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ABSTRACT

On Dental Erosion and Associated Factors

Ann-Katrin Johansson, 2002
Department of Cariology, Faculty of Odontology, Sahigrenska Academy at Goteborg
University, Box 450, SE-405 30 Gdteborg, Sweden

The aim of this thesis was to explore aspects of dental erosion by investigating its prevalence
among young Saudi men and young children, develop a system for its assessment and to
evaluate various tentative background factors that may be associated with its occurrence.

Saudi military inductees (n=95) were subjected to questionnaire and clinical examination,
including recordings of severity of dental erosion and a number of other oral health parameters.
The system applied for grading the severity of dental erosion showed an intraexaminer
agreement of 78%. Around one-fourth of the maxillary anterior tooth surfaces exhibited
pronounced dental erosion and the average soft drink consumption was 247 liters/year. High
level of soft drink consumption and long retention time of the drink in the mouth before
swallowing, intensified oral hygiene, mouth breathing and low gingival bleeding index were
found to have significant correlations with the presence of dental erosiot.. Furthermore, less
plaque on maxillary palatal tooth surfaces, increased numbers of buceal cervical defects, first
permanent molar “cuppings”, missing teeth, and lower salivary urea content had significant
correlations with the severity of dental erosion.

High intake of acidic drinks and fruits, upper respiratory tract problems and frequent taking
of medication were common findings in young Saudi children (n=16) with severe dental
erosion. The clinical diagnosis of erosion in deciduous teeth was confirmed by SEM. Enamel
from various healthy teeth were subjected to microhardness measurements before and after in
vitro exposure to citric acid. Deciduous enamel was found to be softer and relatively more
prone to erosion than permanent enamel but the potential for erosion was about the same
regardless of the origin of the teeth.

Six methods of drinking a sugar-free cola-type drink were assessed in two groups of healthy
volunteers. Intraoral pH was measured at specific locations and at predetermined time points
using the microtouch method (n=12), and continuously by using telemetric measuremeni (1=6).
Of the six methods tested, those in which the drink was in contact with the tooth surface for a
prolonged period of time were found to strongly affect intraoral pi.

It may be concluded from this thesis that dental erosion i common among young Saudi men
and that erosion is associated with many etiological, aggravating and modifying factors.
Consumption of soft drinks, amount of palatal plaque on maxillary anterior teeth and salivary
urea concentration are some factors refated to erosion. The presence of dental erosion in
children is likely to be associated with a sumber of general health and dietary factors but is also
aggravated by the relatively more rapid progression of erosion in the deciduous teeth. Drinking
method seems to be an important factor in the risk of developing dental erosion.

Key words: Denta] erosion - dental plaque - drinking method - epidemiology - oral hygiene -
saliva - soft drinks - tooth enamel - urea
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INTRODUCTION

One of the most commonly used
definitions of dental erosion is "loss
of dental hard tissue by a chemical
process that does not involve
bacteria” . The process involves an
undersaturation of both hydroxyl-
and fluorapatite under conditions of
low pH, with the surface of the tooth
removed layer by layer”. In its early
stage, the clinical appearance of
erosion is such that it is easy to
overlook, bearing in mind that there
will be no discoloration of the tooth,
nor any stickiness during probing of
the lesion, and perhaps only limited
or no symptoms. In the late stage of
dental erosion, the clinical signs are
more  obvious. Whenever the
morphology of the tooth surface has
changed, without having been
influenced by a mechanical force or
dental caries, the diagnosis of dental
erosion should be considered (Fig 1.
and Fig. 2). In addition, in cases of
severe tooth wear, dental erosion
should always be considered as a
likely sustaining factor. Indeed, there
is a strong belief among many
researchers that erosion may be the
main contributory factor in severe
tooth wear and that attrition and
abrasion are of lesser importance™®.
The surface appearance of erosion
can be shiny or matte, perhaps
irregular, but is often rounded or flat,
as if "melted”. Small concavities can
sometimes be seen on the surface of
the tooth. In advanced cases,
shoulders could be present cervically
(Fig. 3). Approximal surfaces are
infrequently involved, except in very

Fig. 1. A 20-year-old man with dentai erosion.

Fig. 2. Dental efcsion in & 6-year-oid boy.

Fig.3. Palatal shoulders on maxiliary anterior
teeth in a 20-year-old man.



severe cases. Cuppings, a "peephole”
in the enamel, often at a molar cusp
tip, are a common clinical sign of an
erosive lesion (Fig. 4). In addition,
the pulp might be visible through the
remaining tooth substance (Fig. 3)
and there might be formation of
clinically  detectable  protective
tertiary dentin, and even direct pulpal
involvement may occur. The erosive
process might cause sensitivity and
various degrees of other endodontic
symptoms, ranging from slight
sensitivity to severe pain, besides the
more obvious loss of tooth substance
resulting in esthetic and/or functional
problems as well as orthodontic
changes.

Tooth wear, or tooth surface loss,
has a multifactorial etiology and is
also frequently the resuit of more than
a single wear-producing mechanism’.
Besides erosion, other types of wear
can occur. These are commonly
accepted as atirition, which, by
definition, implies wear from “tooth-
to-tooth contacts” (e.g. bruxism), and
abrasion, which is defined as wear
from “foreign body influence” (e.g.
tooth brushing). The term “abfrac-
tion” has been suggested for loss of
tooth substance as a result of a
combination of stress and acid
challenges in the cervical region of
the tooth®. An explanation for such
defects invokes the influence of
tensile forces and/or tooth flexure™'”
and the terms “stress induced cervical
lesions”™ has been used to describe
this type of lesion. These explanations
are at variance with Xhonga, who in
1973 attributed their occurrence to
toothbrush abrasion, stating “that
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Fig. 4. Cuppings affecting the mesiobuccal cusp
tip of tooth no. 38. Note the absence of occlusal
contact in the area of the cupping.

Fig. 5. Pulp vigible through the remaining tooth
substance in a 8-year-old girl.

Fig. 6. Cervical defects in a 20-year-old man.
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( frictional forces rather than purely chemical ones, are of special
ce in the origin of buccal cervical defects”'!. Tronstad'?, on the other
owing scanning electron microscopy (SEM) examination of “attritted”
nggested that they were unlikely to have been related to attrition, but
5 an erosive or caries-like process. Another study suggested that
yérosion and abrasion may worsen already existing but hardly clinically
jable lesions, lesions which are confirmed to be present under SEM
3 although clinically yet undetectable. SEM has also shown shallow
- T jesions to be strongly associated with occlusal erosive pathology, while
Suppings affe haped cervical lesions bad an association with both occlusal erosive
oth no. 38. Ng “occlusal attrition; the association between occlusal pathology and
in the area of th o defects was found to be as high as 96%'*. Collating the evidence, it
kely that the development of buccal cervical defects are caused by a
snation of etiological factors within a multifactorial model in which
5 one factor, in much the same way as has been suggested for other
oih wear' ©1*1° (Fig. 6). Further, given the fact that such defects are
animals it follows that tooth brushing cannot be the principal cause of
efects'.
egard to the multifactorial etiology of tooth wear, Miller had as far back
hown that enamel “disintegrated by an acid thereby becomes more
eto-wearing by mechanical agents””. Almost 70 years later, Miller’s
were supported by Schweizer-Hirt et al.'®, who showed that
ns made in enamel, which had been softened in orange juice, wore
iich faster than indentations made in unexposed enamel. Both these
fiidies clearly show the relationship between abrasion and erosion, and it
casonable that it ought similarly to apply to wear where attritional
present. Thus, the common view among the dental profession that
s.a significant factor in the development of tooth wear, should take
ccount. The contribution of bruxism to the overall experience of tooth
-only be of the order of 10%'® and no association between bruxism
vas found in young adults™. Indeed, a recent SEM study suggested
aspite the reported presence of bruxism, the major etiology of observed
ear was most likely of an erosive origin 1,

m;ofldgy of Dental Erosion

irly recently, there has been a paucity of epidemiological data on dental
n the literature, while the reports that do exist often include selected
or case reports only. Several indices have been used for grading
and the recording criteria have differed. Recordings of erosion on
al; ‘bucco-palatal, or inciso-occlusal surfaces, or combinations  thereof,
n variously applied. In addition, selection criteria, sampling technique
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and age composition have varied. The prevalences obtained from different
stuqses are therefore dEfﬁcu%tzto compare, which leaves the epidemioiogical
basis for its occurrence limited™, and perhaps open to a degree of speculation.

“Early” Studies in Diverse Populations

In an early clinical study from 1949, between 21% and 27% of a group of adult
contrals were found to have some degree of erosion of the gingival third of the
buccal toqth surfaces. The erosion was most common in premolars and more
common in the maxillary than the mandibular teeth®. In 1972, a material
comprising 10,000 extracted teeth from southern California was analyzed and it
was _l’ound that j 3% of the teeth, most commonly premolars, were affected with
erosive lesions™. Xhonga performed an epidemiological study on over 300
patients aged 14-88 vears, seeking routine dental care at the universities of
Bostton and L0§ Angeles. Erosion lesions, in the form of cervical defects were
most common in premolars in both a :

Ty com individi romolars In by rches. The prevalence observed was about

) Robb? reported on a material comprising 151 British pre~Conquest skulls
using the Tooth Wear Index (TWI)*" analyzing four surfaces at each tooth in the
dentition. Certain criteria had to be followed in order to record erosive tooth
wear, For example, contact between the opposing teeth had not to be very
likely, and/or wear in one jaw should be more severe than in the other jaw. It
-was concluded that about 20% of the skulls showed wear of possible erosive
origin.

