
Abstract The aim of this study was to analyse the ero-
sive effect of acidic lozenges and to compare it with that
of orange juice, known to have the capacity to cause ero-
sion. Two acidic, sugar-free lozenges and orange juice were
tested in situ in nine patients. Changes in surface Knoop
microhardness and change in the surface texture were 
assessed. The results revealed that orange juice and one
acidic lozenge were – under the conditions of this experi-
ment – capable of significantly softening abraded enamel
(P≤0.017). It was concluded that excessive consumption
of acidic lozenges could have the potential to enhance 
existing dental erosion.
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Introduction

Dental erosion is the dissolution of dental hard tissue due
to a chemical process without bacterial involvement [3].
Erosion does not appear to be a great public health prob-
lem in general, although there is concern about the increas-
ing prevalence of this dental hard tissue defect [9]. The in-
crease in prevalence could be due to changing patterns in
dietary and oral habits. However, recent epidemiological
studies on dental erosion are scarce. Järvinen et al. [7]
found a prevalence of 5% in a group of about 100 dental
patients. In our own investigation of 391 randomly selected
subjects, it was found that 7.7% of the younger age group
(26–30 years) and 13.2% of the older age group (46–50

years) showed at least one tooth affected with facial ero-
sion with involvement of dentin. Overall, 16% of the par-
ticipants had at least one tooth with signs of facial erosion;
occlusally, at least one severe erosion with involvement of
dentin was observed in 29.9% of the younger and 42.6%
of the older sample, whereas only 2% of the older and none
of younger subjects showed severe lingual erosions [10].
Both of these studies showed that consuming acidic fruits
and acidic juices or drinks were the most important exter-
nal risk factors for developing dental erosion.

The consumption of acidic, sugar-free (“safe for teeth”)
lozenges which contain citric or lactic acid is quite com-
mon in Europe. Meurman and Frank [14] found citric acid
to be more erosive than phosphoric acid for a demineral-
ization period of 15 min, and so acidic candies or lozenges
might have erosive potential in dental hard tissue when
other circumstances such as low buffering capacity and low
flow rate of saliva are present [2, 8, 16].

The purpose of the present study was to analyse the ero-
sive effect of acidic, sugar-free candies and lozenges on
abraded dentin and enamel in situ and to compare it with
that of orange juice, known to have the capacity to cause
such erosion in humans.

Materials and methods

Preparation of specimens

Healthy human teeth extracted as a part of orthodontic treatment were
taken from a sample pool to prepare dentin and enamel slabs. After
brushing the teeth with distilled water, the buccal side of the tooth
was ground flat with a wet silicon carbide paper disk (30 µm) under
water cooling on a rotating polishing machine (Knuth-Rotor, Struers,
Copenhagen, Denmark). From this flat buccal area of the tooth, a
piece of enamel was cut out, also under water cooling, with a dia-
mond disk (Horico Superdiaflex, Berlin, Germany). This piece was
then cut into small slabs. The dentin slabs were prepared in the same
way except that instead of using the buccal surfaces, the interradic-
ular faces of the root were taken. The slabs were embedded in a pla-
noparallel resin mould (Paladur, Bad Homburg, Germany) and then
serially polished on a Knuth Rotor polishing machine (Struers, Co-
penhagen, Denmark) with silicon carbide paper discs of 18-µm and
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6-µm grain. Before polishing with 3-µm and 1-µm diamond abrasive
on Buehler polishing cloth, the embedded enamel blocks were tak-
en out of the planoparallel mould. The inner diameter of a mould was
4 mm. Between two polishing steps and after the final polishing, all
slabs were rinsed and sonicated for at least 2 min in distilled water.
The preparation removed 500±200 µm enamel. To prepare dentin
slabs root cement was ground away to expose the dentin. Up until
the test day, the slabs were stored at 100% humidity.

Knoop microhardness of the surface

The embedded enamel blocks were fixed on a glass slide with dou-
ble-sided (non-resilient) adhesive tape. Surface microhardness
(SMH) measurements were performed with a Knoop diamond under
a load of 50 g for enamel and 15 g for dentin on a Leitz hardness test-
er (Miniload 2, Leitz, Wetzlar, Germany). These loads have been
shown to be appropriate in measuring initial mineral change in ena-
mel and dentin [5]. The distance between the indentations (five per
slab) was 25 µm for enamel and 40 µm for dentin in order to avoid
cracks. The lengths of the indentations were measured with the in-
tegrated optical system and transferred to a computer and the Knoop
SMH calculated. Knoop microhardness was measured in enamel im-
mediately after each experiment was concluded. Due to relaxation,
SMH in dentin is time dependent, and therefore the length of the in-
dentations in dentin slabs were measured 24 h after finishing the ex-
periment [6]. Before every experiment the apparatus was calibrated
according to the manufacturer’s instructions.

