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Citric acid-induced changes in the structure of the mineral component of enamel stored in artificial saliva were studied by
attenuated total reflectance infrared spectroscopy as well as complementary electron probe microanalysis and scanning electron
microscopy. The results indicate that the application of artificial saliva for several hours (the minimum time period proved is 4 h)
leads to slight, partial recovering of the local structure of eroded enamel apatite. However, artificial saliva surrounding cannot
stop the process of loosening and breaking of P–O–Ca atomic linkages in enamel subjected to multiple citric acid treatments.
Irreversible changes in the atomic bonding within 700 nm thick enamel surface layer are observed after three times exposure for
1 min to aqueous solution of citric acid having a pH value of 2.23, with a 24-hour interval between the individual treatments. The
additional treatment with basic fluoride-containing solutions (1.0% NaF) did not demonstrate a protective effect on the enamel
apatite structure per se.

1. Introduction

Acidic foods or beverages tend to cause tooth erosion, a
chemical dissolution of surface hard tissues resulting from
a tooth exposure to a variety of acids [1, 2]. Salivary flow
plays an important role in minimizing enamel erosion by
acid attack [2, 3]. To elucidate how saliva counteracts erosive
demineralization, several characteristics of enamel, for exam-
ple, hardness, surface morphology, mineral loss, and lesion
depth, have been investigated [4–7]. It is speculated that
saliva buffering capacity, content of calcium and phosphate
groups, pellicle acquired on tooth surface and so forth, can
act either solely or in combination to inhibit the tooth erosive
procedures [8–10]. In vitro and in vivo studies proved that
natural saliva and its synthetic substitutes reduce enamel
mineral loss [4, 5], enhance enamel rehardening [7, 11],
and decrease erosive lesion depth [4, 5]. Sodium fluoride
solutions have been aimed at minimizing erosive processes.

Recently, it has been reported that the in vitro application of
NaF solutions on enamel reduces the acidic-induced mineral
loss [12, 13]. Hughes et al. [14] also found that fluoride
application in acidic solutions or as a pretreatment reduced
enamel erosion although the benefit observed was small and
probably not clinically relevant. Hove et al. [15, 16] came
to a similar conclusion when investigating enamel exposed
to HCl (simulating a gastric reflux situation); while the in
vitro study demonstrated a reduction of etching depth by
25% due to a protective effect of NaF, a followup in situ
study could not confirm the protective effect. Hence, further
investigations are required to better understand the effect of
saliva and sodium fluoride on the interatomic bonding in the
mineral component of eroded enamel.

Recently, attenuated total reflectance infrared (ATR IR)
spectroscopy has been successfully applied to analyze the
effect of tooth bleaching and acid challenge on enamel crystal
structure [17, 18]. This technique probes the crystal structure



2 International Journal of Spectroscopy

of outermost layers of the tooth tissue within micron and
submicron thickness. It was demonstrated that the position
of the most intense ATR IR peak, which arises from the
antisymmetrical ν3(PO4) mode of apatite, indicates the
occurrence of structural changes in surficial enamel apatite
treated with acidic reagents [17, 18]. Combined chemical
and spectroscopic analyses showed that acidic agents loosen
and/or even break a part of the Ca–O bonds in apatite,
which leads to stiffening of the adjacent P–O bonds and,
subsequently, to a shift of the major ATR IR peak to higher
wavenumbers [18]. Our previous in vitro study on the local
structural alteration of enamel apatite induced by citric acid
and NaF-containing solutions revealed that the application
of fluoride alone does not suppress the local structural
changes in apatite exposed to acidic agents [17].

Saliva is a very important biological parameter related
to dental erosion development [19]. Several mechanisms
might be involved into the protection of saliva against
tooth erosion: (i) saliva directly acts on the erosive agent
itself by diluting, clearing, neutralizing, and buffering acids;
(ii) the organic components of saliva may form a thin
protective film (pellicle) on the enamel surface, which acts as
a diffusion barrier or a perm-selective membrane, preventing
direct contact between the acids and tooth surface and thus
affecting the dissolution rate of dental hard tissue; (iii) due
to the content of calcium and phosphate ions, saliva serves
as a natural reservoir for apatite regrowth and/or nucleation
of new nanocrystals. To elucidate which of these three effects
plays a major protective role, the three contributions should
be analyzed independently.

