnosed mental disorder in the UK (Singleton et al., 2003,
Bebbington et al., 2009). Eleven per cent of the Scottish population aged 15 and over use
antidepressants on a daily basis (Audit Scotland, 2011). Depression has a high recurrence
rate with 50% of depression patients suffering from a second major episode (Kupfer, 1991).
Furthermore, 50% of patients initially diagnosed with depression had a persistent diagnosis
of the condition one year later (Simon et al., 2002). There is also evidence to support an
association between stress, depression and GORD. A study of 4600 participants
demonstrated a significantly higher prevalence (p<0.001) of anxiety, depression and
hostility in participants with GORD symptoms versus those without (Lee et al., 2006). The
results of this study agree with those obtained by others (Avidan et al., 2001, Wright et al.,
2005, Richard Locke et al., 2004, Martin-Merino et al., 2010). Furthermore, thirty per cent
of people with depressive episodes experience lifetime alcohol use problems (Sullivan et
al., 2005) and are twice as likely to smoke compared to those without any neurotic

disorders (Coulthard et al., 2002).

Tooth wear and depression
Studies have demonstrated an association between depression, stress, anxiety and tooth
wear. A cross-sectional survey of 13057 participants in the UK, Germany and Italy

reported that participants who suffered from anxiety, stress, smoking, and heavy alcohol
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drinkers were at a higher risk of reporting sleep bruxism with 8.2% of participants
grinding their teeth at least weekly (Ohayon et al., 2001). Another study involving 1784
participants, aged between 30 to 55 years, examined the relationship between reported
bruxism and stress experience using questionnaires (Ahlberg et al., 2002). The study
demonstrated a significantly positive association between bruxism and severe stress
experiences. Psychosocial job stress, low social support from supervisors or colleagues
and high depressive symptoms demonstrated a significantly increased risk of bruxism in a
study involving 2680 participants (Nakata et al., 2008). These findings tend to agree with
those of other studies demonstrating a significant association between tooth wear,
depression, stress and emotional stability (Uchida et al., 2008, Gungormus and Erciyas,
2009, Giraki et al., 2010, Strausz et al., 2010, Sutin et al., 2010, Abekura et al., 2011,
Fernandes et al., 2012).

There is an evident comorbidity between depression, GORD, alcohol abuse and
smoking, with tooth wear being one of the main dental manifestations of such disorders

(Table 1).

GORD is often first diagnosed by dentists through observation of tooth wear (Barron et al.,
2003, Holbrook et al., 2009). A systematic review of the existing literature was carried out
to assess the relationship between GORD and dental erosion (Pace et al., 2008). The
review concluded that dental erosion was present in 5 — 47.5% of GORD patients.
Research has also demonstrated that nocturnal bruxism can be secondary to acid reflux
episodes (Miyawaki et al., 2003, Miyawaki et al., 2004, Machado et al., 2007). There is
also some evidence supporting an association between GORD, alcohol intake and smoking
(Kaltenbach et al., 2006, Wildner-Christensen et al., 2006). Furthermore, nicotine-intake is
significantly associated with bruxism, with bruxers twice as likely to report heavy smoking

(Rintakoski et al., 2010a, Ahlberg et al., 2004).
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1.4.2 Eating disorders

The two main eating disorders (ED) of importance to dentistry are anorexia nervosa and
bulimia nervosa. According to the ICD-10, anorexia nervosa is a disorder characterised by
deliberate weight loss, induced and/or sustained by the patient and occurring most
commonly in adolescent girls and young women (World Health Organization, 1992). The
ICD-10 further states that one of the definitive diagnostic criteria for anorexia nervosa is
the presence of a body-image distortion in the form of a specific psychopathology. There
maybe associated depressive or obsessional symptoms, as well as features of a personality
disorder. On the other hand, bulimia nervosa is a syndrome characterised by repeated
bouts of overeating and an excessive preoccupation with the control of body weight,
leading the patient to adopt extreme measures to mitigate the ‘’fattening’ effects of
ingested food. Bulimia nervosa shares the same psychopathology, age and sex distribution
as anorexia nervosa, but the age of presentation tends to be slightly older (World Health

Organization, 1992).

In the UK, anorexia nervosa is reported to affect 1.9% of women and 0.2% of men,
and 0.5% and 1% respectively for bulimia nervosa (Wiles et al., 2006). The most common
comorbid psychiatric condition in ED is major depression (Herzog et al., 1992, Braun et al.,
1994, Bulik et al., 1997). Moreover, the average number of weekly vomits of 371 ED
patients was reported to be between 5.13 — 9.17 times per week, with 26.3 — 35.2% of ED
patients reporting drug/substance abuse (Krug et al., 2009). High rates of alcohol use
disorders, smoking and nicotine dependence are prevalent amongst ED patients
(Wiederman and Pryor, 1996, Franko et al., 2005, Anzengruber et al., 2006, Piran and
Robinson, 2006, Baker et al., 2010). Furthermore, a study of seventy-eight ED patients and
thirty-two healthy controls demonstrated that ED patients consumed on average between
16.3 — 39.5 cans of diet beverages per week compared to 7.4 cans for healthy controls

(Klein et al., 2006).