In Finland, Jarvinen and co-authors™ repoited on a material of 106 patients
refer.red for dental erosion. Using an index described by Becles™, for grading
erosion, they found a prevalence of 5% among a matched control éroup of 160
mqmdua!s in the age range 17-83 years. Lussi® published the results of an
epidemiclogical study of erosion in Switzerland using a modified version of a
sca'le described by Linkosalo and Markkanen®'. The material comprised 197
patients aged 26-30 years and 194 patients aged 46-50 years; the prevalences of
buccal dental erosion in the two groups were 8% and 13% and of occlusal

erosion 30% and 43%, respectively, and “slight” erosion lingually was found in

4% and 6% of the subjects, respectivelym.

Dental Erosion in Young Children and Adolescents — Mid 1990s

By the mid 1999s, several epidemiological studies on dental erosion in childsen
gnd aci-olascents appeared for the first time® > and a trend fowards an
increasing prevalence and severity of tooth wear and erosion was discussed. A
national survey of the dental health of children in the United Kingdom wag
conducted in 1993 by seventy-six specially trained dentists. A version of the

TWI¥, meodified for erosion purposes. assessing only buccal and
surfaces of maxillary incisors, was used®. More than 17,000 children ag
years were examined clinically. Twenty-four percent of the S-year-olds
palatal erosion extending into the dentin or pulp. The recording of
showed large variation, and the conclusion was drawn that, while thess
might not be completely accurate, they gave a good indication of the pr
of erosion in children™. In 1994, another report of the prevalence of
178 4-year-old children in Liverpool, United Kingdom, appeared’
another modification of TWI> and it was found that 30% of palatal su
maxiilary anterior deciduous teeth showed severe erosion.

Again, using a modified TWI, 30% of a group of 135 3-year-old
from [zast Cumbria, United Kingdom, were found to have erosion on th
surface of at least one maxilfary anterior teoth, with the majority of
having dentin involvement™. Moynihan36 reported on erosion as part
national diet and nutrition survey of 1.5 to 4.5 year-old children” in tt
Kingdom using the modified TWE?, Grosion, extending into dentin o
the palatal surfaces of at least one maxillary front tooth, was found in
1658 children clinically examined, while a similar degree of erosic
buccal surfaces was found in 2% of the children. In reporting the finc
authors pointed out that erosion in young children was difficult to diag
represented a weakness in evaluating the results.

During this period, also permanent teeth in groups of adolesex
examined for the first time. Tn the aforementioned British survey, 3(

13-15 year-old children showed erosion in at least onc maxillary ante
in enamel and 2% of them did so in to into dentin™. In a study mvob
T4-year oid children in Liverpool, 30% had exposed dentin, mostly i
Using the original TWI, 1014-14 vear-olds were examined for erc
eighty percent of maxillary incisors showing evidence of tooth wear ai
primary molar teeth having dentin exposed37, In a group of 525 14
from London, UK, using the modified TWI* on the maxitlary inci
had dental erosion, but this time with a greater propensity for labial tt
surfaces. Extension of ercsion into dentin was found only in about
group, and only on palatal surfaces™.

The New Millennium and Reports from Many Countries

Since the start of the new millennium, several epidemiological studie
erosion from different parts of the world bave been reported. Amongs
year old Cubans, 40% of those children, living in cerfain areas w
related to the production of citrus fruits, showed erosion in maxill:
teeth while only 17% of individuals in the total sample did so®
national study conducted in the United Kingdom and the United Sta



similar degrees of dental erosion in both countries. Using the modified TWT2,
of the 125 and 127 12-13 vears old children comprising the two samples,
respectively, 37% and 41% had erosion, and most frequently in enamel®,

The first epidemiological data from Germany were published in 2001%.
EBrosion was recorded longitudinally from maxillary orthodontic study casts
made from age 11 to 16 years, in a totai of 1000 children® using a modified
version of the index described by Linkosalo and Markaner®'. For deciduous
teeth {793 subjects), no grading of maxillary anterior teeth, except the canines
was made; 26% of the subjects had severe erosive lesions on at least one tooth.
Regarding permanent teeth (998 subjects; grading of all teeth), 0.2% showed
severe erosive lesions on at least one tooth*. The prevalence of erosion was
further compared during the periods 1977-1989 and 1990-1999, and was found
to have nearly doubled. For deciducus teeth, the prevalence of severe erosion
rose from 7% of molars and 1% of canines, to 13% and 19, respectively from
one period fo the next, while 18% of chiidren having at least one tooth with
severe erosion rose to 32%°L Similazly, for permanent teeth, the number of
children with at least one permanent first mandibular molar affected by erosion
increased from 4% to 9% over the period”'. In the same study, it was found that,
among the chitdren aged |1 years with dental erosion, 87% showed occlusal
erosive lesions in at least one first mandibular molar, which by the age of 16
years, had risen to 94%7,

In a study of 418 14-year-old British school children in Birmingham®, using
the modified TWI*, 51% had moderate erosion and 1% severe, and roost often
focated on palatal surfaces. In 2002, a study of 5-6 vear old (n=354} and 12-14
year oid (n=862) boys in Saudi Arabia, using a similar index to the 1993 British
survey”* found the prevalence of erosion in maxillary anterior teeth into dentin
o be 34% and 26%, respectively™. In another study in Saudi Arabia, about
25% of 2-5 years old showed erosion into dentin or pulp in at least one tooth™,

In summary of the growing body of epidemiological findings, it would
appear that dental erosion affects both children and aduits, and its prevalence
must be considered high.

Etiology of Dental Erosion

Traditionally, the eticlogical factors atiributable to dental erosion have been
divided into those of extrinsic and intrinsic origins. The term idiopathic erosion
has been used in cases of unknown etiology, but its clinical application is
limited. In recent years, the list of possible erosive sources has grown and the
complexity and the combinations of mechanisms involved in the erosion
process have been acknewledged. Hence, while the fact that the toath surface is
exposed to an erosive agent does not necessarily mean that an eosive lesion
will develop, the absence of such a challenge would certainly preciude the

sccurrence of a lesion, Ten Cate and imfeld stated that !;he “pan::::
factors for dental erosion are changed lifestyle anS ea;m$ opthat
increased consumption of acidic foods and beverages” ant & ffe et
gastrointestinal and eating disorder.s expose the dent;tl.on“c; q
with very acidic gastric content, whlch. may Eﬁe}% ﬁt%‘g;%ig]sn ]i-va .
Apart from the koown dietary et‘iobg}f - sta Sﬁnrysé' X
occupatiosngi environment> >, ?clucémim\{v&neg:;ﬁ?ﬁezgnil digsmrb,;
i B2 4 ino eating disorders™ ™,
:I!f:zisoel?sméé"’gjC:;xlg;?fationé’%'74, iﬂc_luding drug abuse_’s"‘:’ anc! 13[3
habits'®7"% may also be associated with ihe development o er931§_ -~
The cause of erosive defects may be an mporiant fac;torh[rzhe;ag1
ferent areas of the dentition may E&?ﬂ?tegxiﬁg?:[?f é}; \ge:n o
i intrinsic or extrinsic origin™ ™", For N :
;;Sa;)t;f'i::ﬂgi?;e may affect mainly the palatal surfaces of upper aréthi
while an acidic diet may affect the t.eeth more randomlyl. !vi'm\;ev;:;h ;
suggests that the cause of the erosion may not be exclusively

. o 83
identified by virtue of its location™.
Host Defense Mechanisms

Salivary Factors

Meurman and Frank stated that ™It is ax}tici 9ated thai salivda is ¢
defense factor with regard to dental erosion™. Anifncrﬁase ;;(;;
during the intake of acidic drinks, may bsi expected if sa ;yar)f i
and rate of salivary secretion are reduced™. The role of sa 1;/a 1? o
is not fully understood, probably as a result of the cor'r;? exatyava
intra-individual salivary conditions, la.ndgg_a%so due to di eren v
saliva in divetse areas of the dentition™. For examp%c:%;nt ca; :
breathing or unfavorable position of the teeth, thel.e ecc(;diti
modifying factor will be reduced even under normal sa :varyf i
dilutes the acid in the oral cavity an(‘! c?ral ¢clearance wlll the;ie ore 5
salivary secretion rate and the incimd.ual paitern of swaf ?gzlgil
suggested that oral clearance is not um_foré? in all pari:s E orel
neither is the ionic composition of saliva™, all of which are imp
of an erosive challenge.
Oag%?:e concentrations of both calciun} S;md ph'osfpha;:eu arel
supersaturated in saliva with respect to apatite™. An acslsd;c c g er{;i
in undersaturation of calelum and p110§phate in saliva,™ but, fz§31t :
acids such as citric and phosphoric acid, also have the potentia _Eo €
free calcium ions in saliva and on th‘e enamel su;faces' until a
reached. This seesaw of ions may result in re- or de-mineralization.