The aim of this study is to shed light on the effect of
saliva as a source of calcium and phosphate ions as well
as to check if the additional application of a basic sodium
fluoride solution would influence the effect of saliva. For this
purpose, citric acid-induced changes in the atomic structure
and bonding of enamel stored in distilled water and in
an artificial saliva environment were compared, using ATR
IR spectroscopy as well as complementary electron probe
microanalysis (EPMA) and scanning electron microscopy
(SEM). Additionally, the effect of topical application of
sodium fluoride on the eroded enamel stored in artificial
saliva was analyzed.

2. Materials and Methods

2.1. Experimental Procedure. The enamel specimens used in
this study were prepared from noncarious human molars.
Slabs parallel to the enamel-dentin junction function (see
Figure 1) and of approximate size 3 × 2 × 2 mm were cut
from the middle one-third of the enamel surface using a
diamond wire saw. The outer surface of the enamel slabs
was polished and further analyzed. About 100 µm of the
outermost enamel layer was removed during the process
of grinding and polishing. A suspension of 100-nm-sized
colloidal silica was used at the final stage of polishing. The
achieved quality of surface smoothness was excellent for
spectroscopic, EPMA, and SEM experiments. To avoid any
uncertainties and misinterpretation of the experimental data
due to tooth-to-tooth variability, adjacent cuts from the
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Figure 1: Sketch of enamel specimen design.

same tooth were subjected to different types of treatments
(see Figure 1). When such an experimental design is used,
the quantitative comparison of the effect of the treatment
procedure is much more reliable, since ATR IR spectroscopy
is sensitive to the specimen orientation as well as to the
tooth-to-tooth variation in resistance to acidic challenge,
which in turn is related to variations in tooth enamel texture,
apatite crystal chemistry, organic-mineral component ratio,
and so forth, [17, 18]. Spectra collected from specimens
prepared from different teeth show slight statistical variations
in the absolute peak positions and relative intensities, but
the treatment-induced changes in the spectral features are
independent of the specimen origin. We have verified this
on more than 10 samples. Hence, for a better comparison,
the experimental results presented in the paper are obtained
on slabs cut from the same tooth, but the statistics over
cuts from different teeth revealed the repeatability of the
dependence of the spectral parameters on the sequence of
chemical treatment.

In the first version of this paper we have already stated
that spectra collected from specimens prepared from dif-
ferent teeth show slight statistical variations in the absolute
peak positions and relative intensities, but the treatment-
induced changes in the spectral features are independent of
the specimen origin. We have verified this on more than 10
samples. However, we present the data collected only on one.

We applied three different treatment procedures to
adjacent cuts of the same tooth.

(A) Enamel specimens were stored in distilled water
at 37◦C and manifold treated with a 0.1 mol/L citric acid
solution having a pH value of 2.23; the time of a single acidic
exposure was 1 min.

(B) Enamel specimens were firstly immersed into arti-
ficial saliva at 37◦C for 7 days and then submitted to a
deremineralization cycle repeated three times. The dem-
ineralization treatment was performed also in a 0.1 mol/L
citric acid solution for 1-minute. The short period of a
1 min exposure was chosen to mimic the conditions during
beverage consumption, while the remineralization treatment
was carried out in artificial saliva at 37◦C for at least 4 h.
After each treatment with citric acid solution, the samples
were rinsed with distilled water, dried in air, and subjected to
ATR spectroscopic measurements, while after each period of
storage in artificial saliva, the samples were only dried in air
and then subjected to ATR spectroscopic measurements. The
artificial saliva was changed every 24 h.

(C) The same treatment as in procedure B, but the
samples were additionally exposed to a 1.0% NaF solution
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with a pH value of 10.05 for 5 min three times daily. This
regimen was chosen to simulate a clinical situation using
topical fluoride therapy recommended to prevent erosion.

Thus, the comparison between enamel subjected to
procedure A and that subjected to procedures B and C
can reveal the effect of artificial saliva on demineralization
processes, while the comparison between enamel treated
according to procedure B and procedure C demonstrates the
cooperative effect of saliva and fluoride.

