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In recent years, dental erosion is increasingly recognized as 
an important cause of tooth structure loss in children. Ero-
sion is commonly due to an intrinsic acid source such as 
gastrointestinal refl ux or extrinsic acids such as carbonated 
soft drinks.1 Tooth changes observed in dental erosion range 
from mild modifi cation of surface characteristics to severe 
loss of tooth structure.2-8 Clinical problems associated with 
erosion include: (1) dental sensitivity; (2) altered esthetics; 
(3) enamel fracture; and (4) eating diffi  culties.2-8

 Although studies on dental erosion in children are avail-
able from Europe,2-4 Saudi Arabia,5,6 the United States,7 and 
China,8 data from Australian children are lacking. Further-
more, there are few studies regarding dental erosion in the 
primary dentition. As primary teeth have thinner enamel 
and dentin,9-11 it is hypothesized that they are more suscep-
tible to dental erosion.12

 In addition, predisposing factors for dental erosion remain 
unclear. While one study has demonstrated that there may be 

more dental erosion in males compared to females,13 others 
have shown no signifi cant gender diff erences.7 Furthermore, 
children with dental caries may also be more predisposed to 
dental erosion,6,14,15 suggesting that there may be common 
risk factors in the two conditions.
 The purpose of the present study was to establish the 
prevalence of dental erosion in a group of schoolchildren in 
Queensland, Australia, and to investigate the correlation of 
dental erosion with other common dental conditions, such 
as caries and enamel hypoplasia.

Methods
This study was approved by the Human Research Ethics 
Committee of the University of Queensland and Queensland 
Health, Brisbane, Australia. A total of 714 children between 
5.5 and 14.6 years old, who attended school dental clinics in 
the Logan-Beaudesert Health Service District in the state of 
Queensland, Australia, were examined within a 6-month 
period. This Health Service District—which provides free 
government dental care through the school dental clinics to 
over 50,000 schoolchildren—is one of the largest in the state. 
Children in years 1, 3, and 7 from 8 schools were randomly 
selected to determine erosion prevalence in the primary, 
mixed, and early permanent dentitions.17 The randomiza-
tion process was achieved by selecting schools in the rou-
tine rotational basis for dental examination of the children 
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Abstract: Purpose: The purpose of the investigation was to determine factors associated with dental erosion in a group of schoolchildren in Queensland, Australia.

Methods: Dental examinations were carried out on 714 children aged 5.5 to 14.6 years from 8 randomly selected Australian schools. A total of 3,165 primary and 

2,976 permanent teeth were scored for dental erosion using a modifi ed erosion index. Dental caries experience was determined from clinical examination and bite-

wing radiographs. Enamel defects were recorded using the developmental defects of enamel index. Results: There were 225 children (32%) who exhibited no erosion There were 225 children (32%) who exhibited no erosion There were 225 children (32%) who exhibited no erosion 
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Children with erosion in the primary and permanent dentition were more likely to have: (1) a lower socioeconomic status (primary dentition, P<.001 and permanent 
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Conclusions: In Australian schoolchildren, the prevalence of dental erosion in the primary dentition is approximately 3 times greater than in the permanent denti-

tion. Dental erosion is strongly associated with caries experience and enamel hypoplasia. (Pediatr Dent 2007;29:33-39)
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until the required numbers for each age group was obtained. 
Every child in each year group selected was included in the 
study unless there was withdrawal of consent from the par-
ent. Signed, informed consent was obtained by 87% of par-
ents/guardians of the schoolchildren contacted.
 Clinical examinations were carried out by four examin-
ers, who were calibrated for interexaminer consistency us-
ing duplicate examination of a series of extracted primary 
and permanent teeth which contained the various grades of 
erosion. Calibration in the fi eld was not performed. 
 The children were examined in the school dental clinic 
using a dental mirror and explorer. Teeth were dried prior to 
examination. Bitewing radiographs were exposed for all sub-
jects as part of the clinical examination. Sixteen key teeth—all 
permanent fi rst molars, all primary fi rst and second molars, 
and maxillary permanent central and lateral incisors—were 
scored for dental erosion.
 Dental erosion was scored on a spectrum of increasing 
severity, from score 0 to 3, using an index proposed by Aine 
et al.19,20 In this index: 
 1. Score 1=loss of surface enamel or rounded cusps. 
 2. Score 2-dentin was involved in less than one third of 
              the tooth surface. 
 3. Score 3=dentin involvement was greater than one
       one third of the tooth surface. The occlusal/incisal, 
         facial, and lingual surfaces were scored for each 
              key tooth.