Tooth wear and eating disorders

Dental erosion can be frequently encountered in ED patients. It is estimated that between
35 — 38% of ED patients suffer from tooth erosion (Simmons et al., 1986, Roberts and Li,
1987). A matched case-control study comparing the oral health of fifty-four ED patients
and fifty-four healthy participants, matched for gender and age, demonstrated that the
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prevalence of severe tooth wear was significantly higher (p=0.005) in ED patients at 38%
compared to 11% of controls (Johansson et al., 2012). Tooth wear is particularly evident
on the palatal surfaces of anterior and posterior teeth (Jarvinen et al., 1992, Chadwick and
Mitchell, 2001) and is caused by the purging behaviour of gastric acidic contents
(Hellstrom, 1977, Hurst et al., 1977) and the elevated consumption of acidic carbonated
drinks to boost energy or decrease the reflex hunger stimulus (Moazzez et al., 2000a, Al-
Dlaigan et al., 2001b, El Aidi et al., 2011). The association between ED, alcohol
consumption, drug use and smoking can further exacerbate tooth wear. The psychological
stress, high comorbidity of depression in ED and smoking can trigger bruxism, as
previously discussed (Gungormus and Erciyas, 2009). The association between alcohol,

drug use and tooth wear will be discussed later in this paper.

The chances of dentists and DCPs coming across ED patients are quite high
(Milosevic, 1999), hence they have a crucial role in identifying ED patients and
appropriately managing them. On the other hand, a study involving 202 dentists and 367
dental hygienists, demonstrated low scores concerning knowledge of oral and physical
cues of anorexia and bulimia amongst study participants (DeBate et al., 2005). More dental
hygienists than dentists correctly identified oral manifestations of ED (p=0.001).
Additionally, female dentists tend to have greater knowledge of oral manifestations of ED
compared to male dentists (p=0.001) (DeBate et al., 2006). Eighty six per cent of dentists
reported that they needed more training in dental management of patients with ED,

according to a study involving 258 dentists (Johansson et al., 2009).
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1.4.3 Alcohol use disorders

The WHO adopted the term ‘alcohol use disorders’ to denote mental, physical and
behavioural conditions of clinical relevance associated with the use of alcohol (World
Health Organization, 2012). Alcohol use disorders include acute intoxication, harmful use,
dependence syndrome, withdrawal syndrome, psychotic disorders and amnesic syndrome.
Disorders of special interest are: harmful use and dependence syndrome. Harmful use is
defined as a pattern of use that causes damage to health whether physical or mental. On the
other hand, dependence syndrome is a cluster of psychological, behavioural and cognitive
phenomena in which substance use (such as alcohol or psychoactive drug use) takes a
higher priority than other behaviours despite harmful consequences (World Health

Organization, 1992).

According to the Prime Minister’s Strategy Unit interim analytical report of 2003,
it is estimated that in Britain there are 1.8 million people who are very heavy consumers of
alcohol, at 50 units for men and 35 units for women per week (Prime Minister's Strategy
Unit, 2003b). The report also estimated that 7% of Britain’s adult population is alcohol
dependent. A quarter of British adults (26%) were assessed as being harmful/hazardous
alcohol drinkers (Singleton et al., 2003).

Furthermore, alcohol dependency was associated with neurotic symptoms, major
depression and GORD. Neurotic symptoms are present in 30% of those with an alcohol
dependency syndrome (Coulthard et al., 2002). The presence of an alcohol use disorder
doubled the risk of presence of major depression (Boden and Fergusson, 2011). Likewise,
GORD symptoms are present in patients with alcohol dependency (Simmons and

Thompson, 1987, Wildner-Christensen et al., 2006).

Tooth wear and alcohol use disorders

Dental erosion is prevalent amongst patients with alcohol dependency and individuals with
high wine consumption (Robb and Smith, 1990, Mandel, 2005). A study demonstrated that
49.4% of alcohol dependency patients undergoing rehabilitation suffered from enamel
and/or dentine erosion lesions (Manarte et al., 2009a). The tooth wear risk of alcohol use

disorders arises, not only from the acidic erosive potential of alcohol, but also from the
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high comorbidity between alcohol, depression, GORD and smoking, as previously

discussed.

Current practices and intentions to provide alcohol-related health advice in primary
dental care were examined in a study that involved 175 General Dental Practitioners
(GDPs) randomly selected from across Scotland (Shepherd et al., 2011). The results of the
study demonstrated that GDPs had relatively poor knowledge on recommended alcohol
consumption guidelines and associated risk. Furthermore, GDPs demonstrated a low
intention to provide alcohol related advice and exhibited a lack of positive attitude and

efficacy towards delivering such advice.
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1.4.4 Drug use disorders

The definition of drug use disorders have been previously discussed in reference to
harmful use and dependency syndrome definitions, present in the WHO’s ICD-10 (World
Health Organization, 1992).

In Britain, between 3.7 - 4% of the population is considered to be drug dependent
(Singleton et al., 2003, Coulthard et al., 2002). The 2003, Prime Minister’s Strategy Unit’s
Drugs report stated that the UK had over three million drug users (Prime Minister's
Strategy Unit, 2003a). The report estimated that, in England and Wales alone, there were
over one million amphetamine and ecstasy users in the previous year, with half of them
reporting use in the past month. Amphetamines, methamphetamines (MAP) and ecstasy
(3,4-methylenedioxymethamphetamine, MDMA) are psychostimulant drugs possessing
hallucinogenic and excitatory properties caused by their dopaminergic, serotonergic and
adrenergic systemic effects (Cho and Melega, 2001). Moreover, MDMA is frequently used
in-combination with cannabis (71%), amphetamine (29%) or cocaine (25%) (Tossmann et

al., 2001).