The artificial saliva was prepared according to Klimek
et al. [20]: 0.002 g ascorbic acid, 0.030 g glucose, 0.580 g
NaCl, 0.170 g CaCl2, 0.160 g NH4Cl, 1.270 g KCl, 0.160 g
NaSCN, 0.330 g KH2PO4, 0.200 g urea, 0.340 g Na2HPO4,
and 2.700 g mucin (Bacto-Mucin Bacteriological) in
1000 mL distilled water. The solution was further titrated
with a phosphate buffer of 26.4 mL 0.06 M Na2HPO42H2O
and 7.36 mL 0.06 M KH2PO4, following the procedure
described by Burgmaier et al. [21]. The achieved pH value
of the artificial saliva solution was 8.0. This pH value is
representative of saliva under conditions of stimulation [22]
and is, thus, relevant for remineralization processes.

Aqueous solutions of 0.1 mol/L citric acid and 1.0% NaF
were prepared by dissolving an appropriate amount of pow-
der in distilled water.

2.2. Analytical Methods

2.2.1. ATR IR. ATR IR spectra were collected with a Bruker
Equinox 55 FTIR spectrometer equipped with a Pike MIRa-
cle ATR accessory, having a single-reflection sampling plate
and a round contact surface between the ATR crystal and
the sample with a diameter of 1.8 mm. The force applied to
the sample to achieve a good contact with the ATR crystal
was controlled by a micrometer pressure clamp, and for all
samples, the magnitude of the force was the same as the
maximal allowed by the device. The background spectrum
was collected from an optically homogeneous polished plate-
shaped KBr crystals (KBr window, Korth Kristalle Gmbh).
The use of a Ge ATR crystal assured a characteristic
penetration depth of approximately 700 nm at 1000 cm−1,
which allowed the separation of the surface IR absorption
from the bulk one by enhancing the signal coming from the
submicron surface layer. The spectra were recorded with an
instrumental resolution of 4 cm−1 resolution, averaging over
512 scans. The spectra were measured in the spectral range
570–4000 cm−1 and subsequently normalized to a constant
penetration depth. Only slabs free of cracks observable under
an optical microscope were investigated. The repeatability
of the spectra was verified by collecting at least two spectra
from the same specimen. No variations in the peak positions
and relative intensities depending on the positioning of
the sample in the ATR unit were detected. Since the
contact surface area between the sample and ATR crystal
is approximately 2.54 mm2, lateral inhomogeneities of the
sample on the micrometer- or submicrometer scale, cannot
influence the overall IR signal.

2.2.2. SEM. To observe the surface morphology of dental
enamel, samples coated with gold were studied by SEM

imaging. The micrographs were recorded with a Zeiss LEO
1455VP scanning electron microscope operating at 20 kV.

2.2.3. EPMA. The lateral chemical inhomogeneity of dental
enamel was analyzed by conducting mapping of Ca, P,
Na, and Cl, using an electron probe microanalyzer Cameca
Microbeam SX100 equipped with a wavelength- and energy-
dispersive system. The mapping was performed with a step
size of 0.1 µm and a penetration depth of approximately
1.0 µm.

2.2.4. Background Results. Previous studies demonstrated
that the spectral range of 900–1200 cm−1, which is domi-
nated by the stretching modes of PO4 tetrahedra, is the range
most pronouncedly impacted by acid challenge [17, 18].
ATR IR spectroscopy probes the atomic bonding of the
outermost enamel apatite within a layer corresponding to the
characteristic penetration depth, which in our experiment
is 700 nm. A higher wavenumber of the peak related to
the antisymmetric stretching mode of PO4 tetrahedra is
indicative of changes in the local structure of hydroxyapatite,
namely, occurrence of loosened and/or broken Ca–O bonds
and thus disturbing the typical atomic surroundings of PO4

groups. Therefore, the degree of local atomic structural
damage in surficial enamel apatite can be quantified by the
change in the position of the strongest ATR IR peak near
1015 cm−1 with respect to that of untreated enamel.

3. Results

Figure 2(a) shows the change in the major peak position
of enamel stored in water as a function of the number of
treatments with citric acid solution of pH = 2.23 for 1 min.
The peak positions were determined by fitting the spectral
profile in the range of 900–1200 cm−1 using four Lorentz
functions (see Figure 2(b)). The number of Lorentzians
was consistent with the four internal stretching modes of
PO4 tetrahedra: one symmetric and three antisymmetric,
which are nondegenerate in the case of irregular tetrahedron.
According to group-theory analysis of apatite, the number
of crystal phonon modes related to the internal stretching
modes is larger than four, due to the multiplicity of the
tetrahedral ions in the crystal. However, the experimental IR
profile of untreated apatite shows four signals in the range
of 900–1200 cm−1, which indicates that the wavenumbers
of the crystal phonon modes related to P–O stretching are
grouped around the wavenumbers of the corresponding
internal tetrahedral modes. Hence, the simplest model to fit
the spectral range of 900–1200 cm−1 of apatite involves four
Lorentzians.