It has been suggested that a high sugar concentration in the presence of a low
pH may increase the osmotic potential of a deink, and thus increase the erosive
effect on tooth structure>*, Diet-type beverages do not contain refined sugar
but their pH is nevertheless low and the potential to induce dental erosion
therefore remains'>2. In this regard, when comparing the diet and regular
versions of Coke and 7-Up, similar buffering capacities for the light and regular
versions of both brands of drinks have been found'* which was confirmed by
our own analyses {Table 1).Caffeine, found in most cola-type drinks but also
other types of drinks, for example many sport drinks, is a central stimulant,
moed-altering and physical dependence-producing drug which is added,
according to manufactures, to enhance the flavor of the drink. However, it was
found that only 8% of a group of regular cola consumers could detect by taste if
the drink inctuded caffeine or not in commonly used concentration'®.
Withdrawal from caffeine-containing soft drinks results in both physiologic and
psychological effects in a dependant person'*.

The role of beverages as a single factor responsible for denial erosion has
been discussed. In North America, there has been doubt expressed about a
relationship between soft drinks and dental erosion in subjects “without high
and unusual drinking habits*'%. In Europe the position is quite different, and
the apparent disparity between the two couid be exﬁp]aine{i by differences in the
definitions of terms used to describe tooth wear'*®, In a cross-sectional study,
12-13 year old children in the USA and the UK showed a similarly high
prevalences of erosive tooth wear™. In October 2001, the American Dental
Association, in a letter to the US Congress™ regarding the possible risk posed
by the consumption of soft drinks not only for dental health, but also for other
general health risks, stated that: “Though there is limited epidemiological
evidence assessing the association between oral health and soft drink
consumption, it consistently indicates that soft drinks adversely affect dental
caries and enamel erosion. Moreover, numerous in vitro and animal studies
have consistently shown enamel erosion with the use of soft drinks. Given the
evidence, it would seem appropriate to encourage children and adolescents to
lirnit their intake of soda™.

A number of general health concerns related to soft drink consumption have
lately been reported. In the United States it has been found that a majority of
children aged 5-17 years do not meeting the recommendation tegarding calcium
intake, which is attributed to a change in beverage consumption resulting in less
milk and more soft drink consumption™*®, Consumption of regular carbonated
soft drinks has been connected with increase in Body Mass Index'” and the
development of non-insulin dependent diabetes mellitus'™, additionally,
caffeine may decrease insulin sensitivity'’”'. Consumption of drinks including
phosphoric acid has been associated with development of osteoporosis'™>'>,
hypocalcaemia’**'>® and urinary calcium-oxalate-stone formation!*6157,

Besides the general health risks that soft drinks may pose, it seems clear that,

in the oral health context, the constituents of the drink are
determining its erosive potential. The widespread use and popul
drinks in general is attributed to incessant advertising from the m:
companies, and associating the product with being part of "toda;
together with its widespread availability in places designed to sti
popularity especially among young pecple.



Paper V

The study consisted of two series, The first series comprised twelve adults
(%=30 vears; range=18-53), and was performed at the Faculty of Odontology in
Goteborg. The second series involved six adults (X=72 year, range=59-83) and
was performed at the Dental Institute in Ziirich, Switzerland. All subjects were
healthy and had a normal salivary secretion rate and buffer capacity.

Questionnaire, Clinical Examination and Scoring of Dental Erosion

Papers i and

Using a bilingual questionnaire (Arabic and English), a specially-trained
transtator obtained a history from each participant, in order to assess the role of
various possible factors related to oral health in general, and o dental erosion in
particular (Fig. 7). The questionnaire included questions on types of food and
beverages consumed, number of daily meals and between-meal sweets and
drinks. In addition, medication intake, general health conditions, symptoms of
temporomandibular  disorders, parafunctional and oral hygiene habits,
subjective complaints and the individual’s perceived need for treatment, were
recorded. All clinical investigations were performed by one investigator (A-KJ)
and included recordings oft severity of dental erosion, number of buccal
cervical defects, visible plaque index’>, gingival bleeding index '8 DMFT and
DMFS and severity of fluorosis™. In addition, a radiographic examination
comprising four bitewing radiographs was performed. Third molars were
excluded from all examinations. Maxillary and mandibular alginate impressions
in perforated stock trays were made (Deguprint®, Degussa AG, Japan), and
poured in a high-strength dental stone (Kerr®, Velmix Stone, Sybron Kerr, Kerr
Europe). Intraoral color transparencies (rmaxillary and mandibular occlusal, left
and right lateral, frontal, palatal-anterior and lingual-anterior views) were taken
of ail individuals. After gingival bleeding index and visible plaque index were
recorded, meticulous cleaning of the teeth was performed, which included
professional supragingival scaling and polishing with prophypaste. The teeth
were carefully dried with an air syringe prior to the assessments of fluorosis and
erosion, as weil as before the photography.

An ordinal scale was used to assess the severity of dental erosion (Table 2,
Fig. 8) The scale was designed as a modification of & similar grading system
previously used'®'?, Recordings were made by one examiner (A-KJ) after a
period of examiner training and calibration with two other investigators (Al and
GEC). It became obvious that the reliability of distinguishing the different
grades of dental erosion was complicated, and thus questionable, in the case of
maxiilary and mandibular premolars and molars, as well as on mandibular

incisors. The incisal surfaces were also excluded from the examinal
of the difficulties in distinguishing between attritional and erosive ir
these surfaces. Thus, in the final analysis, only maxillary incisors
were graded, and, {urthermore, only their buccal and lingual surfac
erosion score was obtained from the pooled assessments of clini
study cast examination and evaluation of intraoral transparencies.
characterize the severity of erosion, a mean value index of ali grac
was calculated for each individual.

Cervical defects on the buccal surfaces were scored clinically for
and recorded as the number of defects present in each individual.
the requirement of clear demarcation, no distinction betwer
morphologies of the defects was made. Cuppings on all first mola
from color transparencies and study casts and recorded as total
affected teeth per individual. Evaluation of occlusal and incisa
performed on a footh-by-tooth basis on the study casts by two examn
and AJ) using a previously used, analyzed and described ordinal sc
indices for the dentition, as well as for the anterior (canines and i
posterior {premolars and molars) feeth were caleulated. b
disagreement, a final grade was mutually reached. Teeth which we
or had extensive restorations were excluded from evaluations of |
and occlusal wear,

Visible plaque index and gingival bleeding index were recorc
tooth on the buccal, mesio-buccal and lingual surfaces, according
and Bay'™®. DMFT and DMFS were assessed in three ways: i)
WHO recommendations'®; ii) including approximal caries detectec
radiographs and extending radiographically to, or beyond, the am
junction; and iii} including approximal caries detected in bitewing
and extending =2/3 of the enamel thickness. For the second
assessment (i), DMFT and DMFS were also divided into their -
that is, D (decayed), M (missing), F (filled), T (teeth) and 8 (surfac
of fluorosis was graded on a tooth-by-teoth basis using a combined
color transparency assessment, according to the Thylstrup-Fejersko

Paper il - in vivo study

A specially-trained bifingual interpreter completed a questionnair
the history of each participant during a structured interview
respective parents. Various possible factors related to dental e
recorded, including dietary and oral hygiene babits. Since all
attended the hospital since birth, a comprehensive medical histol
current and past discases and medications, could be obtained fror
medical file. Gingival bleeding index and visible plaque index wer:



and intraoral photographs taken. The parents were asked to hand in the eroded
deciduous teeth to the clinic as soon as exfoliation occurred.

Fig. 7. Questionnaire used in Papers §, # and iV
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Table 2. Ordinal scale used for grading severity of dental erosion on buccal and lingual
surfaces of maxillary anterior teeth,

Grade  Criteria

0 No visible changes, developmental structuras remain, macro-marphology intact.

1 Smeothened enamel, developmental structures have totally or partially vanished.
Enamet surface is shiny, matt, irregular, "melted”, rounded or flat, macro-marphology
generally intact.

2 Enamel surface as described in grade 1. Macro-morphotogy clearly changed,
facetting or concavity formation within the enamel, no dentinal exposure.

3 Enamel surface as described in grades 1 and 2. Macro-morphology greatly changed
{close to dentinal exposure of large surfaces) or dentin surface exposed by <1/3.

4 Enamel surface as described in grades 1, 2 and 3. Dentin surface exposed by >1/3 or

puip visible through the dentin.

Mote: Approximal srosion and presence of "shoulder” should be recorded.

Grade 3 Grade 4

Grade 0 Grade 1 Grade 2

Grade 4, study model

Fig. 8. Hlustrations of the different severities of denial erosion.

