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Abstract

Background: To determine the prevalence of dental erosion and its association to commonly used beverages and
snacks among 3 to 5 year old preschool children in Riyadh, Saudi Arabia.

Methods: Three hundred eighty-eight preschool children between 3 and 5 years old were selected from 10 different
schools using a cluster random sample selection; there were 184 (47%) boys and 204 (53%) girls. The surfaces of each
tooth were examined for erosion, and the level of tooth wear was recorded. Data on the frequently used beverages
and snacks were obtained by questionnaires completed by the parents of the preschool children.

Results: Among the 388 children examined, 47% exhibited low erosion, 10% exhibited moderate erosion and 4%
exhibited severe erosion. There was no statistically significant difference between boys and girls in terms of the
prevalence of erosion. Sixty percent of the children regularly consumed juice drinks. Among daily consumers, 84% of
children showed erosion prevalence with strongly significant association (p < 0.005). Holding the drink in the mouth
also showed a significant association with erosion (p < 0.02).

Conclusion: It was concluded that an association was found between the prevalence of dental erosion and the
frequency of citrus and carbonated juice consumed by the preschool children in Saudi Arabia.
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Background

Dental erosion (DE) is an important cause of tooth dam-
age in children. DE is the loss of tooth structures such
as enamel and dentine by a chemical process that does
not involve bacteria. The extent of damage may range
from a barely noticeable loss of surface luster that is evi-
dent on clean, dry enamel to the partial or the complete
exposure of dentine with the appearance of a character-
istic yellow color observable through the thin overlying
enamel [1]. Dental erosion is caused by a chemical
process (acids) without bacterial involvement, whereas
attrition and abrasion are mechanical processes. The
acids responsible for dental erosion can be of intrinsic or
extrinsic origin [2]. Dental erosion may progress rapidly
in the primary teeth compared to the permanent teeth
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due to the thinner enamel layer in primary teeth [3, 4].
Dental erosion may lead to dental hypersensitivity, al-
tered occlusion, eating difficulties, poor esthetics, pulp
exposure and dental abscesses [5].

The prevalence of dental erosion is higher in older
children and is easier to detect [6]. The UK National
Diet and Nutrition Survey reported that up to 10% of
one and a half year old children showed signs of dental
erosion on the labial surfaces of their primary teeth [7].
A study of 5-year-old children in the UK revealed a
dental erosion prevalence of 53% [8]. According to the
England, Wales, and Northern Ireland Children’s Dental
Health Survey (2013), the prevalence of dental erosion
reaching dentine on the surface of primary teeth was
17%; 58% of 5-year-old children presented with dental
erosion reaching the enamel or dentine [9]. Additionally,
studies have reported a wide range of prevalence of den-
tal erosion (0.5% to 80%) in different countries in the
world [5, 10-13].

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-017-0307-9&domain=pdf
mailto:drsanil@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Al-Dlaigan et al. Nutrition Journal (2017) 16:80

Earlier studies have shown that boys exhibited more
erosive lesions of the teeth than girls [14—17]. In Saudi
Arabia, only a few studies have been carried out on the
prevalence of dental erosion in primary teeth. Al-Majed
et al. [18] studied both primary and permanent teeth in
Riyadh and reported a dental erosion prevalence of 34%
in 5 to 6 year old children and 26% in 12- to 14-year-old
children. Another study conducted in Jeddah preschool
children showed a similar dental erosion prevalence of
31% in primary incisors [19].

The consumption of acidic fruits, fruit juices, and car-
bonated drinks is directly correlated to dental erosion in
children and adolescents [3, 5, 18]. Nayak et al. [20]
found that frequent consumption of beverages signifi-
cantly correlated with dental erosion, with a higher
prevalence of dental erosion occurring in 5-year-old
children who consumed the beverages daily. The most
frequently consumed fruit juices and soft drinks com-
monly contain potentially damaging acids such as fruit
acids and phosphoric acid [21].

The timing of the consumption of acidic beverages
plays a critical role in the occurrence of dental erosion.
Using a feeding bottle at night is highly associated with
dental erosion [3, 18]. The reduction of saliva during
bed time diminishes oral clearance. Therefore, an acidic
diet will cause more destruction to tooth structure at
night [22]. There is a general lack of awareness about
dental erosion compared to other dental disorders. It is
therefore important to assess the prevalence of dental
erosion in preschool children, especially keeping in mind
that erosion in primary teeth is a strong predictor of
dental erosion in permanent teeth [23].