Study design

Eight healthy subjects (mean age 24.8±11.4 years) with normal sal-
ivary flow rate and buffering capacity and one subject with decreased
flow rate due to radiotherapy in the pharynx area (subject no. 9, age
49 years) volunteered for the study. None wore appliances or den-
tures and all but one (subject no. 9) were in good health. The sub-
jects were not paid for their participation and informed consent was
obtained after the procedure and the possible risks and benefits were
explained. Removable acrylic appliances for each patient were pre-
pared from plaster models of both arches.

Because there is no relaxation in enamel [6], enamel microhard-
ness was measured longitudinally. In order to decrease variability,
the dentin control slabs were taken adjacent to the test slabs and kept
under humid conditions during the experiment. With enamel, it was
possible to assess changes in microhardness on the same slabs. Four
enamel slabs and four dentin slabs per subject and test solution were
attached to the appliances in a cross-over design in the region of the
premolars.

The patients put the appliances over their teeth and sucked one
lozenge or drank 3 dl of orange juice (Table 1). No definite time lim-
itation was given, but the experiment was not allowed to continue for
more than 20 min. The subjects were requested to suck or to swallow
as usual. One test per panelist and per day was undertaken; the other

tests were made on different days but always approximately 2 h after
a meal. After finishing the experiment the appliances were taken off.
The slabs were thoroughly rinsed under running water and dried and
the enamel SMH measurements immediately carried out. The test and
control indentations in dentin were measured 24 h later. As enamel
was tested longitudinally, only the dentin slabs were further processed
for examination with the scanning electron microscope.

Flow rate, pH and buffering capacity of stimulated saliva (Dento-
buff, Vivadent, Schaan, Liechtenstein) were measured on different
days but, again, 2 h after the last meal. Stimulated flow rate for the
eight healthy subjects varied from 1.0 to 4.0 ml/min (mean=2.2 ml/
min) and pH ranged between 7.2 and 8.1 (mean=7.7). The buffering
capacity was high for six subjects and medium or low for two sub-
jects. The patient with hyposalivation (stimulated saliva flow
rate=0.4 ml/min) due to radiotherapy had a pH of 6.3 and a low buf-
fering capacity of the saliva.

Change in micromorphology

The coded dentin slabs were scored independently by two investiga-
tors. Differences in scoring were discussed until a consensus was
reached. To do so, the specimens were dried with increasing acetone
concentrations, mounted on specimen stubs, sputter coated (Sputter
SCD 050, Balzers, Liechtenstein) and examined with a scanning elec-
tron microscope (Cambridge, Stereoscan 200):

Score 0: No erosion (Fig. 1a).
Score 1: Surface texture is partially attacked and tubules begin to
open (Fig. 1b).
Score 2: Surface texture is more severely attacked and tubules are
more open and more numerous (Fig. 1c).
Score 3: Surface texture is clearly attacked and tubules are large and
numerous (Fig. 1d).

Statistics

Mann Whitney-U-test was used to compare independent values be-
fore and after the experiment, and the Wilcoxon test was used for
paired data values. Tables were analysed using the chi-square test.
Statistical significance was set at P≤0.05.

Results

Knoop SMH

Significant softening of enamel was found with orange
juice (P=0.001) with a mean difference in SMH of 18.4
and for the sugar-free, acidic lozenge “Happy Citron”
(P=0.017) with a mean difference of 15.0 SMH (Table 2).
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Table 1 Test product, manufacturers, pH-values and amount of base
necessary to raise the pH to 5.5 of acid lozenges (20 w %, 50 ml) and
orange juice (pure, 50 ml)