Paper IV

The guestionnaire used in Paper | was supplemented with additic
questions. Data regarding dietary habits, number of cervical defe
molar cuppings, visible plaque index and gingival bleeding index w
from Paper L

A standard disclosing selution was applied on the feeth directly
measurements had been completed. Plaque registration was
clinically following 3 days without any oral hygiene measures beir
A specially designed topographic plaque index (TPI) was develc
purpose. The index was calculated by dividing the buccal surf
maxiilary anterior tooth into five areas: 1) cervical, 2) mesio-proxin
proximal, 4 mid-buccal and 3) inciso-buceal, and the palatal surfa
arcas: 1) cervico-proximal, 2) mid-palatal and 3) inciso-palatal.

Method of Drinking and Test Products

Paper IV

Subjects were asked fo drink a can (330 mi) of regular Pepsi Cola®
Beverage Plants, Saudi Arabia) (Table [) in their customary
without any time constraint. The drink was just opened and cc
fridge. A choice between drinking from a glass or the can was
numbers of intakes and swallows and the total time of consumptic
the duration (s} for which the drink was kept in the mouth, were |
regards the last parameter, the accumulated time for which the deind
the mouth before swallowing was calculated.

PaperV

Six methods of drinking (herein referred to as Holding, Short-Sig
Sipping, Gulping, Nipping and Sucking) were tested in a randomize
subjects were requested to be silent during the entire test session -
oral movements as possible. The drink used was Coca-Cola Light”
Company, Sweden), which was served fuily carbonated and at
perature. The volume consumed was carefully monitored for each
pre-stipulated for the Holding and Gulping method (Table 3).



Table 3. Method of drinking, its definition, duration of consumption, volume consumed (£SD),
and rate of consumption with the microtouch and telemetric method (Paper V).

Microtouch method  Tefemedtric method

Method of - Duration
drinking Definition {min) Volume  Rale  Volume  Rate
{ml) {mifmin} {mly (ml/min}

) Holding the drink in the ' 1

Hoiding mouth 2 19 13

Short-Sipping  Sipping from a glass 2 80142 40 135441 68

Long-Sipping  Sipping from a glass 15 302+11§ 20 578+114 39

Guilping Swallowing quickly, 3times 5 min Intervals 3x10° 310t

. Nipping from a baby’s
Nipping foeding bottie 15 170438 1 221274 15
Sucking Sucking from a straw 2 115278 58 142287 56

"olume pre-stipulated

pH Measurements

Paper IV

pl1 was measured by the microtouch method'® using a microelectrode (@=0.1

i, Beetrode®, MEPH-1, W.P. Instruments Inc., New Haven, CT, USA). The
electrode was connected to an Orion SA 720 pH/ISE meter (Orion Research
Inc., Boston, MA, USA), and equipped with a reference electrode (DRIREF-2,
W.P. Instruments Inc). A salt bridge was established in a 3 M KCI solution
between the reference electrode and the subject’s finger. The electrode was
calibrated before readings were made, according to Scheie et al'®’,
Measurements were performed before, and at various time points during and
after consumption of the drink.

Prior to the pH measurements, subjects had refrained from oral hygiene for
the previous 3 days, and from eating or drinking (except for water) for the
preceding 2 h. Measurements were performed just before (baseline=0 min) and
at1,2,3,5,7, 10, 15, 20, 30, 40 and 50 min after the subject had consumed the
whole drink. The subjects were requested to be silent during the whole 50-min
period. Measurements were performed at six intraoral sites: 1) proximaily
between the left maxiliary premolars, 2) proximally between the right maxillary
premotars, 3) proximally between the maxillary central incisors, 4) buccally on
the central part of the cervical third of the maxillary right central incisor, 5}
palatally on the central part of the maxiliary right central incisor, and 6) on the
anterior third of the dorsal central surface of the tongue. All high erosion
subjects showed evidence of dental erosion at sites 4 and 5.

PaperV

pH was measured by two different methods. The subjects in both ser
their teeth without any toothpaste on the day of the experiment an
from eating and drinking, except for water, for 2 h prior to the test.

In the first series the microtouch method was used. Instrument an
procedures were identical to those in Paper TV. Measurements were
at three dental sites: i) 11 palatally, on the central part of the t
bucealiy, on the central part of the cervical third of the tooth, ¢
mesiobucecal cusp tip of 16. pH was recorded before (baseline=0 mi
2,3, 5,7, 10, 15, 20 and 30 min after the start of the experiment, Fo
ing method, measurements were also performed at 6 and 11 min, Tv
methods were investigated on a given day. After the first test, the
carefully rinsed for 1 min with 10 ml water before the start of the ¢
pH was confirmed as having returned to baseline level before starti
test.

In the second series, pH was measured continuously with the
method using a clean glass pH electrode with a diameter of 2 n
Glasbliiserei AG, Ziirich, Switzerland). The electrode was mounted
of human enamel, which was incorporated into the approximal sut
premolar region of a lower removable partial denture'™. A skii
electrode was aitached to the volunteer’s arm. After an initial restin
20 min, a baseline value was recorded. Readings were continuously
h, during which two methods of drinking were tested. The ele
calibrated against standard pH buffers before and after each te:
Between the two drinking sessions, the subjects rinsed with water
after which paraffin wax was chewed for 2 min in order to re-e:
baseline value.

Sativary and Microbial Analyses

Paper IV

Subjects refrained from eating, drinking and smoking for a period «
to the test. Unstimulated and paraffin-stimulated whole saliva were .
the late afternoon, for periods of 15 and 5 min respectively, in tubes
been pre-cooled on ice. After determination of secretion rate (mi/m
aliquot of stimulated saiiva was used to determine buffer capacity (I
Orion Diagnostica, Espoo, Finland) and numbers of lactobacilli
LB®; Orion Diagnostica Espoo, Finland). For mutans streptococei
SM?® (Orion Diagnostica, Espoo, Finland} was used. The remait
collected saliva was stored at -80°C until needed for further analys



was used during transit of the samples from Saudi Arabia to Sweden. Different
electrolytes (calcium, inorganic phosphate, potassium, sodium and urea) were
analyzed in both types of saiiva. Analyses of electrolytes were carried out at the
same session in the Department of Clinical Chemistry and Transtusion
Medicine at Sahlgrenska University Hospital, Goteborg, Sweden using a
BM/Hitachi 917 instrument (Boehringer Mannheim, Indianapolis, IN, USA).
Light photospectrometry was used for analyses of calcium and urea, while
enzymatic photospectrometry was used for inorganic phosphate. An fon-
selective elecirode was used for determination of potassium and sodium.
Fluoride content was measured at the Department of Cariology, Giteborg
University using an ion-sensitive electrode (96-69, Orion Research) connected
to an Orion SA 720 pH/ISE meter,

Scanning Electron Microscopy and Microhardness Measurements

Paper lil - in vivo study

Using a JEOL JSM-35 scanning electron microscope with a 15 kV accelerating
voitage, SEM analyses were petformed on the exfoliated Saudi deciduous teeth
in order to confirm or reject the clinical diagnosis of erosion (n=8).

Paper 1] - in vitro study

Enamel specimens, 3x3 mm in size, were prepared according to Sorvari et
al.'®. The outermost surface of each specimen was polished flat using finest
grade sand paper and water in order to facilitate microhardness measurements.
“The specimens were then rinsed in distilled water and stored in 100% humidity
until used. Control blocks from each proup were left in distilled water until used

in SEM studies. Before the experiment, surface microhardness was measured

for each specimen by using a Leitz Durimet hardness ester with a Vickers
diamond and 200 g load (Ernst Leitz GmBH, Wetzlar, Germany). Six well-
formed indentations were measured to calculate the mean Vickers value. The
specimens were immersed in 1 ml of 2% citric acid solution (pH 2.1) at 37°C
for 5 min under gentle agitation, and thereafter rinsed with distilled water. The
microhardness measurements were then repeated after re-immersion of the
same specimens in the acid solution for a further 10 min, and then a further 15
min. Thus, surface microhardness analyses were performed at baseline and
following 5, 15, and 30 min of immersion. After the final erosion experiment,
the specimens were mounted, dried, and covered with a layer of gold before
SEM examination in a JEOQL JSM-35 scanning electron microscope using a 15
kV accelerating voliage.

Analyses of Data and Statistical Methods

Papers | &l

Differences between variables in Paper T were tested using the Stuc
for independent samples. In Paper 1, a Spearman correlation analys
erosion {1=low erosion subgroup; 2=high erosion subgroup) and 11
variables, and a Mann-Whitney U-test between the subgroups, were
as the exploratory tests of correlations between factors investigated a
of erosion. In addition, a logistic regression model was obtained b;
subgroups as the dependent variable. Independent variables were
could provisionally be judged to have a causative associatior
occurrence of erosion on the basis of having been found to be s
correlated in the initial correlation analysis. In addition, those varic
did not show significant correlation in the initial analysis, but were
tmportant, in a possible covariational relationship with the severity
were included in the model as further independent variables'®, |
independent variables were used in the model. These were relat
consumption of cola {including cola consumption prior to enlisime
tea, juice, water and yogurt (ml/week); consumption of apples, ¢
dates, grapes, tomatoes, vegetables, hard cheese and candy (weekly

of intakes or items of fruits, or candy); oral hygiene habits (type of ¢
duration of cleaning, cleaning technique, frequency, use of -
systemic diseases (including gastric diseases, dry mouth, acid regur;
vomiting); medicatien and parafunctional habits. Clinical paramete
gingival bleeding index and visible plague index and severity
fluorosis.