The comorbidity of drug and alcohol abuse, depression and eating disorders is well
documented. Psychiatric disorders are present in 45% of drug dependents (Singleton et al.,
2003). The use of psychostimulants is significantly higher in eating disorders patients
(»<0.001) compared to healthy controls, at 17.2 and 6.2% respectively (Krug et al., 2008).
MDMA users are at higher risk (53% of users) of developing psychopathological
disturbances, with depression reported as the most frequent disturbance (Schifano et al.,
1998). Furthermore, a study including 3503 participants reported that 66% of ecstasy users
consumed alcohol in combination with MDMA (Tossmann et al., 2001). Another study
reported that 93% of MDMA users consumed a mean of three cans of carbonated drinks

per ‘trip’ (Milosevic et al., 1999).

Tooth wear and drug use disorders

A study of three hundred and one MAP dependents demonstrated that 22% of them have
been aware of bruxing behaviour and tooth erosion for the past 6 years (Shetty et al., 2010).
Furthermore, MAP users who snorted the drug had a significantly higher prevalence of

tooth wear (p=0.005) in their anterior maxillary teeth, when compared to users who
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injected, smoked or ingested the drug. MDMA users had a higher prevalence and

severity of tooth wear (60%) when compared to non-users (11%), with 93% of MDMA
users reporting xerostomia and 89% of them reporting clenching or grinding after taking
the drug (Milosevic et al., 1999). The high consumption of carbonated drinks and alcohol
(to combat dehydration) and bulimic episodes associated with drug use further compound

the present tooth wear through the introduction of an erosive element.

Dental disease may provide a stable and specific medical marker for identifying
MAP users, with dentists capable of participating in collaborative care of MAP users

through early detection of drug-related oral/dental cues (Shetty et al., 2010).
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1.4.5 Mental health, tooth wear and management challenges

Patients with mental health disorders comprise a significant cohort of society that dentists
and DCPs will frequently encounter in practice. The management of this patient cohort can
be challenging, both medically and dentally. Dentists and DCPs can have an important
contribution towards the well being of these patients through early identification of present
oral manifestations, appropriate management of the patient and successive oral state

monitoring.

Early identification emanates through knowledge and understanding of physical
and oral/dental signs, with tooth wear being one of the major ones, of potentially
underlying medical conditions. On the other hand, management of patients with mental
health disorders can be challenging. Attempting to obtain an accurate patient history, to
assist in identifying the underlying aetiology, can be elusive and requires training. Hence,
referral to an appropriate healthcare professional (General Medical Practitioner, Clinical
Psychologist, Hypnotherapist, Psychiatrist, etc.) might be necessary for a definitive
diagnosis and appropriate medical care. Furthermore, dental management can present its
own challenges. Assessing and managing tooth wear falls under Primary Care provision as
stated by the UK’s General Dental Council’s learning outcomes for registration, published
in May 2011 (General Dental Council, 2011).

On the other hand, patients with mental and psychological conditions can also fall
under the provision of Special Care Dentistry according to the Joint Advisory Committee
of Special Care Dentistry, as patients who have ‘a physical, sensory, intellectual, mental,
medical, emotional or social impairment or disability or, more often, a combination of a

number of these factors’ (British Society for Disability and Oral Health, 2007).

Further complicating matters, many of these patients present with severe/advanced
tooth wear requiring complex treatment plans and potentially a full-mouth rehabilitation
approach. With the shortage of present dental literature related to rehabilitation of tooth
wear of suitable scientific quality to be included within critical reviews, and the absence of
documented outcomes of various tooth wear rehabilitation approaches (Johansson et al.,

2008), a definitive treatment plan can be challenging and referral to Secondary/Specialist
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Care becomes inevitable. As a result, a clear and definitive dental care pathway for

tooth wear patients with mental health disorders seems to be lacking.

Finally, dentists and DCPs can assist in monitoring patients’ response and
compliance to undergoing medical treatment/therapy through routine monitoring of tooth
wear progression. This can be accomplished through the use of dental casts and intraoral
clinical examination to identify the rate of progression of tooth wear. Moreover, recent
advances in 3D scanning technology can offer an early and accurate means of monitoring

tooth wear (Rodriguez et al., 2012a).
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1.5 Assessment of tooth wear

In order to quantify the severity and progression of tooth wear, various techniques and
indices are available (Johansson et al., 2008). The objective role of a tooth wear index is to
classify and record the severity of tooth wear in prevalence and incidence studies (Bartlett
et al., 2008). Unfortunately, an objective, accurate and reliable measurement that monitors
tooth wear is difficult to achieve (Azzopardi et al., 2001). The available diagnostic indices
are either subjective, for example monitoring casts (Bartlett, 2003, Bartlett et al., 2005,
Wetselaar et al., 2009) or lack sensitivity in detecting early tooth wear and inadequate in
describing the range of wear observed (Donachie and Walls, 1995, Steele and Walls, 2000,
Young et al., 2008, Curca and Danila, 2010). Furthermore, relatively newly proposed
scoring systems are yet to be tested on a wide scale and lack researcher agreement and
consensus (Bartlett et al., 2008, Bartlett, 2010, Mulic et al., 2010, Vailati and Belser, 2010).
Thereby, there is not one ideal index that can be used for epidemiological prevalence

studies for clinical staging and monitoring of tooth wear (Bardsley, 2008).