Prevalence studies on dental erosion in children must
take into account the types of beverages, the frequency
of beverage consumption, and the associations between
the two. In Saudi Arabia, the consumption of soft drinks
is high among children [24, 25]. There is a scarcity of lit-
erature on the prevalence of erosion and the etiologic
factors leading to erosion. Therefore, the objective of
this study was to determine the prevalence of dental ero-
sion and investigate the dietary intake patterns of 3- to
5-year-old preschool children in Riyadh, Saudi Arabia,
and to determine the relationship, if any, between dental
erosion and dietary intake in these children.

Methods

The questionnaire included general information on the
child’s age and gender as well as dietary habits: food
types (fruit, candy, sandwiches, donuts, ice cream, cake)
and consumption of various drinks (citrus juice, mixed
fruit juice, fresh fruit juice, flavored milk, plain milk).
The clinical examination was carried out at the chil-
dren’s schools (after receiving consent from the parents)
using disposable mouth mirrors, explorers, gauze and
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tweezers, gloves, masks, protective eye glasses, gowns, a
reclining chair and a portable light. The study was con-
ducted in Riyadh Saudi Arabia, during August 2015 to
February 2016.Each tooth surface was examined for den-
tal erosion utilizing index criteria similar to criteria used
in UK National Survey of Child Dental Health by
O’Brien (1994) [26] (Table 1). The tooth surfaces (i.e.,
buccal/labial, palatal/lingual and incisal/occlusal), were
examined for the loss of enamel surface characteristics
and/or the exposure of dentin or pulp. Mesial and distal
surfaces were excluded from the examination due to the
close contact area especially between posterior teeth.

The children were classified into one of two groups
based on tooth surface scores [14]. In cases of doubt, the
lower score was assigned on the chart: Any child with a
score of 0 was placed in the no erosion group; any child
with a score of 1 on at least one tooth surface was
placed in the low erosion group; any child with a score
of 2 on at least one tooth surface was placed in the mod-
erate erosion group; and any child with a score of 3 on
at least one tooth surface was placed in the severe ero-
sion group.

Another classification system for all of the children
was based on their individual dental erosion status:

e Any child with no erosion on any tooth surface was
placed in the “Group without Erosion,” and

e Any child with erosion on at least one surface or
more than one surface was placed in the “Group
with Erosion”.

The calibration studies were performed to assess intra-
and inter-examiner reproducibility. The intra-examiner re-
producibility assessed on a group of 10 children between 3
and 5 years of age yielded a weighted Kappa static value
(0.95). The inter-examiner reproducibility study involved a
different group of 20 children of a similar age; this showed
a (0.80) weighted Kappa static value. These values in-
dicated a high level of agreement in the assessment
of dental erosion.

Of the 398 kindergarten schools with a total of 23,300
children, the required sample size to specify the prob-
ability of achieving statistical significance with margin of
error at 5% level (confidence level of 95%) was

Table 1 Dental erosion index criteria [26]

Code 0 Normal

Code 1 Enamel only — loss of enamel surface gives characteristic of
a smooth, glossy appearance with shallow chipped enamel.

Code 2 Enamel and dentin — loss of enamel, exposing dentin

Code 3 Enamel, dentin and pulp - extensive loss of enamel and
dentin with pulpal exposure.

Code 9  Assessment cannot be made — when the tooth is either

missing or has a large restoration depend on a score measure.
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calculated. The power analysis indicated that a sample of
378 children would be required for this study. This study
utilized stratified random sampling to achieve an accept-
able estimation of dental erosion prevalence in each
stratum, with minimal sample random error. A total of
388 children were recruited for the clinical examina-
tions. The participants included 184 (47%) boys and 204
(53%) girls aged three to five years, randomly selected
from ten different kindergartens, two public and eight
private schools because 80% of the preschool children in
Riyadh attend private kindergartens. These ten kinder-
gartens were randomly selected from various areas of
the city of Riyadh (two kindergartens each from Central,
Northern, Western, Southern and Eastern Regions). All
data were analyzed using the Statistical Program for So-
cial Sciences (SPSS - Version 20). Descriptive statistics
methods were used to analyze the prevalence of dental
erosion in addition to other variables related to dental
erosion. The Chi-square test and Z-test were also uti-
lized to analyze various independent factors related to
age, gender and dietary intake.