Paper 11l

Results from the microhardness measurements were analyzed stat
computing differences between the tooth specimen series (two-taile:
test), and with respect to periods of immersion (ANOVA),

Paper IV

For the ,}3H registrations at the six intraoral sites, the area unde
(AUC)'®", was calculated below both pH 5.5 (AUCs.s) and 6.2 (AU
These were carried out separately for the time spans of 0-10 min an
A Mann-Whitney U-test was performed to analyze differences betw:
and low erosion groups regarding findings from the questionna
examination and salivary analyses, AUCss and AUCg2, as well as ¢



the measuring points. The mean pH of the two premolar sites was used, while
all other sites were evaluated separately; the mean of all six sites was also
calculated.

Intraindividual differences in AUC between sites were analyzed by the
Wilcoxon Matched-Pairs Signed-Ranks Test. For TPI, each subdivided area
was scored as 1 (plaque) or 0 (no plaque). Buccal and paiatal TPI scores were
calculated separately by adding all scores and dividing the sum by the number
of teeth (i.e. 6). In this way, maximum TPI scores were 5 and 3 buccally and
palatally, respectively.

Paper V

Consumption rate was calculated, if not pre-stipulated in the method. In the first
series, AUCs were calculated under pH 5.5 (AUCss) and pH 6.2 (AUCqz) for
the two time periods of 0-2 min and 0-30 min'®’. One-way ANOVA was used
to analyze differences in AUC, and pH varfations among the different methods
of drinking as well as among the three measuring sites. In order to assess the
differences with respect to drinking method, ANOVA supplemented with
Fisher’s PLSD test was used. For the telemetric method, the pmols H' x min
was calculated ™.

Siatistical Scoftware

All analyses in Papers I-V were performed on an IBM Personal Computer using
the Statistical Package for Social Sciences (SPSS, Releases 6 to 11). P<0.05
was considered as statistically significant.

RESULTS

Paper!

The reliability of the scale used for grading erosion was tested by the
(A-KJ) performing two successive blind assessments within an inter
weeks. Fach of the buccal and lingual surfaces of 120 teeth, corres
230 buccal and lingual surfaces (10 surfaces were ungradeab
individuals on a randomly selected and ordered basis, were recorded.
examiner concordance {(percentage agreement) was found to be 78%.
551 maxillary anterior teeth were available for assessment o
corresponding to 1083 surfaces (19 surfaces were ungradeable ¢
presence of restorations, cast inacouracies, etc.). Seventy-seven per
maxillary incisor and canine surfaces showed some degree of erosior
of these scoring grades 3 or 4. Combining grades 2 to 4, which t
considerable degree of crosive wear, 28% of all the graded surfa
sample were so affected. Lingual surfaces were significantly more afi
buccal surfaces (P<0.001), while central incisors (X=1.36; buce
exhibited significantly more erosion than the laterals (%=1.21; bucca
P<0.,001) and the canines (¥=0.70; buccal+lingual; P<0.001); at the :
the laterais had significantly more erosion than the canines (P<0.001
teeth exhibited cervical shoulders, but approximal erosion could be .
one individual only. Of the individuals, 80% had one or more teeth w
erosion or higher, while the corresponding figure for grade 3-4 wa
5% for grade 4. One or more cervical defects/cuppings were found |
49%, respectively, of the subjects.

The mean number of teeth in the sample was 27, with a range
Mean DMFT and mean DMFS without the aid of radiographs we
17.5, rtespectively. With the two versions of radiographic int
included, DMFT became 10.0 (ii) and 10.5 (i), respectively, and L
(i) and 19.4 (iii), respectively. For the first radiographic assessme
values of the individual components of the DMFT were: D=7.7, M=
and for DMFS: D=12.6, M=2.5, F=32. Three individuals were
without the aid of radiographs, but only one individual wa
radiographic assessment. According to the Thylstrup-Fejerskov in
premolars were most frequently affected by fluorosis, followed by t
teeth and then the molars, On the other hand, fluorosis of greate
(scores 5-9) was found mainly in molars, followed by the prer
anterior teeth.

All subjects ate 3 main meals per day, and due to the military re
were living under, meals were also consistently uniform within t
Twelve percent drank water during or just after meals, while the



drank sweetened tea (44%), soft drinks in combination with other beverages
(23%) or sweetened tea in combination with water (21%). Eighteen percent
reported drinking only water as a between-meal drink; the rest generally drank
regular cola-type drinks (73%) and/or other regular carbonated soft drinks (9%).
Forty-six percent had a weekly intake of one or more sweets. For the fotal
sample, the mean number of sweet intakes was 3.2 per week (range 0-21). As
regards fruit consumption, the most frequently consumed item was dates (12.2
intakes/week). The mean soft drink consumption in the sample was 4.75 liters
per week corresponding to 247 liters anoually, of which regular (sugar-
containing} cola-type drinks alone constituted 222 liters. Prior to starting
military service soft drink consumption was reported to have been considerably
higher at 373 liters annually.

Twenty-five percent of the subjects reported not cleaning their teeth, 57%
doing so occasionally (defined as 2once/week but not daily for the past =1
year), and 18% once or more daily for the past 21 year. On average, the 75%
who reported any cleaning had done so for the past 3.5 years, with 24% of them
using miswak, 44% a toothbrush and 32% a combination of toothbrush and
miswak. Twenty-four percent never used toothpaste, 59% used it occasionally
{defined as = once/week but not daily) and 17% once or more daily. The
toothpaste used was always fluoride containing. As regards the technique used
for cleaning the teeth, 43% reported “no special technique”, 36% “up and
down”, 14% “back and forward”, and 7% a combination of “up and down” and
“back and forward”. Presence of systemic disease was reported by only one
individual (dermatitis), while four were on regular medication, Thirty-two
percent reported dryness of the mouth, 21% bruxism, 61% occasional headache
and 39% occasional biting habits (nail-, pen-, nut-biting, etc.), Dental problems
were common within the sample and 73% reported one or more symptom(s).
The single most common complaint was “pain” (42%), followed by “worn
teeth” (39%), “esthetics™ (26%), “tooth sensitivity” (22%) and “difficulty in
chewing” (9%) (one or more symptom could have been present in ecach
individual). Seventy-two percent of the subjects “never or seldom visited a
dentist”, 11% “visited a dentist at least every 5 vears”, and 7% “visited a
dentist once or more every year”. As regards their awareness of the danger to
oral health of regular (sugar-containing) soft drinks, 35% were unaware thereof:
as for their knowledge about diet soft drinks (sugar-free), 90% said they were
not dangerous, Fruit juices were not considered to be harmful to oral health by
84%, and 2% stated that sweets were not harmful,

Paper i

Mean cola-type drink consumption in the low erosion subgroup (2.3
liters/week) was significantly lower than in the high erosion subgroup (4.8

liters/week) (P<0.01). Those variables which differed signiﬁcantfy be
subgroups were: type of cleaning aid used (P<0.03) and cleaning

(P<0.05), reported dental problems (P<0.05), number of permanent fi
with “cuppings” (P<(.03), number of buccal cervical defects (P
number of missing teeth (P<0.03). Gingival bleeding index was sig
higher in the low than in the high erosion subgroup (P<0.01). Fn
erosion group, one or more cervical defects/cuppings were found in
64%, respectively, of the subjects. The corresponding figures for
erosion group was 11% and 41%4.

Analysis by logistic regression identified three variables of signific
cola-type drink consumption (ml/week), GBI and type of cleaning ¢
O=no cleaning; !=miswak only; 2=toothbrush only; 3=combiz
toothbrush and miswak). The correlations with cola-type drink cor
and with type of ¢leaning aid in the high erosion subgroup were bott
while the correlation with gingival bleeding index was negative. For
regression model based on the three variables entered, the specificity
and the sensitivity 89% (overall 87%).

Paper il

In vivo Study

Factors that may be associated with the development of dental eros
participating children, are shown in Table 4. Beverage consumpti
group was generally found to be high (X=410 liters/year, range=62-
frequent, and consisted mainly of soft drinks, including juices. Intak
varied and some reported lemon sucking. Daily oral hygiene with t
and fluoridated toothpaste was reported by 8 of the 16 children, and
3 of them. One reported daily tooth brushing, but without toothpast
practiced no oral hygiene at all. Of those cleaning their teeth, none
miswak. The time for starting oral hygiene varied between 3 and 6 ye
Mean gingival bleeding index and visible plaque index were found
(range=0-24) and 35% (range=0-89), respectively.

Respiratory tract infections, and tonsil problems were common, ac
the medical file. The majority of the children had had freguent presc:
medications, such as antibiotics, analgesics and cough suppre
antitussives (Table 4). For example, three children had been diagn
respiratory tract infections on 87, 42 and 38 occasions, given antibiot
and § times, cough suppressants or antifussives 70, 32 and 38 -
analgesics 67, 34 and 28 times from birth to the time the files were s
as part of this study. Four other children had been referred to the ear
throat clinic from the primary care doctor due to enlarged tonsils anc



and with recurrent upper respiratory tract infection. All of these children were
also reported to snore or mouth breath or both. Three of the children referred to
the specialist underwent adenotonsitlectomy. The fourth case referred did not
undergo surgery as the tonsils were found to be non-obstructive.