As can be seen in Figure 2(a), after three times of acid
exposure, the degree of damage within a surface layer of
∼700 nm, which is the characteristic penetration depth of
our ATR IR experiments, reaches a saturation level. A similar
trend was observed for enamel treated with milder acidic
agents for longer time [17]. The statistics over a large number
of samples show that when the structural damage of the
surface layers reaches a saturation, the change in the position
of the major peak is ∼15 cm−1 with a deviation of ±4 cm−1.
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Figure 2: Shift of the major ATR IR peak near 1015 cm−1 for enamel stored in water versus number of 1-minute treatments with citric acid,
pH = 2.23 (a); experimental spectrum of untreated enamel (bold black line) fitted with 4 Lorentzians (thin gray lines) and the resultant
profile (dashed gray line) (b). The error bars in (a) correspond to uncertainties in peak positions resulting from spectrum profile fittings.
The position of the second Lorentzian is 1012 cm−1, which value was taken as initial wavenumber to calculate the peak position changes.
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Figure 3: ATR IR spectra of untreated enamel (dashed line), treated with citric acid (CA) for 1 min (thin gray line), treated with CA for
1 min and then stored in saliva (S) for 4 h (bold black line), and treated with CA for 1 min, then stored in saliva for 24 h, and treated again
with CA for 1 min (thin black line) (a); experimental spectrum of enamel treated with CA for 1 min and then stored in saliva for 4 h (bold
black line) fitted with 5 Lorentzians (thin gray lines) and the resultant profile (dashed gray line) (b). The arrow in both plots points to the
lower-wavenumber shoulder observed for enamel subsequently stored in saliva for 4 h, the position of which matches the position of the
major ATR IR peak for untreated enamel.

Further, we compared the effect of citric acid on enamel
stored in water and in artificial saliva. The preliminary
soaking of enamel in saliva for 7 days did not affect the
ATR IR spectrum, which confirms that the used chemical
composition of artificial saliva is adequate to probe the acid-
induced alteration of apatite atomic bonding in salivary
surroundings. After a single treatment with citric acid with
pH = 2.23 for 1 min, enamel prestored in saliva showed the
same ATR IR spectrum as that of enamel kept in water, which

indicates that artificial saliva had no protective effect against
such an acidic challenge under the experimental conditions.
However, subsequent storage of enamel in saliva for 4 h
led to detectable spectral changes. The main peak becomes
broader and asymmetric in shape due to the appearance of a
weak shoulder positioned lower wavenumbers (see Figure 3).
Similar spectral changes were detected at the first step of
acidic treatment of enamel subjected to a multistep acidic
challenge and it indicates the development of an intermediate
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Figure 4: Shift of the major ATR IR peak near 1015 cm−1 for enamel stored in saliva (a) and for enamel stored in saliva and additionally
exposed to NaF (b); each treatment with citric acid (CA) was performed for 1 min; the time of enamel storage in saliva is given with respect
to the last treatment with citric acid; each treatment with NaF was performed for 5 min. The peak positions in (a) and (b) were obtained
using a four-Lorentzian model to fit the spectrum profiles between 900 and 1200 cm−1. (c) displays the integrated intensity of the lower-
wavenumber side signal (see Figure 3) normalized to the total absorption intensity between 900 and 1200 cm−1, when a five-Lorentzian
model was applied to fit the spectrum profiles between 900 and 1200 cm−1 of samples stored in saliva and additionally exposed to NaF; for
simplicity, only the points representing the citric-acid treatment are marked in (c); all other points exactly correspond to the points in (b).

structural stage consisting of spatial regions of heavily dama-
ged apatite within a matrix of almost undamaged apatite
[17]. Therefore, the results obtained on enamel stored in
saliva after acidic exposure demonstrate a recovery effect of
saliva on the local atomic structure of enamel apatite.