Results

Among the 388 children examined, 235 (61%) had ero-
sion on at least one tooth surface. Low erosion confined
only to enamel was observed in 182 (47%) children, and
37 (10%) children were diagnosed with moderate ero-
sion. Pulp exposure due to severe erosion was seen in
only 16 (4%) children (Table 2). Dental erosion was de-
tected in 31.5% of all tooth surfaces. There was a com-
parable prevalence of dental erosion in boys and girls.
Dental erosion significantly increased with the increasing
age of children. Six percent of the 3-year-old children
had dental erosion, followed by 30% and 64% of the 4
and 5-year-old children, respectively (p <0.001). The
most commonly affected teeth were maxillary teeth. The
pronounced dental erosion (moderate and severe) ap-
peared more often in the upper anterior teeth than in
the posterior teeth. Data from the questionnaire revealed
a higher level of mixed fruit drink consumption in 64%
of the children with dental erosion compared to 36% of
the children without dental erosion. The frequent con-
sumption of citrus juice was associated with a high risk

Table 2 The prevalence of different levels of dental erosion in
388 preschool children

Level of erosion Boys Girls Total
Number 9%  Number %  Number %
No erosion (Code0) 69 38 84 41 153 39
Low erosion (CodeT) 85 46 97 48 182 47
Moderate erosion (Code2) 21 11 16 8 37 10
Severe erosion (Code 3) 9 5 7 3 16 4
Total 184 100 204 100 388 010
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of erosion in 71% of the children. There was a statisti-
cally significant relationship between the consumption
of citrus and fresh fruit juice and dental erosion (p < 0.04
and p <0.02 respectively). The most consumed type of
milk in this study was flavored milk; 220 children drank
flavored milk, and 61% of those children exhibited tooth
erosion, but this association was not statistically signifi-
cant (p <0.71) (Table 3). Erosion prevalence was signifi-
cantly correlated to the daily consumption of juice
drinks (p < 0.005). The daily consumption of juice drinks
was reported in 84% of children with dental erosion.
The proportion of children with erosion decreased to
77% and 65%, with a reduced frequency of consumption
(1-6/week) and (1/week), respectively (Table 4). Regard-
ing the type of snacks preferred by children, there was a
significant difference in the intake of fruit between the
groups with and without erosion (p<0.01). Table 3
shows an association between dental erosion and type of
beverages and snacks. Table 3 shows that the majority of
erosion-free children did not consume a large volume of
juice and showed a decrease in the frequency of con-
sumption. Drinking without a straw was associated with
erosion in 61% of children compared to children who
used feeder cups (51% of the children had erosion) or a
straw (53% of children had erosion). Direct swallowing
of beverages was associated with the lowest prevalence
of erosion (56% of children. Holding the drink for either
a short or long time in the mouth increased the preva-
lence of erosion. This habit was significantly associated
with erosion prevalence (p < 0.02). Table 4 presents the
dental erosion and dietary habits.

Discussion

There are limited data regarding the prevalence of dental
erosion in preschool children in the Middle East. A wide
range of dental erosion prevalence in primary dentition
has been reported in different countries around the
world [5, 10, 13, 27]. The high prevalence of dental ero-
sion among three to five year old children reported in
our study was similar to previous findings reported by
Murakami et al. [28]. Both studies used the same scoring
index of O’Brian, but our results showed a slightly
higher erosion prevalence. This discrepancy might be
due to the different environment and the higher con-
sumption of erosive drinks by children in the present
study group. Al-Majed et al. [18] conducted a similar
study on primary dentition for five to six year old chil-
dren in Riyadh and reported that pronounced dental
erosion (with dentine and pulp involvement) was seen in
34% of their sample. Most of the children (47%) with
dental erosion in the present study presented with mild
cases of erosion that were confined only to the enamel;
in contrast, moderate and severe erosion was seen in less
than 14% of the children.
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Table 3 The type and rate of drink and snack consumption by children with and without erosion

Total number

Children with erosion

Children without erosion Chi-square test:

of children Number % Number % P value
Type of consumed drink
Citrus juice (lemon / orange) 72 51 71 21 29 p <004
Carbonated bottled fruit juice 166 106 64 60 36 p <025
Fresh fruit juice 161 87 54 74 46 p <002
Flavored milk 220 135 61 85 39 p<0.71
Plain milk 122 71 58 51 42 p <051
Type of preferred snack
Fruit (orange, banana, apple) 164 88 60 76 40 p <001
Candy 113 73 65 40 35 p <029
Sandwich 117 68 58 49 42 p <051
Donuts 85 59 69 26 31 p <006
Ice cream 141 85 60 56 40 p<093
Cake 136 79 58 57 42 p <046