 4. Score 0=normal or no loss of surface enamel anatomy.
 The highest score given to a tooth surface was used to as-
sign an erosion grade for each tooth. An erosion index was 
then calculated for each subject using the erosion grade for 
each tooth, divided by the total number of teeth scored. No 
substitutions were made if teeth were not present. Severe 
erosion is diagnosed if the erosion index is 1.06 or greater.
 All teeth present were also examined for the presence 
and severity of enamel defects using the modifi ed develop-
mental defects of enamel index.21 In brief, an enamel opacity 
was scored if there was a change in the translucency of the 
enamel, and enamel hypoplasia was scored if the enamel was 
absent in the form of grooves, pits, or missing enamel.21

 Dental caries was assessed using data combined from 
the clinical examination and bitewing radiographs to com-
pute the DMFS score for permanent teeth or the equivalent 
dmfs score for primary teeth for each subject. 
 The occlusion for each subject was recorded using An-
gle’s classifi cation: 
 1. Class I=normal; 
 2. Class II=maxillary molars in mesial occlusion; and
 3. Class III=maxillary molars in distal occlusion. 
 Incisal overjet and overbite were measured using a mil-
limeter scale.22

 The children’s socioeconomic status (SES) was determi-
ned from local census data which uses suburb of residence

* Erosion present in at least one tooth (inclusive of all grades of erosion).
†  Chi-square test.

   Table 1.   DEMOGRAPHY OF 5.5- TO 14.6-YEAR-OLD SUBJECTS SHOWING PREVALENCE OF EROSION REGARDING GENDER 
                      AND SOCIOECONOMIC STATUS

All Teeth    No. (%) Primary Teeth    No. (%) Permanent Teeth   No. (%)

Erosion 
absent

Erosion 
present * Total P

value †
Erosion 
absent

Erosion 
present * Total P

value †
Erosion 
absent

Erosion 
present * Total P

value †

 Gender

.87 .79
.0345

(Chi-square
=4.469,
 df=1)

Boys 110 (31%) 244 
(69%) 354 64 (23%) 218 

(77%) 282 225 
(71%) 92 (29%) 317

Girls 115 (32%) 245 
(68%) 360 58 (21%) 213 

(79%) 271 326 
(78%) 93 (22%) 419

Total 225 
(32%)

489 
(68%) 714 122 

(22%)
431 

(78%) 553 551 
(75%)

185 
(25%) 736

      Socioeconomic  Status

.11 .0002
(Chi-square

= 13.443, df=1)

Lower 112 (29%) 276 
(71%) 388 45 (16%) 236 

(84%) 281 <.001
(Chi-square

= 12.150, 
df=1)

236 
(68%) 111 (32%) 347

Higher 113 (35%) 213 
(65%) 326 77 (28%) 195 

(72%) 272 296 
(80%) 74 (20%) 370

Total 225 
(32%)

489 
(68%) 714 122 

(22%)
431 

(78%) 553 532 
(74%)

185 
(26%) 717
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as well as the occupation of the main income earner in the 
household to determine socioeconomic status.23

Statistical analysis
Data was entered into a custom database and analyzed using 
Chi-square tests and an alpha signifi cance level of .05. Cohen’s 
Kappa statistic was used to assess interexaminer consistency.18

Results
Interexaminer consistency. There was substantial agree-
ment among the examiners for assessment of dental erosion 
(unweighted kappa=0.76). 

Demography and prevalence of erosion. Based on the ero-
sion scores, 2 groups of subjects were identifi ed according to 
whether they had “erosion absent” or “erosion present.” In 
Table 1, “erosion present” denotes the presence of erosion of 
any degree of severity in at least one tooth. The “erosion ab-
sent” group represented children with an erosion index of 0 