These inherent deficiencies in currently available diagnostic tools raise questions in
the capability of clinicians towards diagnosing, assessing and possibly treating dental wear.
This is further compounded by the multifactorial nature of tooth wear and the variability in
its clinical presentation (Meyers, 2008b). Moreover, current assessment regimes do not
provide information as to whether the detected tooth wear is pathological, with its
incidence and severity increasing with age and requiring restorative intervention, or merely
physiological as a result of age and requiring no clinical intervention. This decision-
making process is further complicated by the lack of agreement upon acceptable
physiological thresholds of tooth wear (Bartlett and Dugmore, 2008, Ganss, 2008, Young
et al., 2008, Van't Spijker et al., 2009). This might explain the lack of dental literature
related to rehabilitation of tooth wear that may be deemed of suitable scientific quality to
be included within critical reviews accompanied by an absence of documented outcomes
of various tooth wear rehabilitation approaches (Johansson et al., 2008). On the other hand,
recent technological advances in 3D scanning might offer a more objective and reliable

method for monitoring the progression of clinical tooth wear and accurately quantifying it.
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1.5.1 Tooth wear indices

The objective of a tooth wear index is to classify and record the severity of tooth wear in
prevalence and incidence studies (Bardsley, 2008). Currently, a plethora of tooth wear
indices exist that have been developed and used in the past 30 years (Eccles, 1979, Smith
and Knight, 1984c, Grippo, 1991, Imfeld, 1996a, Lussi, 1996, Bardsley et al., 2004,
Hooper et al., 2004b, Fares et al., 2009, Wetselaar et al., 2009, Bartlett, 2010, Vailati and
Belser, 2010). These indices are usually numerical, grading or classifying tooth wear based
on partial or full-mouth recording, relying on the ability of clinicians to detect the extent of
dentine exposure, and varying in their complexity, from the more detailed and narrative

indices to the more simple or basic ones.

One of the earliest indices developed was the Eccles index in 1979 (Eccles, 1979).
Highly narrative and exceedingly detailed in-nature, the index classified lesions to three
classes to be assigned to each of the four visible surfaces of examined teeth (Table 1.4).
However, the Eccles index established the foundations for one of the most widely used
indices for recording tooth wear, the 1984 Smith and Knight’s Tooth wear index (TWI)
(Smith and Knight, 1984a) (Table 1.5). The Smith and Knight index, and its modifications
(Donachie and Walls, 1995, Al-Majed et al., 2002, Nunn et al., 2003, Dugmore and Rock,
2004a), remains the most Medline-cited index in cross-sectional studies involving adults
(Berg-Beckhoff et al., 2008). Recording the presence of tooth wear in full-dentition,
regardless of its aetiology, the index was originally designed for epidemiological studies,
rather than being tailored for individual treatment needs. However, given the amount of
data generated (examination involved all four visible surfaces of all teeth present), the
index was time consuming requiring operator training and standardisation with problems
arising with inter- and intra-examiner reliability (Young et al., 2008, Lopez Frias et al.,
2012). Furthermore, Donachie and Walls challenged the Smith and Knight index-
suggested threshold levels for pathological tooth wear and concluded that those thresholds
could be misleading when used with older age groups experiencing what might be age-
related physiological tooth wear (Donachie and Walls, 1996). Other indices have also been
developed to specifically address tooth erosion (Lussi, 1996), relying on extent of dentine
involvement and arbitrary quantification of lesions’ size to grade the identified erosion

(Table 1.6).
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Recently, newly developed indices are more simplified, aimed towards screening
and recording the identified tooth wear, rather than monitoring and quantifying the
progression of the condition. The Basic Erosive Wear Examination (BEWE) (Table 1.7) is
based on the Basic Periodontal Examination (BPE) and employs the same protocols
(Bartlett et al., 2008, Bartlett, 2010). The index relies on the identification of the tooth with
the most severe tooth wear in each quadrant and scoring it, based on the index, from a
score of zero (denoting no tooth wear) to a score of three (>50% hard-tissue loss). The
scoring is repeated in all quadrants to give a cumulative score of zero to a maximum of 18.
However, the authors do acknowledge that the distinction between the cumulative scores
are arbitrary and are not based on research but instead on clinical experience. Similarly,
the simplified tooth wear index is a partial-recording index (Table 1.8), although it relies
on degree of dentine-exposure as a classification indicator (Margaritis et al., 2011).
Another newly developed index that solely addresses anterior maxillary teeth is the ACE
classification (Table 1.9) (Vailati and Christoph Belser, 2010). The classification also
offers suggestions for various treatment modalities based on the classification of detected

tooth wear.

Others have investigated the BEWE and demonstrated that the index was capable
of predicting moderate to severe tooth wear, showing a similar distribution of scores to the
Smith and Knight index and can be used an effective screening tool (Dixon et al., 2012).
However, the study concluded that moderate levels of examiner reliability, unacceptable
variation between examiners when assessing extent of dentine exposure, emphasise the

importance of examiner calibration and caution when interpreting BEWE scores.