The signals arising from the affected and nonaf-
fected/recovered regions are very close in wavenumber and
overlap. Therefore, the two signals can be modelled as one
Lorentzian, whose wavenumber would represent the weight
coefficient of the two signals: a higher wavenumber indicates
a larger contribution of the signal from the damaged regions,
while a lower wavenumber indicates a larger contribution
form the undamaged regions. Thus, when a four-Lorentzian
model is used to fit the spectra of untreated and treated
samples, the change in the peak position of the most intense
IR band near 1015 cm−1 reflects the change in the fraction
of damaged regions in enamel. Additionally, we have applied

a five-Lorentzian model to the spectra of samples stored
in saliva. In this case, we have modelled the contribution
from damaged and undamaged/recovered areas to the most
intense IR band with two separate replicas. Thus, the trend
in the intensity of the lower-wavenumber side band (see
Figure 3) normalized to the total intensity in the range
900–1200 cm−1 represents the structural state of superficial
enamel subjected to a deremineralization process: a lower
intensity corresponds to a high degree of structural damage,
while an increase in the intensity indicates recovering of the
apatite structure. However, due to the strong overlapping of
the peaks, the uncertainties in determining peak integrated
intensities within a five-Lorentzian model are relatively large,
which hampers the precise quantification of the degree
structural damage.

Figure 4 presents the trends of the spectral features of
enamel stored in saliva. The change in the peak position as
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Figure 5: SEM micrographs of untreated enamel (a); enamel treated with citric acid and then remineralized in artificial saliva (b); enamel
treated with citric acid and then remineralized in artificial saliva in combination with additional treated with NaF (c).

determined within a four-Lorentz model for enamel treated
according to procedure B and C stored is shown in Figures
4(a) and 4(b), respectively. It is seen that artificial salivary
environment leads to a partial recovery of the mineral
component of enamel, but it cannot stop the overall violation
of the atomic bonding in apatite upon multiple acidic attack.

The comparison between ATR IR data on enamel stored
in saliva without and with additional NaF treatment (see
Figures 4(a) and 4(b), resp.) reveals that topical application
of NaF to artificial saliva does not inhibit the long-term struc-
tural alteration in eroded enamel. After a third acid exposure,
the peak position change for enamel stored in saliva and
additionally treated with NaF became the same as that of
the peak position change for enamel stored in saliva, without
being additionally treated with NaF. The use of the relative
intensity of the lower-wavenumber side band (determined
within the five-Lorentzian model) to estimate the structural
state (see Figure 4(c)) confirms the results obtained within
the four-Lorentzian model: the combination of saliva and
a repetitive treatment with NaF opposes to the impact of
citric acid after two times acidic exposure but have only a
diminutive effect after a third treatment with citric acid.

SEM micrographs also show no detectible effect of NaF
treatment in the experiment (Figure 5). The morphological
changes observed for enamel subjected to a combination

of artificial saliva and NaF resemble those observed for
enamel kept in artificial saliva, demonstrating in both cases
apparent etching-like pattern. Moreover, the comparison
between the Ca- and P-mapping images of enamel exposed
to saliva and to saliva + NaF reveals a similar degree of lateral
chemical inhomogeneity in the eroded surface (Figure 6).
The mapping of Na and Cl (not shown) also revealed no
difference between samples treated with artificial saliva alone
and in combination with NaF.

4. Discussion

The position and the shape of the major ATR IR peak is
a result of the existence of two overlapping components
corresponding to noneroded and eroded enamel apatite.
Figure 7 schematically represents the proposed mechanism
of structure transformation processes in superficial enamel
exposed first to citric acid and then to saliva. Initially, the
treatment with citric acid leads to a formation of spatial areas
with damaged apatite that exhibits local structural alteration,
namely, broken and/or loosened P–O–Ca atomic linkages.
After a prolonged treatment with citric acid, the entire
surface layer probed by ATR IR spectroscopy (approximately
700 nm in thickness) is affected, and it consists of apatite
with a high degree of local structural defects: PO4 species
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Figure 6: Electron-probe P- of Ca-mapping of untreated enamel (a); enamel treated with citric acid and then remineralized in artificial
saliva (b); enamel treated with citric acid and then remineralized in artificial saliva in combination with additional treated with NaF (c).

with stiffer P–O bonds due to break and/or loosening of
adjacent Ca–O bonds. Saliva stabilizes atomic linkages in
apatite and favours the reappearance of spatial areas of
defect-poor apatite. The resultant ATR IR peak shift with
respect to position of the peak of untreated enamel actually
reflects the different contribution of the two overlapping
components: noneroded and eroded apatite. More abundant
eroded enamel regions correspond to a larger peak shift.