The dental erosion prevalence increases significantly
with increasing age [19]. In the present study, the preva-
lence of dental erosion was 6% in three year olds, 30% in
four year olds, and 64% in five-year-old children. This
was consistent with another study reporting that dental
erosion prevalence increased with increasing age [19].
Regarding dental erosion in relation to gender, no statis-
tically significant difference in the prevalence of dental
erosion amongst boys and girls was detected. Epidemio-
logical data in previous studies showed that boys were
more prone to dental erosion [14-17]. The maxillary

teeth were more affected by dental erosion than the
mandibular teeth in primary dentition which is in agree-
ment with previous studies [18, 22]. The position and
cleaning action of the tongue may have a protective role
against acidic attack, which may lead to a decrease in
the risk of dental erosion to the lower teeth [29].

Citrus juices were associated with a high erosion preva-
lence among the children in our study. This observation is
in agreement with earlier reports [30, 31]. Many published
studies have shown a direct association between the con-
sumption of carbonated drinks and dental erosion in

Table 4 Drinking frequency and swallowing habits of children with and without erosion

Way of drinking Total number

Children with Erosion

Children without Erosion Chi-square test:

of children Number % Number % P value

Feeder cup 64 33 51 31 49 p<0.10
Cup with straw 32 17 53 15 47 p <036
Cup without straw 150 92 61 58 39 p <080
All 151 100 66 51 34 p <006
Way of swallowing

Directly swallow 251 140 56 111 44 p <0.00

Hold then swallow 137 93 68 44 32 p <002
Frequency of juice drink consumption

No consumption 156 70 45 86 55 p <0.00

One per week consumption 166 109 65 57 35 p<0.07

More than one (two to six per week) consumption 35 27 77 8 23 p <003

Daily consumption 31 26 84 5 16 p < 0.005
Frequency of snack consumption

None, in between snack 41 17 41 24 59 p <0.00

Consumption 1-3 times 331 207 62 124 38 p <0.05

Consumption, more than 3 times 16 Il 69 5 31 p <046
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children and adolescents [32]. Because these carbonated
drinks have a high acid content, the frequent consumption
of carbonated drinks can be considered a risk factor for
dental erosion [33]. An association between dental erosion
and the daily consumption of juice drinks was observed in
the present study. The prevalence of dental erosion de-
creased with the reduced frequency of consumption. The
consumption of flavored and plain milk didn’t show any
correlation with dental erosion in this study. Milk is non-
cariogenic, as the sugar present is lactose which is the
least cariogenic of all mono- and disaccharides [34]. Milk
also contains factors such as calcium phosphate and ca-
sein that protect against demineralization of enamel [35].

An increased contact time between acidic beverages
and teeth leads to a pronounced drop in pH. Some stud-
ies recommend drinking acidic beverages with a straw
by putting it towards the back of the oral cavity to pre-
vent dental erosion [36, 37]. In the present study, little
reduction in erosion prevalence among children drinking
with a feeder cup or with a straw was observed, which is
supported by previous studies [36, 37]. The 2004 study
by Johansson et al., [38] showed that dental erosion was
associated with drinking methods. Holding the drink
longer in the mouth leads to a more pronounced pH
drop, resulting in dental erosion. There was also a sig-
nificant association observed between dental erosion and
the way in which children swallowed drinks.

The effect of snacks such as fruit, candy, sandwich, do-
nuts, ice cream and cakes consumed by children on den-
tal erosion was also evaluated. There was no significant
impact of any type of snack on dental erosion, except for
fruit. A cross sectional study on dental erosion and its
association with diet in 12-year-old Libyan schoolchil-
dren showed that the frequency of consumption of fruit-
based drinks and length of time taken to consume acidic
drinks were the primary statistically significant positive
risk factors for dental erosion [33]. One of the limitation
of the study is that the commonly consumed beverages
and snacks by the children in Saudi Arabia were in-
cluded in this study.

Conclusions

Based on this study it can be concluded that the con-
sumption of citrus juices, fruit juices and carbonated
beverages showed an association to the prevalence of
dental erosion in preschool children in Saudi Arabia.
Measures such as health education programme targeting
teachers, parents and school children may be undertaken
to control the dental erosion among children.
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