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Abstract

Objectives:To investigate the relationship between dental erosion, oral pH and drinking habit in a group of adolescents.

Methods:Oral pH was measured simultaneously at the surface of four teeth in 11 patients, aged 10-16 years, with erosion and in 10
controls subjects without erosion using antimony electrodes. Measurements were made before, during and after drinking 330 ml of a
carbonated drink. The method and timing of drinking the beverage, reported dietary intake of acidic foods and flow rate and buffering
capacity of saliva were recorded.

ResultsThe erosion patients reported drinking more carbonated d¢mks0.01) and drinking directly from a can more frequently than
the controlgp < 0.05). They also drank twice as quickip < 0.05). The pH at the buccal surface of a molar remained lower for longer in the
erosion patients than in the patients without erogr: 0.01), whilst the labial surface of the upper central incisor had a longer exposure to
low pH in the controls subject® < 0.05).

Conclusion:The pattern of oral pH differed between subjects with and without erosion after drinking an acidic beverage. This may be
related to observed differences in drinking habit, which could have influenced the pattern of erosion in these Sub{isElsevier
Science Ltd. All rights reserved.
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1. Introduction 2. Method and materials

The UK national child dental health survey suggested that  All subjects were medically fit and healthy, aged between
dental erosion is common in young adolescents and 10 and 16 years, had a good standard of oral hygiene and a
assumed that it was caused predominantly by acidic drinksminimum of 20 permanent, caries free teeth. They were
[1]. The role of dietary acids in dental erosion is acknowl- attending a community dental clinic and gave informed
edged, but the aetiology in individuals and in groups of consent to participation in the investigation, which had ethi-
patients is often not clear [2,3]. The quantity and quality cal approval. The Smith and Knight Index [9] was used to
of the saliva may also be important, perhaps together with assess the level of wear in all patients. Subjects with dentine
variations in the solubility of enamel at different sites in the exposure were allocated to the erosion group and those
mouth and between patients [4—6]. Small antimony pH elec- without dentine exposure comprised the controls.
trodes normally used for measurement of oesophageal reflux The dietary questionnaire was conducted with standard
have been reported to measure oral pH [4,7,8]. The aim of questions asked in a set order. The beverage intake was
this study was to compare pH at four sites in the mouth recorded as the number of cans per week for carbonated
during and after drinking a carbonated cola drink in adoles- drinks and number of glasses per week for fruit juices [3].
cents with and without erosion. A further aim was to This was previously shown to be the most convenient
compare the reported drinking habit, dietary acid intake method for estimating the intake in adolescents [3].
together with the buffering capacity and flow rate of saliva  Saliva was collected after 15 min rest at least one hour
of the two groups. after food or drink. The salivary flow and buffering capacity

were measured using the technique previously described by
* Corresponding author. Tel.#+ 44-171-955-4937; fax:+ 44-171-955- the authors [3,10]. Antlmony pH electrodes, commonly
4935, used by gastroenterologists to measure oesophageal pH,
E-mail addressdavid.bartlett@kcl.ac.uk (D.W. Bartlett). were positioned flush with the tooth surface by a close
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Table 1
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Median (interquartile range) of frequency of intake of acidic foods and drinks (items per week) reported by erosion and control groups

Erosion groupN = 11 Control groupN = 10 p Value
Carbonated drinks 14 (14-21) 5@1-7) 0.003
Fruit 4 (2-10) 14 (4-21) 0.063
Fruit juice 1(0-7) 3(0-7) 0.942
Orange cordial or squash 3(2-4) 0.5 (0-5) 0.246
Sport drink 1(0-2) 0 (0-0) 0.028
Acidic crisps 1(0-10) 0 (0-0) 0.036
Table 2 control group 3 males and 7 females (11.5years, 11—

Median (interquartile range) unstimulated and stimulated salivary flow rate
(minutes) and buffering power (final pH) in erosion and control groups

Erosion group Control group p Value®

Unstimulated saliva flow rate3.6 (2.7-5.4) 3.3 (2.9-5.5) 0.916
(ml/min)

Stimulated saliva flow rate 2.1 (1.1-2.7) 2.25(1.8-2.5) 0.501
(ml/min)

Buffering capacity of 45 (4.0-5.0) 5.0(4.5-5.0) 0.273
unstimulated saliva (ml/min)

Buffering capacity of 5.0 (5.0-6.5) 5.5 (5.0-6.3) 0.914

stimulated saliva (ml/min)

& Mann—-WhitneyU-test.

fitting, custom made, vacuum formed appliance. Subjects
were given 20 min at the start of the study to accommodate
to the plastic appliance. They then drank a carbonated
beverage (pH 2.45 and titratable acidity of 0.29 ml with
0.05 M NaOH) in their normal manner (either from a can
or a glass) and then relaxed for a further 10 min. The pH at

the pH fell below 5.5 and 4 during these periods, using
previously reported methods [8]. The data were not
normally distributed and non-parametric statistical tests
were used.