On the other hand, the continuous evolution and development of tooth wear indices
presents a number of challenges. All present indices, and the conclusions of studies
employing them, are either not comparable (as a result of use of a different or a modified
index), have no consensus on use of terminology, or use indicators that are subjective,
open to interpretation or poorly reproducible (Ganss et al., 2011). The majority of current
tooth wear indices rely on detection of extent of dentine exposure, through colour or
morphological changes, as a means for scoring the presence of tooth wear. However,
classifying tooth wear based on dentine exposure has been demonstrated to be difficult,
poorly reproducible and lacks evidence to support its use as a prognostic tooth wear
indicator (Ganss et al., 2006, Holbrook and Ganss, 2008). Many of these indices do no

take full-advantage of previously taken study casts as a valuable archived reference of the
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state of the patients’ dentition (Bartlett, 2003). Furthermore, current tooth wear indices

have not been calibrated against a so-called gold standard (being a method, procedure or
measurement that is widely accepted as being the best available) and lack sufficient
supporting studies that favour the use of one index over others (Bardsley, 2008, Berg-
Beckhoff et al., 2008). Moreover, the lack of indices capable of accurately quantifying
tooth wear has resulted in the absence of clearly defined thresholds differentiating
pathological from physiological tooth wear and therefore establishing evidence-based
management recommendations (Young et al., 2008) Hence, systematic research in the use

of tooth wear indices remains lacking (Ganss, 2008).

A universal tooth wear index needs to fulfil a number requirements. The index
should ideally be (Berg-Beckhoff et al., 2008, Young et al., 2008):

* Clinically applicable in general dental practice addressing individual patient-needs

* Adaptable for epidemiological prevalence studies

* Suitable for monitoring progression or arrestment of tooth wear

* Feasible for use in adults and children

* (alibrated and validated against a gold-standard where all quality criteria have
been assessed

* Reproducible

* Capable of accurately quantifying distribution of tooth wear

* (Capable of indicating treatment needs

Achieving an ideal tooth wear index, attaining all the aforementioned requirements,
remains difficult. The solution might lie in the development of two tooth wear indices: a
population-based index, and an individual-based clinical index. The former would serve as
an initial screening tool, demonstrating incidence and prevalence, while the latter would

quantify, monitor and indicate individual treatment needs.



Table 1.4: Eccles index for dental erosion of non-industrial origin (1979).

Class

Class 1

Surface

Criteria

Early stages of erosion, absence of developmental
ridges, smooth, surfaces of maxillary incisors and

canines

Class II

Facial

Dentine involved for less than 1/3 surface; two types.
Type 1 (commonest): ovoid-crescent in outline,
concave in cross differentiate from wedge shaped
abrasion lesions. Type 2: irregular lesion entirely

within crown. Punched out.

Class I11a

Facial

More extensive destruction of dentine, affecting
anterior teeth part of the surface, but some are localised

and hollowed out.

Class I1Ib

Lingual or

palatal

Dentine eroded for more than 1/3 of surface area.
Gingival white, etched appearance. Incisal edges
translucent, flat or hollowed out, often extending into

secondary dentine.

Class Illc

Incisal or

occlusal

Surface involved into dentine, appearing flattened or
with cupping. Undermined enamel; restorations are

raised above surrounding.

Class I11d

All

Severely affected teeth, where both labial and lingual

surfaces maybe affected; teeth are shortened
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Table 1.5: Smith and Knight tooth wear index (1984). B: buccal; L: lingual; O:

occlusal; I: incisal; C: cervical.

Score Surface Criteria
B/L/O/1 No loss of enamel surface characteristics
0
C No loss of contour
B/L/O/1 Loss of enamel characteristics
1 C Minimal loss of contour
B/L/O Loss of enamel exposing dentine for less than 1/3 of surface
2 I Loss of enamel just exposing dentine
C Defect less that 1mm deep
B/L/O Loss of enamel exposing dentine for more than 1/3 of surface
3 I Loss of enamel and substantial loss of dentine
C Defect less than 1-2mm deep
Complete enamel loss - pulp exposure - secondary dentine
B/L/O
exposure
4 I Pulp exposure or exposure of secondary dentine
C Defect more than 2mm deep - pulp exposure - secondary
dentine exposure
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Table 1.6: Lussi’s index for grading the severity of dentine loss (1996).

Score

Facial surfaces

Features

No erosion, glazed appearance, absence of developmental ridges

0

possible
1 Loss of surface enamel, dentine not involved
2 Erosion into dentine <50% of affected surface
3 Erosion into dentine >50% of affected surface

Other surfaces

No erosion, glazed appearance, absence of developmental ridges

0

possible

Slight erosion, rounded cusps, restorations stand proud of enamel,
1

no dentine erosion
2 Severe erosion, more pronounced than score 1, dentine involved
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Table 1.7: Basic erosive wear examination (BEWE) (2008).

Score Features

0 No erosive tooth wear
1 Initial loss of surface texture
2 Distinct defect, hard tissue loss <50% of the surface area

K] Hard tissue loss >50% of the surface area




Table 1.8: Simplified tooth wear index (S-TWI) (2011).

Score Features

0 No wear in dentine
Dentine just visible (including cupping) or dentine exposed for less
1 than 1/3 of surface
2 Dentine exposure greater than 1/3 of surface
3 Exposure of pulp or secondary dentine
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Table 1.9: ACE classification for anterior maxillary teeth (2010).

Incisal
Palatal Palatal Facial Pulp Suggested
Edge
Enamel Dentine Enamel Vitality Therapy
Length
No
restorative
Class Not
Reduced Preserved | Preserved | Preserved | treatment -
I exposed
prevention
only
Lost in
Class Minimally Palatal
contact Preserved | Preserved | Preserved
11 exposed composites
areas
Class Distinctly Lost Palatal
Lost Preserved | Preserved
I exposed <2mm onlays
Lost
Class Extensively Sandwich
Lost greater Preserved | Preserved
v exposed approach
than 2mm
Lost Distinctly
Class Extensively Sandwich
Lost greater reduced/ Preserved
\% exposed approach
than 2mm | lost
Lost
Class Extensively Sandwich
Lost greater Lost Lost
VI exposed approach

than 2mm
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A prospective survey of secondary

care tooth wear referrals:
demographics, reasons for
concern and referral outcomes

K. E. Ahmed,*’ C. A Murray’ and C. J. Whitters®

e
e
 concerms and exgectatiors.

tooth wear and scioecsnonic
Geprhvation In patients.