Two other children were diagnosed as asthmatics and had medication for
this. None of the children reported stomach problems or any clear dental
problem, which could be related to their dental erosion. According to the
medical file, the children were also diagnosed with other infectious conditions
(not mentioned in Table 4), e.g. eye infections and gastroenteritis and were also
prescribed medication for these, SEM assessment had confirmed the diagnosis
of dental erosion in all teeth subjected to analysis (v=8; from eight different
children), with a characteristic loss of enamel surface structure leading to a
honeycomb appearance, seen in the specimens,

Table 4. Findings from questionnaire (intake of drinks and fruits, oral hygiene habits) and medical
records (snoring andfor mouth breathing, adenotensillectomy and number of prescriptions). 0 =
none; - = missing data; d = daily; w = weekly
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! 8= soft drinks; M= milk product; T= tea; W= water

? URTI= Upper Respiratory Tract Infection; LRT1= Lower Respiratory Tract Infection; A= Astluna
* Recorded from medical record only

! Referral resuiting in adenotonsifiectomy

* A= antibiotics; AN= analgesic; C= cough suppressant

In vitro Study

The microhardness measurements showed that enamel surface
decreased proportionately with increased time of acid immersion ir
specimen  groups, irrespective of ethnic origin. However, whet
permanent teeth were compared to Finnish and Saudi deciduous
differences in microhardness were found to be statistically signifi
deciduous teeth being sofier than permanent ones, both at baseline
immersion in acid (P<0.01 to P<0.001). In all cases, typical erosic
were observed as expected. No particular morphological differences
detected between the deciduous and permanent teeth, or between
and Saudi deciduous teeth. Irregular patterns of pit-like erosion areas
in all specimens, varying from site to site.

Paper iV

Drinking Habits and Questionnaire

Consumption of other types of soft drinks apart from cola-type d
negligible. The amount of cola-type drink consumption was almos
high 253 liters/year and 140 liters/year in the high compared to the Ic
group (P<0.05). A similar level of difference was found for the
subjects kept the drink in the mouth before swallowing, viz. 71 s fo
and 40 s for the low erosion group (P<0.05). No differences w
regarding the total consumption time and number of intakes and swa
subjects preferred to drink directly from the can. Mouth breathing
common in the high erosion group compared to the fow erosion group

pH Measurements

There was a dropout of one individual in each group due to technic:
Only small differences between the two groups were found at baseli
sites, apart from the proximal site of the maxillary cenfral incisor
erosion group showed the most pronounced pH fall during the firs
Beyond 10 min, the general tendency was the opposite, i.¢. a slower n
the low erosion group. Differences in AUCq.0 and AUCp.sp between 1
were not significant for any of the sites for both AUCs viz. below p
5.5.

On both buecal and palatal surfaces of tooth no. 11, a more prong
fail was found in the high erosion group, but no significant differe
found between the groups when comparing the pH values at each tim:
the whole 50 min period. However, when comparing the anterior si



premolar sites, pH was significantly higher at anterior sites (P<0.05 or P<0.01)
in both groups. Differences were also found when comparing the tongue and
the dental sites, the tongue having higher pH (P<0.03 or P<0.01).

Salivary and Microbial Analyses

Urea - unstimulatod saliva

One salivary sample among the low
erosion  subjects failed due to
technical reasons. The concentration
of urea in unstimulated saliva was
lower in the high eresion group
(P<0.05). A numerically lower
concentration of urea, although not
statistically significant, was also
found for the stimulated saliva in the
high erosion group (P=0.13) (Fig.
9). There were no differences in
concentrations  of  electrolytes
between the groups. No significant
differences between the groups were
found with respect to wvariables
related  to  unstimulated.  and
 stimulated secretion rates, buffer
capacity and numbers of lactobacilli
or mutans streptococci.
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Fig. 9. Concentration of urea i High and
low grosion subjects.

Clinical Parameters

The number of first molar cuppings and buccal cervical defects were more
common in the high compared to the low erosion group (P<0.05 and P<0.01,
respectively). [n the high erosion group, one or more cervical defects/cuppings
were found in 60% and 75%, respectively, of the subjects. In the the low
erosion group none had cervical defects and 43% had cuppings. The palatat TPI
was lower in the high compared to the low erosion group, while the buccal TPI
was not. Visible plaque index did not differ significantly between the two
groups, either for the whole dentition or the buccal and palatal surfaces of the
maxiliary anterior teeth only. Gingival bleeding index for the whole dentition
was significantly lower in the high erosion group {P<0.05), but the index for the
maxillary anterior teeth only was not.

PaperV

In general terms, a higher rate of consumption of the drink was founc
two (telemetric method) than in series one (microtouch method), exc
sucking from a straw (Table 3). The mean pH curves for the two
methods showed similar results, although the telemetric method produ
baseline values as well as more pronounced pH falls.

Microtouch Data

No statistical differences in pH and AUC between the three intraoral

found. Holding resulted in the most pronounced pH fall during the
minutes. pH then recovered close to the baseline value within 5

swallowing. Short-Sipping produced a pronounced drop in pl
consumption, even if not as great as for holding, after which there w:
quick return to baseline. Long-Sipping resulted in a moderate pH fal
microtouch method {in contrast to the telemetric method)} during the
min, after which pH stayed at a low level during the remaining exposu
A slower recovery rate than for Short-Sipping was found and baselin
not re-established until 10 min after the actual sipping had ceased. Th
method showed only a minimal drop of pH immediately after each ol
intakes, followed by a quick recovery. Nipping resulted in a moder
drop in pH, followed by a slow recovery to above baseline after 1
drinking. Sucking led to an initial drop during the first 2 min, follo
quick rise back to above baseline within a few minutes. Long-Sipping
highest mean AUCg; value over 0-30 min, Holding resulted in th
AUCs5 over 0-2 min, while at 30 min the cumulative AUCss was

same as for Long-Sipping. In spite of the fact that Holding represent
the shortest consumption times, it ranked second in terms of AUCg5 3
the 0-30 min period. Holding resulted in the highest number of <
differences in AUC compared to the other methods. Fig. 10 shows
erosion-conducive drinking methods based on pH-drop and acid x time

Telemefric Data

The results obtained with the telemetric method were in many respec
fo those found with the microtouch method. However, the telemetri
gave pH readings with more fluctuations, and especially so with m
drinking of longer duration (Long-Sipping and Nipping). With Nippin
difference in pH between the two measuring methods during the last §
observed, This was due to the exireme values obtained from only
vidual. When the erosive effect of the different methods of drinking,
by the telemetric method, was expressed as acid concentration x tin



found that Long-Sipping had the strongest erosive effect during the intake,
followed by Holding and WNipping. The strongest erosive effect afier the
consumption was found with the Holding method.

Holding Long Sipping
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Fig. 10. pH fall {mean values) for three of the methods of drinking for both metheds
(A.B,C) and the corresponding AUCs z with the microtouch method (D).

-- = Microtouch method, —— = Telemetric method: . .

= pariod of infake

DISCUSSION
Methodological Aspects

Reliability & Validity of the Questionnaire

Central fo this investigation were the results and conclusions drawe
responses to the guestionnaire in Papers I-IV. From a general s
questionnaires are useful in biomedical research and it is known, for
that self-rated health is an accurate and independent predictor of fur
and death, which may even exceed that of medical expert judgment'®
validity and reliability have similarly been found with the use of gques
related to oral and orofacial conditions'”, For the present purposes, U
maximize validity and reliability was addressed by adopting certain p
as discussed below. The questionnaire (Fig. 7) was constructed on th
one previously used in similar types of research®. The questions were
and additions were made on the basis of the results of an initial p:
whichk was performed prior to starting the work described in Paper [.”
study served the additional purpose of piloting the procedures inclue
clinical examination. The original English questionnaire was trans
Arabic by a co-author fully conversant with the customs and traditic
country, and the ftranslation validated by independent re-transi:
English. The completion of the guestionnaire were performed by a
trained bilingual transiator who had served for many years in that ¢
the dental department. All data obtained from the interview and ques
were checked afterwards by the principal investigator (A-KJ). h
reasonable to expect the foregoing measures to have increased the «
the responses since language problems, bias and/or misunderstandit
interview would to a large extent have been eliminated. A special
arises when interviewing young children (Paper 11}, since, given their
cannot reliably be expected to give accurate answers to relatively co
questions. Besides this, parents may have difficulties answering

correctly on behalf of their children. The children in this study (Pape
all attended the hospital since birth, and there was therefore a comp
medical file available. In order to increase the validity of the :
information given by the child and parent were cross-checked wher
and complemented where appropriate, with the information contain
medical records, e.g. diseases and medications. As regards the reliabi
guestionnaire, one could argue that it is in fact a part of the validity. T
though no separate analysis of the reliability of the questionnaire

performed, the comprehensiveness and representativeness of the qui
investigate wear had previously been found to be acceptable®, whi



improvements in clarity and comprehensibility, in order to increase its
reliability, were made to the present questionnaire, Statistical advice was sought
in the construction of the questions and the numeric measures attached thereto,
in order to facilitate inferential statistical analyses,

I summary, it may be fair to assume that the measures taken, in the context
of the general limitations of questionnaires, conferred acceptable levels of
vaildity and reliability to the instrument used. Such a contention may be further
substantiated by the results, whereby the outcome of the analysis of the
questionnaire in general terms confirmed theoretical expectations as regards the
correlations that could exist between the responses obtained and the occurrence
of dental erosion.