3. Results

The erosion group comprised 8 males and 3 females
(median age 13years, interquartile range 12-14) and

Table 3
Median (interquartile range) of percentage time that pH fell below 5.5 and

14.5). Table 1 shows that the consumption of carbonated
drinks, sports drinks and acidic crisps was higher in the
erosion patients(p < 0.05). Drinking from a can was
more common in the erosion group with 10 subjects using
this technique whilst, in the control group 4 used a can and 6
used a glass (Fisher's exact tgst< 0.05). Table 2 shows
the median (interquartile ranges) for salivary flow rates and
the salivary buffering capacity (final pH) of the unstimulated
and stimulated saliva. No statistically significant differences
were observed between the groups. The erosion patients
took a median 4 min (interquartile range4—7) to finish
their drink and the controls took 8 min (6—11.3) and this
difference reached statistical significaripe< 0.05). Table

3 shows the median and interquartile range for the percen-
tage time that the pH fell below 5.5 and 4. The pH fell below
5.5 and 4 for a greater proportion of the time on the buccal
surface of the upper molar in the erosion patients than the
controls (p < 0.05). The reverse was true on the labial
surface of the central incisor with the pH staying low for
longer in the control subjectgp < 0.05). There were no

tstatistically significant differences between the pH on the

palatal surface of the upper molar or incisor.

4. Discussion

This preliminary study suggests that the speed and
manner in which a carbonated beverage is consumed may
be related to different distributions of acid in the mouth. The
findings complement previously published work, which
indicated difference in the distribution of fluid during

4 at tooth surfaces in erosion and control groups

Tooth surface

Percentage time below pH 5.5

Percentage time below pH 4

Buccal surface of upper right first molar
Labial surface of upper right incisor
Palatal surface of upper left first molar
Palatal surface of upper left incisor

Buccal surface of upper right first molar
Labial surface of upper right incisor
Palatal surface of upper left first molar
Palatal surface of upper left incisor

Erosion group Control group p Value®
7.0 (4.2-19.7) 1.4 (0.4-5.6) 0.010
33.6 (26.7-52.4) 46.1 (38.3-80.6) 0.035
25.3 (16.1-41.4) 20.1 (4.1-35.8) 0.526
20.6 (14.1-28.6) 23.0 (10.6-26.1) 0.573
3.0 (3.0-4.3) 0.0 (0.0-0.0) 0.002
20.3 (17.7-28.1) 34.4 (27.8-42.2) 0.024
12.1 (5.9-17.0) 7.0 (5.5-17.5) 0.102
15.9 (10.3-21.7) 13.5 (4.8-25.0) 0.970

2 Mann—WhitneyU-test.
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drinking with or without a straw [11]. Although the number and speed of drinking was significantly different between
of subjects limits this study, the results provide sufficient the two groups. These factors may have influenced the level
evidence to warrant further investigation of the relationship and pattern of erosion in these subjects. The results suggest
between consumption of carbonated drinks and the role ofthat, in future, health promotion may need to be directed
drinking habits in erosion. towards modifying drinking habit as well as frequency of
Continuous measurement of pH indicated that an acid intake of acidic drinks to prevent erosion.
beverage was quickly buffered in the mouth of all subjects
within minutes, and returned to salivary levels rapidly once
the drink was finished, in agreement with the findings of
Millward et al. [7]. Despite this, the patients with erosion
demonstrated a longer period of time at low pH on the ., ygien v children's dental health in the United Kingdom, 1993.
buccal surface of a molar following drinking of a carbonated London: OPCS, 1993:p. 1.
drink, whilst the controls showed longer exposure to low pH  [2] Millward A, Shaw L, Smith AJ, Rippin JW, Harrington E. The distri-
on the labial surfaces of the upper incisor. These results may bution and severity of tooth wear and the relationship between erosion
reflect the differences observed between the groups in a?‘; dizt_a;y_ C%”S“t‘,”tenti;g 2w ‘;f children. International Journal
. - OT Paediatric Dentistr 4L —/.
.methOd and speed of drlnklng the carbqnat_ed beverage. It [3] Bartlett DW, Coward )I/DY, Nikkah C, Wilson RF. The prevalence of
1S pmbable that pH at the labial surface is directly affected tooth wear in a cluster sample of adolescent schoolchildren and its
by the time taken to consume the beverage, whilst longer relationship with potential explanatory factors. British Dental Journal
periods of low pH on buccal surfaces of the posterior region 1998;184:125-9.
may indicate that erosion patients retain the drink in the [4] Gudmundsson K, Kristleifsson G, Theodors A, Holbrook WP. Tooth
mouth for longer periods. Combined with their reported erosion, gastroesophageal reflux, and salivary buffer capacity. Oral

higher consumption of acidic drinks. this ma lace them Surgery, Oral Medicine, Oral Pathology 1995;79:185-9.
'9 umpt ai ! » Nl yp [5] Milosevic A, Dawson LJ. Salivary factors in vomiting bulimics with
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