Aim To provide a descriptive investigation of general dental practitioners’ (GDPs) referrals to Glasgow Dental Hospital and
Schoal for management of tooth wear. Materials and methods One hundred and twenty-four patient-referals were re-
viewed over 3 12 manth period. A questionnaire was also completed by patients and three reviewing consultants to identify
patient demographics, patient perception, consultant’s diagnasis and referral cutcome. Results Overall survey return-rate
was 67% of 124 included referrals. Males represented 729 of referrals compared to 28% for females (p - 0.001). A significant
percentage of patients inhabited the mast-deprived areas (59%, p - 0.002). Sixty-one percent of patients were aware of their
tooth wear within the past five years. Aesthetics was the primary concem for 54% of patients (p - 0.001). Attrition was the
main aeticlogy of tooth wear in 51% of referraks [p - 0.001). Ninety-two percent of patients (n - 76/83) did not require spe-
cialist treatment and were consequently retumed to their GDP, referred for hypnotherapy or reviewed later. Conclusion There
was 2 significant association between socizl deprivation and tooth wear in GDP referrals to a secondary care dental facility.
Males aware of their tooth wear for the preceding five years, presenting with appearance as their main complint and display-
ing evidence of attrition were more likely to be referred by GDPs for specialist management or advice.

INTRODUCTION

Tooth wear, also referred f0 as tooth surface
loss (TSL) or soa-carious tooth surface loss
(NCTS1), has been defined a5 pathological
tooth tissue loss by a peocess other than
dental caries’ Tooth wear has 3 measurable
Impact on patient satisfaction I terms of
appearance, pain levels, oral comfort, general
performance, chewing and eating capacity ™
The main actiological factors of tooth wear
am emsion, atirition and abeasion.

Dental erosion Is tooth surface Joss of
enamed and/or deatine caused by chemical/
acid action from Iatrinsic, extrinsic and/or
eavironmental Sctors not imvolving bacterial
action.** Dental erosios may arise from

conditioas Including gastroesoptageal reflux
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and eating disoeders or from dietary factors
such as a high Intake of carboaated drinks,
alcohol, frult or frult julce coasumption.* *
Attritioa Is caused by friction between
opposing teeth 2ad Is frequently associated
with para-functional temporomandibular or
lingual habits® Such activities may Include
alone or In combination: jaw clenching, tooth
grindiag/bruxism, tooth tapping, cheek, lip
or toaguoe biting, tongue thrusting, licking
lips, toague peotrusion, gum chewlag, object
biting, hyper-salivation/swallowing or Jaw
posturing.=® Abrasioa 1s the pathological
wearing of dental hard tissue through
mechanical forces by repeated Introduction
of foreign bodies Into the oral cavity In
contact with the dentition. ™ There are 2
number of actiological factors assoclated
with abrasion with the most commoa
refating to oral hyglene care, primarily tooth
teushing and use of dentifrices ™' Abrasion
may also occur doe to certaln habits such as
pipe smoking, Impeoper use of dental floss
and toothpicks, chewing tobacco or biting
pencils, pens and fingemalls. '™ »

The percentage of adults preseating with
severe tooth wear has been confirmed to
Increase from 3% at the age of 20 to 17%
at the age of 70, thereby demoastrating a

retationship with Increasing age.”?
The Adult Health Survey of 2009 estimated
that 77% of dentate adults In England,
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Wales and Northern Ireiand demonstrated
signs of tooth wear extending to deatine In
their anterior teeth, with prevalence of tooth
wear Increasing with age.™ Several studies
have demonstrated a relaticaship between
gender and tooth wear. Indeed, males are
assoclated with 2 higher peevalence of tooth
wear compared to females.™ ™

Studies Investigating the assoclation
between socloeconomic status and tooth
wear have mainly focused on dental erosion
In children and adolescents. Those stodies
demoastrated a higher prevalence of dental
erosion among patients from deprived
socloeconomic groups when compared to
less deprived cohorts. ™ = Moreover, children
living In northern reglons of the UK are
twice as likely to suffer from dental erosion
compared to those living in London and
the South-East™ In contrast, other stodies
have ideatified 3 higher prevalence of
deatal erosion In less depeived populations
when compared to more deprived cohorts™
Further lnvestigation Is needed to clarify
the relationship between socloeconomic
deprivation and tooth wear In adults and
whether socloeconomic status can be
coasidered s 2 risk factor In adults.

Acconding to the Geaeral Dental Councll
(GDC), assessment and management of tooth
wear falls under the provision of primary
care, as outiined In the May 2011 published
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leamning outcomes wpon registration, (1O
number 1.12.1)™ However, current tooth
wear assessment regimes geacrally do mot
provide Information as to whether the
detected tooth wear Is pathological and
poteatially requiring restocative intervention,
or physiological a5 a natural result of age
and requiring mo clinical Intervention.™
The treatment decision-making process Is
farther complicated by kack of agreement
upon acceptadle thresholds In rates of
tooth wear.™™ This might explala Nmited
avallability of published studles related
to rehabilitation of tooth wear that are of
sultable scleatific quality to be Included
within critical reviews and documented
outcomes of varius tooth wear retabilitation
approaches =* Hence, with the lack of an
evidence-based tooth wear management
consensus, tooth wear mamagement can
become extremely challeaging.