Product Weight Manufacturer pH- ml NaOH
per piece value [1N] to 

pH 5.5

Lemocin Citron 1.3 g Sandoz-Wander AG, 2.45 5.1 ml
3000 Bern, 
Switzerland

Happy Citron 4.8 g Disch AG, 2.50 1.8 ml
5504 Othmarsingen, 
Switzerland

Orange juice – Migros, Switzerland 3.52 2.3 ml

Table 2 Mean change of Knoop microhardness of the surface (SMH)
of enamel and dentin after exposure to test substances in situ

n ∆ SMH P-value

Enamel
Lemocin Citron 24 –7.9 Not significant
Happy Citron 29 –15.0 P<0.05
Orange juice 29 –18.4 P≤0.001

Dentin
Lemocin Citron 24 1.4 Not significant
Happy Citron 29 1.7 Not significant
Orange juice 27 3.7 Not significant

Knoop SMH for sound enamel and sound dentin are approximately
320 and 60, respectively



No significant differences in SMH were found on den-
tin.

In the one subject with hyposalivation due to radio-
therapy, the changes for enamel were slightly greater 
than in the subjects with normal saliva values: 21.3 SMH
for orange juice (compared to 18.4 SMH with normal sa-
liva values) and 20.2 SMH for “Happy Citron” (normal:
15.0 SMH). The decrease in dentin, however, was more
marked, with 5.6 SMH for orange juice and 7.3 SMH for
“Happy Citron”.

Change in micromorphology

The scanning electron microscope scores are shown in
Fig. 2. Only orange juice changed the surface texture of
dentin significantly (P<0.01).

Discussion

This study showed that the acidic candy “Happy Citron”
has the capacity to significantly soften an abraded enamel
surface, although the effect of orange juice was more pro-
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Fig. 1 Scoring of dentin: a score 0: no erosion; b score 1: surface
texture is partially attacked and tubules begin to open; c score 2: sur-
face texture is more severely attacked and tubules are more open and
more numerous; d score 3: surface texture is clearly attacked and tu-
bules are large and numerous

Fig. 2 Scanning electron microscope scoring on dentin surface.
Control (con), test slabs (exp) and P values are given



nounced. This influence could be assessed both by meas-
uring surface hardness and by changes in the surface tex-
ture. Lemocin Citron, the most erosive substance in prelim-
inary in vitro experiments [11], did not cause in vivo de-
mineralization. This could be due to the different mass of
these two lozenges (Table 1), which did not influence the
in vitro tests in which similar concentrations (20 weight %)
were used in all experiments.

To test initial demineralization, characterized by sur-
face softening, SMH is an appropriate and sensitive tech-
nique, provided that the lesions are less than 50 µm deep
at any time during the study [4]. This was the case in the
present study as well as in other experiments [12]. The sur-
face texture measurements in general confirmed the SMH
measurements, although the technique did not seem to be
as sensitive as Knoop hardness measurements.

In vivo, lozenges appear to be less effective in stimu-
lating saliva than chewing gum [1]. As lozenges – in con-
trast to chewing gums – are not chewed and do not cause
as much mechanical stimulation as chewing does, they
probably are more detrimental to dental hard tissues than
chewing gums with the same composition.

Saliva with its buffering capacity is a important host de-
fence factor for erosion of the teeth, and it has been shown
in vitro that salivary pellicle developed over a week pro-
tects the underlying tooth enamel from gross erosion [13].
There is evidence that a reduced, unstimulated salivary se-
cretion is an additional risk factor for developing dental
erosion as the buffering, dilution and rinsing of acids is
also reduced [7, 15]. A reduced salivary secretion rate and
buffering capacity was most probably the reason why the
subject with hyposalivation showed a marked decrease in
SMH after consuming the acidic candy “Happy Citron”.
This is in agreement with results of other investigators who
have shown that patients with low buffering capacity have
a greater risk of enamel erosion if they take acidic lozenges
frequently [2].

Deeper layers of enamel are more susceptible to demi-
neralization than superficial ones [14]. By grinding and
polishing the specimens in the present investigation, the
outermost surface layer was removed and subsurface ena-
mel was exposed. Subsurface enamel is more homogene-
ous than surface enamel. This reduces the variation in the
model which, in turn, increases its sensitivity.

In summary, this study showed that acidic lozenges and
candies were capable of softening abraded enamel in situ,

although orange juice was more erosive in dental hard tis-
sue. It is assumed that excessive consumption of acidic loz-
enges, when linked with low salivary flow rate and low
buffering capacity, could enhance existing dental erosion.
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