(no erosion scored on any teeth) and served as a control group 
for children with erosion. As shown in Table 1, the population 
sample of 714 subjects consisted of 354 boys and 360 girls 
whose ages ranged from 5.5 to 14.1 years. Of all the subjects 
examined, 225 (32%) exhibited no erosion and 489 (68%) 
showed erosion of at least one tooth (Table 1). Furthermore, 
as shown in Table 1, the prevalence in the primary denti-
tion is 78% and in the permanent dentition 25% (P<.001).
 Compared to permanent teeth, primary teeth showed a 
higher prevalence of severe erosion (78% vs 14%; P<.001). 
When the children were divided into two socioeconomic 
groups,23 subjects in the “erosion present” groups in the re-
spective primary and permanent dentitions groups were sig-
nifi cantly more likely to belong in the lower socioeconomic 
groups (P<.001 for primary teeth, P<.001 for permanent 
teeth) compared to the “erosion absent” group (Table 1).
 In Table 2, the “erosion present” group represented 
children with an erosion index greater than or equal to 1.06. 
When the “erosion absent” group was compared to the “ero-

   Table 2.   ANALYSIS OF THE ASSOCIATION OF CARIES, ENAMEL HYPOPLASIA, AND OCCLUSION  WITH EROSION INDICES OF
                      5.5- TO 14.6-YEAR-OLD SUBJECTS

Erosion by index: 
All teeth No. (%)

Erosion by index: 
Primary teeth No. (%)

Erosion by index: 
Permanent teeth No. (%)

Erosion
absent*

Erosion 
present† Total P value Erosion

absent*
Erosion 

present† Total P  P  P value Erosion 
absent*

Erosion 
present† Total P   valueP   valueP

  Occlusion

.11 .36 .09 
      Class I 68 (41%) 98 (59%) 166 102 

(47%) 115 (53%) 217 132 (53%) 115 (47%) 247

Class II 49 
(53%) 44 (47%) 93 73 (55%) 60 (45%) 133 81 (61%) 52 (39%) 133

Class III 4 (67%) 2 (33%) 6 1 (50%) 1 (50%) 2 9 (82%) 2 (18%) 11

  Overjet *
<.001

(Chi-square
= 72.158, 

df=1)

.10 .69≤3 mm 103 
(48%) 111 (52%) 214 148 

(53%) 132 (47%) 280 179 
(57%) 134 (43%) 313

>3 mm 199 
(86%) 33 (14%) 232 31 (41%) 44 (59%) 75 42 (53%) 37 (47%) 79

  Enamel hypoplasia
.003 

(Chi-square
= 13.262, 

df=1)

.39

<.001
(Chi-square

= 19.285, 
df=1)

Present 35 (32%) 73 (68%) 108 82 (49%) 87 (51%) 169 65 (43%) 87 (57%) 152

Absent 87 
(55%) 71 (45%) 158 98 (52%) 89 (48%) 187 158 

(65%) 84 (35%) 242

  Caries

.38 

<.001
(Chi-square

= 26.388, 
df=1)

.002
(Chi-square

= 9.858, 
df=1)

Present 91 (44%) 115 (56%) 206 41 (32%) 86 (68%) 127 95 (42%) 130 (58%) 225

Absent 31 (52%) 29 (48%) 60 139 (61%) 90 (39%) 229 49 (63%) 29 (37%) 78

      Total 121 
(46%)

144 
(54%) 265 176 

(50%)
176 

(50%) 352 222 
(57%) 169 (43%) 391

*  The criterion for erosion absent is an erosion index of 0.                                                       
†  The criterion for erosion present is an erosion index of ≥1.06.
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sion present” group, there was no relationship found be-
tween the groups and type of occlusion (Class I, II, or III) in 
the permanent dentition (Table 2). Children with erosion 
present, however, were more likely to have an anterior over-
jet of greater than 3 mm (P<.001; Table 2). 
 Figures 1 and 2 show the prevalence by erosion grades 
in primary and permanent teeth, respectively. As shown in 
Figure 1, when the individual teeth (N=8,138 teeth) were ana-
lyzed by their individual erosion grades, it was observed that 

the primary maxillary molars were 
signifi cantly more likely to have se-
vere erosion compared to mandibu-
lar molars (P<.001). On the other 
hand, in the permanent dentition, 
the maxillary lateral incisors were 
signifi cantly more likely to have 
moderate to severe erosion com-
pared to maxillary central incisors 
(P<.001; Figure 2). Also, mandibular 
permanent fi rst molars were more 
likely to have severe erosion com-
pared to maxillary permanent fi rst 
molars (P<.001; Figure 2).