Nevertheless, recent technological
advances Ia 3D lmaging may potentially
provide am objective quantitative means
to measure tooth surface loss that rely on
physical measurements rather than relying
upoa climical subjective lndices. ™= This
objective asessment of tooth wear s made
possible through the rapid capture of 3D
digitised lmages of 2 patient’s dentition,
whether directly fn sfeo or tn vifro from
deatal casts.

The aim of this prospective survey was

to provide a descriptive lnvestigation of the
patient cohort referred by general deatal

practitiomers (GDPs) within Scotland to a
secondary care setting for management
of tooth wear and Identify outcomes of
the patient referral pathway. The survey
would assist In Identifylng assoclations
between certala patient factors, soch as
socloeconomic status, gender, age, actiology
of tooth wear, treatment needs, and their
referral to secondary care and whether
they can be considered as tooth wear risk
factors that can ald clinkians In diagnosing
and appropriately masaging tooth wear.
Furthermore, the referral outcome would
assist In further developing current
secondary care referral pathways through
potential improvements to referral system

and/or GDP awareness.

MATERIALS AND METHODS

A pruspective survey study was undertaken
at Glasgow Dental Hospital and School
(GDHAS) during 1 April 2010 to 30 Aprl
2011. Ethical approval was provided by
the West of Scotiand Ethics Committee
(10/50709/59).

A tooth wear analysks questionsalee was
formulated comprising three main sections
(Appendix 1) Section A was completed

2

Table 1 Distribution of referred tooth wear patients within most deprived to least deprived
categories, ssing SIMD quintiies based on patients’ postcode data

Vo zeperemd) WA
2 Pl
3 NN
'l W (%)

§ Jeast ceprived) uinw)
Elark (formmion nat ghen) 802N

Table 2 Distribution of tooth wear referrals based on age groups.-

13- 016N
n-a (5%
42-52 (5%
838 padere ]
-3 15(12%

Table 3 Distribution of patieat concerns when requesting 2 secondary care referral for thelr
tooth wear

Resthetics Y BOsN 43548
Function 10 ) 0 W2
Seesttaty TN®) 13 57%) 025%
QOtrer SN 20 T

Return to GO 9N
Hyprothesspy BN
Reamn N
Secondary case Feaiment 7%

by the screening auditor to collect patient
demographic data and referral Information.
Section B was compieted by the patient during
their restorative specialist coasultation and
addressed patient-perception of their tooth
wear condition. Section C was compileted by
the recelving consultant to recoed diagnosis
and referral outcome. Only patients referred
by GDPs solely for tooth wear mamagement
and assessment were Included In this study.
If there were other reasons for referral
stated In the referral letter, then the patient
was excluded from study participation. A
convenlence sample of 124 referrals was
calculated for lnclusion In the stody during
the 12 moath time period. Included patients

were reviewed by three restorative dentistry
coasultants at GDHAaS.

Before Initial consultation, patient recomds
were reviewed to identify patients refemed by
GDPs o GDHES for tooth wear management.
Once tooth wear referrals were ientified and
Section A of the questioanaire completed,
the study questioanalre was attached to
patients’ reconds and completed by the
patient and recelving restorative consultant.
Questioanaires were then collected at the
end of each new patient consultation clinic
for analysis.

In order to determine socloeconomic
deprivation level of referred patients
based upoa the Scottish Index for Multiple
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Deprivation (SIMD) Scottish Health Board
quintiles™ the patient post-code data
was recorded

Statistical analysls was performed using
SPSS™ (refease 18.0.0) and MiniTab™
(release 15.1.30.0.). In accoedance with the
determined sample size, 3 Fishers exact
test was used to test differences between
proportioas.

RESULTS

One hundred and twenty-four patient
referrals for tooth wear were identifled
and Included In this pllot study.
Elghty questionnaires were completed by
patients for part B and 83 questioanalres
compieted by the reviewing consultant for
part C. The over-all retumn rate of Incloded
tooth wear stody referrals was 67% (n = 83).

There was a sigaificant differeace
(p = 0.001) between the number of male
and female patients referred for tooth wear
management, with 72% (a = 89) of tooth
wear referrals being male compared fo 28%
(n = 35) female. A greater number of referred
patients (59%) intabited the mast deprived
areas (quintiles one and two, acconding fo
the Scottish Index for Multiple Deprivation),
this being sigaificantly higher (p = 0.002)
than those Inhabiting the least deprived
areas (Table 1). Attrition was mentioned
as the undertylng actiological cause of
tooth wear in 40% (n = 50) of GDF referral
letters, followed by erosion (15% n = 18)
and 10% (= = 12) identifying 3 combination
of attritioa and eroslon. There was no
meation of the actiological cause of tooth
wear In 35% (@ = 44) of GDP referral letters.
Im 90% (n = 121) of patient referrals, no
dental study casts were sent with the GDP
referral. Seventy-two percent of referred
patients wese between the ages of 31 and 63,
which represented a significant difference
(p = 0.001) when compared to other age
groups (19-30 and 64-79) within the
study (Table 2).