Assessment of Dental Erosion

Being able to accurately evaluate degrees of dental erosion was crucial to the
integrity of the findings. Of particular relevance, in this regard, was the validity
aud the reliability of the scale used for grading dental erosion (Papers 1, 11, 111
and [V). Many different systems for grading dental wear and dental erosion
have been described, each with its advantages and disadvantages. It is clear,
when choosing a scoring system, that the type of investigation that is 1o be
performed is important. In Paper 1, a relatively large number of subjects was to
be examined clinically for assessment of the occurrence of dental erosion,
Therefore the use of a relatively simple ordinal scale was considered suitable,
On the other hand, more sophisticated methods such as SEM and microhardness
assessments (Paper [1I), iodine permeability®™ or ultrasonic measurements'"
could be applied in smaller, selected samples and for purposes that are more
specific. The ordinal scale used in the present study has similarities with
others'*"*? but is primarily a variant of Eccles, which was first described in
1979, For the present purpose, so as to increase validity, the final diagnosis
and scoring of dental erosion was reached from combined ¢linical, study cast
and intraoral slide assessments.

The distribution of dental erosion is by no means uniform. Maxillary anterior
teeth were found to be commen sites of, and most severely affected by, erosive
wear, making their accurate and reliable assessment for presence and degree of
erosion possible. Other teeth in the dentition were not as reliably gradable, due
to the fact that they were generally not so seversly affected. In addition,
morphological complexities and photographic and cast qualities are factors
limiting the assessment of erosion in general, and particularly so for posterior
teeth. [t was also considered important to distinguish between erosion and other
types of wear as much as possible. For these possible confeunding reasons, the
assessment of erosion was confined fo the maxillary anterior teeth, with incisal
surfaces excluded. In the clinical assessment of erosion, it was found that the

standard mouth mirror was difficult to use. The mirror used for occh
in intraoral photography, together with a good operating light, was fo
preferable and was therefore utilized. The casts were valuable in v
three-dimensional aspects of changes affecting morphological featur:
and palatal morphology, as well as any change in bucco-lingnal ¢
could by this means be detected. Similarly, the effects of camera ;
lighting on the photographic image, and the angle at which a cast is vi
significantly affect the appearance and add a further dimension to tl
process of assessment (Paper ). In order io be able to diagnose the ear’
lesion, the scale alse graded defects in enamel, which may reflect initi
changes. Such lesions are commonly found in both children and ad
and their detection is very important from an epidemiological and p
point of view. When using a more coarse scale, and overlooking erosi
in enamel, only more advanced erosive lesions will be recorded. Enar
in thickness and dentinal exposure should not be uniformiy judged; it
considered in relation to the amount of enamel which needed first ¢
away. It could therefore be speculated that cuppings, which usually t
on the cusp tip, where the enamel is relatively thick, should be juc
manifestation of more severe erosive damage than, for example, dama
buccal cervical one-third of the crown, where enamel is thinner. On th
the practical lessons learnt in this series of assessments, it is oc
proposed that the combined approach of grading erosive wear using
cast and photographic examinations, offers significant advantages cor
systems which rely on a single, or at most a dual approach'™.

A thorough program of examiner training and calibration, with r
grading dental erosion, between the principal investigator (A-KJ) and -
investigators (AJ and GEC) was performed prior to the investigat
permitted the use of a sole examiner (A-KJ) for grading purposes, wh
be considered a strength of the study. In addition, the examiner had no
information from the questionnaire during the final scoring of erosion,
to the clinical erosion scores, the casts and the slides. The reliability of
used for grading erosion was tested by repeat, blind assessments on a
of teeth, producing an intra-examiner concordance of 78% which
considered as acceptable (Paper I).

The Mean index

An arithmetic mean erosion index for a subject was derived by summ
his erosion scores and dividing the total by the number of teeth

. (Papers II & V). Constructing a2 mean value index from an ordinal sc:

be considered controversial and some general objectionsscouid be raise:
subsequent discussion has been addressed previously’. The scale .



between gradations in an ordinal scale are not identical and a mean value do not
represent the severity of erosion in a subject in addition to that it does not
exactly match with any of the grades in the scale which could render such a
value useless from a descriptive point of view. From a general perspective, a
mean value is likely to be biased because of possible extreme scores or a non-
normal distribution of erosion scores within the sample, while a small sample
size complicates inferential analysis.

The alternatives to using the arithmetic mean could be a median value, or a
sum of scores, grouping of scores into clysters and weighting to compensate for
the unequal distances between scales. All of these alternatives do, however,
present their own specific problems and were therefore considered
inappropriate for the present purposes. The use of a mean value was also
deemed justified by virtue of the homogeneity of the sample with respect to the
generally complete presence of maxillary anterior teeth. In addition, the sample
size (n=95) was large enough to Justify the use of means on the basis of the
central [imit theorem.

In summary, the use of mean of the ordinal scale in the statistical analyses
was therefore considered appropriate.

Sample and Subgroup Selection

The representativencss of the sample in Paper I with respect to age needs
- discussion. Although the sample was not fully representative of this age group

within the general population, it did represent a mix of socio-zconomic and
educational scales. In addition, the sampling was randomized and the
attendance was good (95%). It would also be reasonable to assume the
generally fit and healthy status of young military inductees here, as would be
the case elsewhere. Such an assumption is further supported by the general
finding through the questionnaire of the relative absence of systemic diseases
and use of medication in the sampie. In fight of the aforementioned factors
together with clinical observations in the general population, the
representativeness of the present sample of young adult Saudi men may be
considered sufficient for some cautious general conclusions about men in their
age group to be drawn. '

In order to evaluate different factors that potentially influence dental erosion,
high and low erosion subgroups were selected {Papers IT and IV) on the basis of
the highest and fowest erosion mean individuat indices in the sample (Paper I,
Fig. 11 A). As an indication, a large proportion of surfaces was graded as either
3 or 4 In the high erosion groups while in the low erosion groups the majority of
surfaces was graded as 0 (Paper It and 1V, Fig. 11 B, C). This supports our

contention that the subgroups represented individuals with clearly contrasting
levels of dental erosion in Papers [ and [V.
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Other Methodological Aspect.

When  applying  multivaris
statistics, it is important 1
recognize  that  co-variatio
between the different factors ca
sometimes produce a “false
relationship with the examine
factor, in this case the mea
value index of dental erosion. A
the dependent variable wa
dichotomous (low or high dents
erosion} a logistic regressiol
model, which takes into accoun
the problem of cross-correlation
was applied to evaluate th
association of different factor
with dental erosion (Paper [1).
The absence of a contro
group in Paper IH reguire:
clarification. Data collection was
performed in the first half of the
1990s, at which time reports or
dental erosion affecting
deciduous teeth were almost non-
existent, The rationale was
consequently confirmational, te
the extent that dental erosion
firstly, could affect the primary
dentition, and secondly fo verify
the observed erosive damage by
SEM. In addition, it was intended
to  characterize  differences
between deciduous and
permanent teeth on the basis of
SEM and microhardness
properties,  Coensidering  the
largely exploratory aims of the
study, a control group was
therefore not deemed necessary,
The measurement of
intraoral pH  during drinking
requires some comments {(Paper




V). The microtouch technique, inasmuch as no new methodological assessment
was made, requites elaboration. Firstly, the method is accepted and has a strict
technical protocol to be followed in order to minimize recording errors™
(Paper V). Secondly, in most instances, a mean of several registrations was
used in both descriptive and inferential analyses which reduced the effects of
interval measurements and its measurement errors, 1t is further suggested that
the use of the telemetric method as an additional measuring technique
complements the microtouch method, to strengthen the conclusions drawn
regarding the effect of method of drinking on intracral tooth surface pH.

Dentai Erosion - Prevalence and Associated Factors

Assessment of Prevalence

An absolute comparison of the prevalence of dental erosion in the present
imvestigation with results from other population samples is not possible
primarily due to the different grading systems used and dissimilar age and sex
composition. Restricting evaluations to only maxitlary anterior teeth and then to
only their buccal and palatal surfaces, has similarly been applied in other
epidemiologic studies’™ . In addition, the recognition and recording of
concavities on smooth surfaces as being a characteristic of grade 2 in the scale
for grading erosion (Paper 1), has recently been shown to be correlated with
dental erosion'”. Within these constraints, a few comparisons to other studies
can be made as regards the prevalence of erosion. In Td-year-old British
children it was found that 80% of the children showed evidence of enamel
erosion using the TWIY, This corresponds roughly with the prevalence of
erosion reported in Paper I where 80% of the subjects had at least one tooth
affected with grade 2 erosion or higher. In another British survey, 2% of the 13-
15 year-old children studied showed erosion inte dentin’>. Among 12-14 year-
old Saudi boys, 26% were found to have exposure into dentine®. However,
16% of the subjects in Paper I had one or more testh affected with severe
erosion if one combines grades 3 and 4 erosion and 5% if only grade 4 is
counted.