Analysis of the association of ero-
sion with enamel  hypoplasia. To
 determine the association of enam-
el hypoplasia with erosion, the chil-
dren were grouped as having: (1) 
“enamel hypoplasia present”; or (2) 
“enamel hypoplasia absent” (Table 
2). As shown in Table 2, children with 
enamel hypoplasia were more likely 
to also have severe dental erosion in 
the permanent dentition (P<.001), 
but not in the primary dentition.
 To examine whether enamel hy-
poplasia and/or dental erosion were 
found on the same teeth, individual 
teeth were grouped as having “ero-
sion absent” or “erosion present” 
and as “enamel hypoplasia present” 
or “enamel hypoplasia absent,” re-
spectively. As shown in Table 3, for 
permanent teeth scored (N=4,291 
teeth), individual permanent teeth 
with erosion were more likely to also 
have enamel hypoplasia (P=.007). 
No signifi cant relationship, how-
ever, was observed in the primary 
teeth (Table 3).

Analysis of association of erosion with dental caries. To 
examine the eff ects of caries and dental erosion in the sub-
jects, the children were grouped as having “caries present” or 
“caries absent,” respectively. As shown in Table 2, children 
with caries present were more likely to also have severe den-
tal erosion in the primary dentition (P<.001) as well as in the 
permanent dentition (P=.002).
 When individual teeth were grouped into “caries pres-

Figure 1. Prevalence by erosion grades in primary teeth.

Figure 2. Prevalence by erosion grades in permanent teeth.
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ent” and “caries absent” (Table 4), 
the permanent teeth with caries 
present were signifi cantly more 
likely to also belong to the “ero-
sion” group (P=.001). On the other 
hand, there was no signifi cant 
relationship between the caries 
and erosion in individual primary 
teeth (NS).

Discussion
Loss of tooth structure is thought 
to result from the processes of 
erosion, attrition, or abrasion.24-26

Erosion is a chemical dissolution of 
the dental hard tissues by intrinsic 
and extrinsic acids while abrasion 
is the physical wear of teeth result-
ing from mechanical grinding, 
rubbing, scraping, or microcut-
ting by objects other than another 
tooth.24-26 On the other hand, attri-
tion usually describes the physical 
wear induced by tooth-to-tooth 
contact, with no foreign substance 
intervening.26 Although the pro-
cesses of erosion, abrasion, and 
attrition may be defi ned separate-
ly, however, loss of tooth structure 
in an individual is usually the re-
sult of a combination of all three 
processes. In most cases of severe 
tooth wear, erosion is thought to 
be the main contributory process, 
while attrition and abrasion are 
of lesser signifi cance.27,28 Erosion 
softens the enamel—which, in 
turn, renders a tooth surface more 
susceptible to wear by abrasive 
mechanical agents.27

 To the best of the authors’ 
knowledge, this study is the fi rst to 
investigate the prevalence of den-
tal erosion in Australian school-
children. The overall prevalence 
of 68% of dental erosion found 
in the present study is high com-
pared to previous studies of simi-
lar-aged children conducted in: 
 1. the United Kingdom, which
    reported a prevalence of 
               24% to 30%2; 

  Table 3.  ANALYSIS OF THE ASSOCIATION OF ENAMEL HYPOPLASIA WITH 
                    EROSION IN INDIVIDUAL TEETH

Erosion 
absent  No. (%)

Erosion
present  No. (%)

Total
No. (%) P  value*

Primary teeth

.77 

  Enamel hypoplasia 
  present 1,293  (36%) 2,291  (64%) 3,584 

  Enamel hypoplasia 
  absent 92  (35%) 171  (65%) 263 

  Total 1,385  (36%) 2,462 (64%) 3,847 

Permanent teeth

.007
(Chi-square

= 7.200, 
df=1)

  Enamel hypoplasia 
  present 3,240  (86%) 539  (14%) 3,779 

  Enamel hypoplasia 
  absent 416  (81%) 96  (19%) 512 

  Total 3,656  (85%) 635  (15%) 4,291 

All teeth

.029
(Chi-square

= 4.721, 
df=1)

  Enamel hypoplasia
  present 4,533  (62%) 2,830  (38%) 7,363 

  Enamel hypoplasia 
  absent 508  (66%) 267  (34%) 775 

  Total 5,041  (62%) 3,097  (38%) 8,138 

   Table 4.   ANALYSIS OF THE ASSOCIATION OF CARIES WITH EROSION IN 
                      INDIVIDUAL TEETH

Erosion absent
No. (%)