The percestage of patients previously
aware of thelr tooth wear condition for
less than six years was significantly higher
(p = 0.007, & = 49) 3t 61% compand to those
aware of the coadition for six to ten years
(= = 17, 21%) or over ten years (n = 14,
18%). The number of tooth wear patieats
either coacerned or severely concerned by
their tooth wear conditioa was sgntcantly
greater (2 = 71, p = 0.001) than those not
coacerned by the condition (= = 9, 11%,)
Arsthetics was the principal reason for
concern In 54% of study patients (9%

thelr main reasoas for concern at 25% and
12% respectivedy.

Attrition was diagnosed by restorative
specialists as the primary actiological cause
of tooth wear In 51% of referrals (n - 42).
This was sigaificantly higher (p = 0.001)
than tooth wear diagnosed as a result of
erosioa (17%, n = 14) or a combination of
attrition and evosion (32%, & = 27). Seventy-
eight patients, represeating 92% of returned
referral questionaaices, were assessed as not
requiring specialist treatment Intervention
and were Instead returned to their GDP with
a treatment plan, referred for a course of
hypaotherapy to address undertying bruxism
behaviour or seen for farther review within
the secoadary care setting to moalior tooth
wear progressioa (Table 41

DISCUSSION

The alms of this pliot study wese to provide 2
descriptive Investigation of 2 patient cohort
referred by GDPs to a secoadary care setting
for mamagrment of tooth wear and determine
outcomes of the patient referral pathway.
The overall patient return rate of the survey
was 67%, which compares favourably to
similar studies™ Limited consultation time
and patients not attending on the day of
consultation contributed towards the varylng
return rates

Thirty-five percent of GDP patient seferral
letters examined In this stody did not recond
amy undertying actiological causes for the
observed tooth wear. Furthermoee, 98% of
referrals did not Inclode diagrostic study casts
that might potentially assist in identifying
tooth wear peogression over 3 ghven time
period and presenting the recelving specialist
with 2 basedine comparisoa.

The findings of this study demoastrate
that referred tooth wear patients within this
Scottish sub-population were more likely to
be young o middie-aged males Inhabiting
socioeconomically deprived areas who were
concerned by their tooth wear condition
for which aesthetics was thelr main reason
for coacern. These findings are comparable
to other studies investigating different
geographical populations where males
predominated GDP tooth wear referrals,
aesthetics was the primary presenting
complaiat and soclkoeconomic deprivation
and age were directly associated with tooth
wear A

An understanding of the demographics
and needs of tooth wear patients will assist
in delivering the appropriate care that these
patients require and seek. Furthermore,
Meatifying the various Bctors assoclated
with tooth wear, such a5 bruxism, aesthetic
concemns and socloeconomic deprivation,
will hedp towands diagnosing and managing
other undertying disorders that might be
concomitant with tooth wear, such as stress,

depression, eating disoeders, alcohol and
drug dependencies™ Indeed, In this study
we Identified 3 predominance of patients
originating from lower soclosconomic
groupings withia the tooth wear referral
cohort. This s of particular redevance to
the population Involved In this stody as
Glasgow suffers from 2 30% Increased
rate of premature deaths compared to
cities of similar socloeconomic depeivation
distribution In the UK and moce than half
the excess deaths ocourring in males under
the age of 65 are dinectly related to alcohol
and drogs™

Referral to secondary care can be
coasidered 2s part of the overall management
process of tooth wear, through provision
of a treatment plan or speclalist clinkal
management of severefadvanced tooth
wear cases. Interestingly, a substantial
majority (92%) of referred tooth wear
patieats were ideatified as not requiring
clinkal specialist treatment. These findings
tend to ralse questions with regard to the

extent of tooth wear management In primary
care. Furthermore, the lack of mention of

a diagnosed aetiological cause and lack
of Inclusion of study casts of the patient’s
dentition at an eariler time point might divest
meviewing consultants of valuble diagnostic
data. These fladings Imply a meed for
Increased awareness among primary dental
care providers with regand to management of
tooth wear, which can be provided through
coatinued professional development.

In order to further Improve secoadary
care provisioa for tooth wear patieats, 2
moee specific tooth wear referral system
meeds to be implemented. This referral
system needs to ensure the Inclusion of the
diagnosed, undertying actiological factor(s)
of the cbserved tooth wear and the patient’s
priacipal reason of concern costributing
towands the referral. Furthermoee, the neferral
letter should also mention any previous tooth
wear management attempts carried out by
the referring GDP, such as dietary advice,
splint therapy, oral hyglene advie and/
or composite bulid-ups. Dental casts taken
previously cas be sent with the referral letter
or presented by the patient on the day of
asultation, 3= this would present 2 baseline
mparison t0 the patient’s current dentition.

CONCLUSION

Based ca the findings of this study, patients
referred by geseral dental practitiosers to
Glasgow Deatal Hospital and School for
management of tooth wear are moee likely
to be males between the ages of 31-63 and
Inhabditing a socloeconomically deprived
area. Generally, patients wese awase of thelr
tooth wear coadition withia the peeceding

2
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frve years and were either concerned or
severely coacerned by thelr condition with
dental aesthetics being Identified as the
primary cause of coacern. Aftrition was
determined to be the primary cause of tooth
wear and the majority of referred patients
did not requice specialist Intervention. The
majority of tooth wear cases were returned
to the referring dental peactitioner with
a treatment plan, referred for 3 course of
hypaotherapy treatment or reviewed by
a specialist for monltoring of tooth wear
progression. Moreover, these fladings
highlight the need for Increased awareness In
primary dental cace with regaed f0 tooth wear
management and development of curreat

referral system In secoadary dental case.
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