In general, the prevalence figures and pattern of dental erosion presented in
this study seems to conform to data presented elsewhere in regard to findings of
dental erosion in young adults. The background factors of dental erosion are to
a farge extent dependent on the prevailing period and/or culture in which the
subjects are living. Lifestyle changes can ocour quickly which make
comparison of findings over even short time spans difficult"".

Cuppings and Cervical Defects

A not unexpected finding was a significant correlation between cug
first permanent molars and dental erosion, since cupping is on
recognized clinical features of dental erosion®™**. In high erosion subje
more common than in low erosion subjects (Papers 1l and IV). Cupping
been found more common in high erosion subject among 11-year-old
compared to non-erosion subject’’. In a recent Australian study, it w
that cuppings were most common in mandibular first molars foll
maxillary first molars, and it was suggested that mandibular first p
molar cuppings indicate the age of onset and severity of dental erosic
also found that cuppings on first molars were more common and larg
in younger than older individuais with dental erosion'™.

Buccal cervical defects were also significantly correlated with the st
dental erosion (Paper II, IV). In a recent SEM study, shaliow cervice
were strongly associated with occlusal erosive pathology, while wedg
cervical lesions had an association with both ecclusal erosive wear and
attrition'®. The prevalence of cervical lesions in the present materia
likely underestimated due to the decision to only record defects w
demarcation, and omisting the small defects. However, the extent to wh
vigorous oral hygiene activity per se in the high erosion subgroup acco
the defects needs to be taken into consideration (Paper I1, V).

In conclusion, it seems certain that morphological changes showing
of erosion on the buccal and palatal surfaces of maxillary anterf
cuppings on first permanent molars and presence of cervical defects,
clinical signs of, and represent the onset of dental erosion in young adu

Oral Hygiene

Oral hygiene measures among the military cadets in Paper 1 were |
minimal and none had started practicing oral hygiene before the aj
years. This can be compared to a recent study in which about 60% of 6
Saudi children reported cleaning their teeth on a daily basis, and of the
used the miswak' ">, Comparing this, in turn, with the high erosion ch
this investigation (Paper II1), oral hygiene practices were even more ¢
The improving level of oral hygiene compared to the cadets could in g
a result of the rapid development and accompanying changes in lif
Saudi Arabia. In this regard, it has been found that oral hygiene |
subjects aged 10-60 years in Saudi Arabia is strongly associated with
of education'™ but among 2-5 year-old Saudi Arabian children, no reic
with dental erosion was found regarding either oral hygiene or social cl:
In Paper 11, a significant correlation between lower gingival bleedi
and high erosion was found. This may partly be explained by the fact



prevent dental erosion, an individual’s method of drinking should therefore be
investigated. Information and recommendations to patients at risk should
include advice to reduce consumption of acidic drinks and to avoid a method of
drinking which could cause low pH values for a long period of time.

Quality of Dental Hard Tissue

Ameng the teeth collected from the children with severe dental erosion (Paper
I1), the clinical diagnoses of dental erosion were confirmed by SEM in all teeth
analyzed. Deciduous enamel was softer than enamel of permanent teeth and,
subsequently, more prone to erosion. This was not unexpected because
deciduous tecth are less mineralized than permanent teeth and have a less
mature enamel surface. The erosion in deciduous enamel was found to be
relatively more rapid than that of permanent enamel. Some studies has
suggested that the progression of dental erosion is faster in deciduous than
permanent enamel” ' while in another study no difference was found'”. The
SEM results of the in vitro experiment (Paper 111} mainly reaffirmed earlier
observations from similar studics with permanent teeth, showing wide
variations in eroded surface enamel'®. It has earlier been pointed out that great
complexity can be seen in the different patterns of loss of enamel structure in
eroded deciduous teeth'”’, similar to the findings in this study.

Nevertheless, based on SEM observations alone, no definitive conclusion
can be drawn on the degree or severity of erosion. SEM analysis was instead
used fo visualize the associated pathology, while the assessment of surface
microhardness was performed to obtain quantitative data. Such a combined
approach for understanding dental erosion has been applied in other
studies®6%,

It can be speculated whether susceptibility to erosion might depend on
differences in hard tissue quality, culture and/or ethnic origin, or perhaps even
genetics and/or environmental conditions, As regards Paper III, no clear
difference was observed between the degrees of erosion sustained by Finnish
and Saudi deciduous teeth in vitro, which renders the aforementioned bases for
possible differences, in the case of these two population groups, invalid.

Since the erosion in this experiment was induced under in vitro conditions, it
is clear that the results are not completely transferable to the in vivo situation
where the amount and %qality of saiiva® and the pellicle will protect the teeth
from acidic challenges™*, From a clinical standpoint, and in regard to young
children, it has been shown that children aged 3-7 years have larger variations
and slower salivary sugar clearances and also lower salivary flow rates than
older children and adults'®®, From the standpoints of both hard tissue quality
and salivary conditions, deciduous teeth seem, therefore, to be at greater risk
than permanent teeth as regards erosive challenges.

In summary, deciduous enamel has about the same potential fot
vitro regardless of the origin of the teeth, and that deciduous
relatively more prone to in vitro erosion than permanent enamel.

The Clinical Implications of Derdal Erosion

Changes in the patterns and distributions of the major diseases affec
and oral health are well recognized™™ ™, changes which may af
widespread presence of dental erosion. The evaluation of 1l

- significance of a diagnosis of dental erosion should be made on an

rather than an absolute basis. A degree of erosion that may b
acceptable, and not warranting treatment, in one set of circumsts
amount t0 a severe, possibly functionally debilitating condition,
sitiation. In this regard, the existence of grade 3 erosion acros
generations of the same family, come to mind. When severe den
affects a child, the main disability may include pain initially, but can
grow in seriousness to affect eating, appearance and the quality of
individual. Prevention may at times involve making lifestyle changes.
for the affected individual, but for the whole family. For example, i
shown that the children’s dietary patterns commonly reflect thei
choices of food and drinks®Z,

Frequently, the etiological, modifying and/or aggravating factor:
erosion will persist throughout life. Therefore, a patient, once diagi
dental erosion, should be monitored and, if needs be, observed and
for a long time. Besides providing the patient with all necessary i
about their condition and prophylactic advice, photographs and s
casts, salivary analysis and, if needed, consultations with the patiet
physician are good tools to use in the battle with the dental eros
patient suffering from progressive dental erosion, it is especially in
hasten the investigation in order to retard or prevent further deteri
morphological changes, sensitivity, perhaps irreversible pulpal invol
even complex orthodontic alterations. The central tenet of managen
effective implementation of preventive measures, followed &
necessary, restorative or prosthodontic cortective solutions. This is
true for adolescents since the longevity of the reconstructions is Iir
will result in complications which implies an on-going future treatr
The child with eroded deciduous teeth presenis both a challeng
opportunity to prevent later involvement of the permanent dentitio
advice and information about dental erosion at the right time ma
patients totally prevent further damage, while in others the situatic
more difficult. However, even in very severe cases, like in eating di
has been shown that information and prophylaxis is useful for the



further progression dental erosion®.

Thus, it is important for the dental team today to recognize the early stages
of the condition, to understand its pathogenesis and to be able to distinguish its
diagnostic features. Equally important are the need and the means to effectively
communicate any positive findings as regards dental erosion to the patient, or
the respective parents, since any chance of success with preventive measures
strongly will depend on the patient’s or his/her parents’ proper understanding of
the condition,

GENERAL SUMMARY AND CONCLUSIONS

1. The system applied for identification and assessment of dent:
showed an acceptable precision and reliability.

2. Dental erosion s a common finding in young Saudi men and
drink consumption is high.

3, Cola-type beverage consumption and oral hygiene practices app
important factors in the development of dental erosio
morphological changes on maxillary anterior teeth, first molar
and cervical defects are early clinical signs of dental erosion,

. serve as markers for its onset in adolescents.

4. High intake of acidic drinks and fruits, upper respiratory tract pro
frequent taking of medications were common findings in smal
with severe denial erosion. The clinical diagnosis of erosion
deciduous teeth was confirmed by SEM.

3. Deciduous tooth enamel has about the same potential for in viii
regardless of the origin of the teeth, but is relatively more prone
erosion than permanent enamel.

6. Method of drinking, less plaque on maxillary anterior pal:
surfaces, fower urea content in unstimulated saliva, and better
status are associated with severe dental erosion.

7. The period of low pH after an acidic challenge seems largely re:
the time of consumption. The method of drinking greatly influenc
on the surface of the teeth and consequently the risk of erosion,

It may be concluded from this study that dental erosion has a mu
etiological, aggravating and modifying factors. At a commun
information campaigns related to life style factors and its implic:
dental erosion must be launched.
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