Erosion present
No. (%)

Total 
No. (%) P value*

Primary teeth

.70†
  Caries present 1,338 (54%) 1,124 (46%) 2,462 

  Caries absent 743  (54%) 642 
(46%) 1,385 

  Total 2,081 (54%) 1,766 (46%) 3,847 

Permanent teeth

.001
(Chi-square
= 32.509, 

df=1)

  Caries present 508  (80%) 127  (20%) 635 

  Caries absent 3,226  (88%) 430 
(12%)

3,656 

  Total 3,734  (87%) 557  (13%) 4,291 

All teeth
.001

(Chi-square
= 344.14, 

df=1)

  Caries present 1,846  (60%) 1,251 (40%) 3,097 

  Caries absent 3,969  (79%) 1,072 (21%) 5,041 

  Total 5,815 (71%) 2,323 (29%) 8,138 

*  Chi-square test used for analysis.

*  Chi-square test used for analysis.
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 2. Saudi Arabia, with a prevalence of 25% to 26%5,6; and 
 3. the United States, with a prevalence of 41%.7

 These varying prevalences among the diff erent popula-
tions could be related to diff erences in consumption of acidic 
beverages as well as the diff erent criteria used to defi ne ero-
sion lesions. In addition, the relative numbers of children in 
the various age groups studied can also infl uence the results, 
as prevalence rates increase with the children’s ages. For ex-
ample, a recent study on 3- to 5-year-old children reported a 
very low prevalence of only 0.9%,8 while studies on teenagers 
usually yield a higher prevalence of over 30%.7,8

 The high prevalence of dental erosion in the present 
study is associated with particular demographical and den-
tal risk factors. Children from the relatively lower socioeco-
nomic groups demonstrated a higher risk to dental erosion, 
suggesting higher consumption of acidic drinks in these 
groups.13 It is probable that lower educational levels and less 
awareness of the dangers of acidic drinks in the lower socio-
economic groups could account for their higher predispo-
sition to dental erosion.29 Other studies, however, have not 
shown similar correlation of socioeconomic status with den-
tal erosion.13,14

 The present study also demonstrated that erosion in 
the primary dentition is more severe compared to the per-
manent dentition. This increased risk of the primary teeth 
to erosion could have resulted from several factors. First, 
it is possible that the pattern of mineralization is diff erent 
in primary teeth, which may render the enamel more liable 
to dissolution by acids.11 Second, the enamel is less thick in 
primary teeth compared to permanent teeth, so that the ero-
sion process may reach dentin more rapidly in primary teeth. 
Third, with respect to ages of children studied in the pres-
ent investigation, the primary teeth have been in the mouth 
for a longer period of time, which could have led to greater 
amounts of tooth structure loss.
 Developmental defects of the enamel and dental caries 
were found to be strongly associated with dental erosion in 
the present study. Enamel defects may be expressed clini-
cally as opacities (hypomineralization) or as reduced or ab-
sent enamel (hypoplasia).30 The present results showed that 
enamel defects were also present in the same teeth with 
erosion, suggesting that abnormal enamel development 
may be a risk factor for dental erosion. The authors hypoth-
esize that the reduced or altered mineralization observed in 
enamel defects may lead to greater ease of dissolution by ac-
ids and secondary tooth structure loss through attrition and 
abrasion.
 On the other hand, the relationship between dental car-
ies and erosion observed in the present study may be more 
complex. As both diseases are caused by acids, it is likely that 
oral conditions favoring one disease also favor the other. In 
this regard, Linnett and Seow1 have reported that there are 

higher levels of the cariogenic bacteria mutans streptococci 
in children at risk of dental erosion from gastrointestinal 
refl ux. In addition, loss of protective factors such as saliva 
can place a child at risk to both diseases.31,32 Also, acidic soft 
drinks containing large amounts of sugar are likely to predis-
pose the patient to both erosion and dental caries.33

Conclusions
Based on the results of this study, which was limited to Austra-
lian schoolchildren, the following conclusions can be made: 
 1. Dental erosion is a common fi nding in the primary 
       dentition, with a frequency three times that of the 
               permanent dentition.
 2. Children of lower socioeconomic status groups are at 
               increased risk for dental erosion.
 3. Dental erosion is associated with enamel hypoplasia 
            in the primary dentition and with both enamel hypo-
              plasia and dental caries in permanent dentition. 
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