Hence, the change in the major peak position is a reliable
indicator of the degree of structural damage of apatite within
a 700 nm surface layer. The spectroscopic results reveal subtle
structural recovery of enamel eroded by citric acid with pH =
2.23 for 1 min after storage in artificial saliva for 4 hours. The
effect of remineralization by saliva is more pronounced after
24 h; however, prolonged time of 3 days (see Figure 5(a))
does not lead to any further substantial changes. A repeated
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Figure 7: Sketch of deremineralization processes on enamel
mineral surface layer of thickness ∼700 nm; areas of undamaged
apatite and damaged apatite (with broken or loose P–O–Ca
atomic linkages) are represented by white and textured gray color,
respectively.

application of deremineralization cycle leads to a more severe
damage of enamel apatite, which cannot be recovered even
after an exposure to artificial saliva for several days. These
results, which are based on the change in atomic bonding and
local arrangements, explain the detrimental effect of frequent
intake of acidic foods and beverages, as resulting from
the imbalance between acidic demineralization and salivary
remineralization, which consequently leads to irreversible
lesions of enamel apatite.

The results of the present study show that the topical
application of NaF in the presence of artificial saliva does not
suppress or reverse the loosening and break of atomic P–O–
Ca linkages of enamel repeatedly exposed to acidic challenge.
This indicates that saliva as a chemical reservoir is not the
major reason for the enhancement of the long-term enamel
resistance to an acidic challenge under a topical application
of fluoride. Therefore, the mechanism of saliva + fluoride
protective effect should be related to the pH value and/or
the organic components of saliva. This is in agreement with
previous findings based on in vitro study of enamel treated
with various F-containing solutions [17], demonstrating
that the potential of fluorine-containing agents to prevent
enamel apatite from undesired acid-induced changes should
be related mostly to the formation of a CaF2 protective layer,
which in turn depends on the pH value of the medium sur-
rounding the enamel surface. Several studies on the hardness
of enamel in a saliva environment also demonstrated that
saliva is incapable of totally recovering the original surface
structure of sound enamel [4, 23]. On the other hand, Eisen-
burger et al. [6] found that upon 24-hour remineralization in
artificial saliva, eroded enamel returns to its normal level of
resistance to ultrasonication. The controversial conclusions
from different studies underline the complex effect of saliva
and the necessity of well-designed experiments in order to

check the primary reason for the inhibition of the acid-
induced damage in natural saliva environment.

The artificial saliva utilized in the present study was
aimed at simulating saliva relevant for remineralization
processes. Therefore, the pH value of the saliva was adjusted
to levels natural saliva reaches under stimulation conditions
and, thus, demonstrates improved salivary buffer capacity
[22]. However, it should be emphasized that artificial
saliva cannot model demineralization and remineralization
processes in the intraoral environment related to various
biological factors, such as salivary pellicle and biofilm, as
well as to inherent F that favours the formation of protective
CaF2 layer. In general, natural saliva might offer a greater
protection than artificial saliva due to the ability to form
salivary pellicle that restricts the acid diffusion and transport
of ions in and out of the enamel surface [24–27]. Therefore,
under clinical conditions, the demineralization due to an
erosive attack may be less pronounced compared to the
conditions used in the current study.

In conclusion, partial recovery of the atomic bonding in
the eroded enamel apatite occurs after several hours due to
the favourable influence of the surrounding saliva. However,
saliva as a chemical reservoir of calcium and phosphate ions
cannot prevent irreversible local structural changes within a
700 nm layer of enamel apatite repeatedly exposed to acidic
agents. Topical treatment with basic fluoride-containing
agents seems to show a diminutive contribution to the ability
of artificial saliva, supplying calcium and phosphate ions,
to oppose to the acid-induced violation of the local atomic
structure of enamel apatite.

Acknowledgments

The authors would like to thank Peter Stutz (University
of Hamburg) for cutting and polishing dental samples and
Yvonne Milker (University of Hamburg) for conducting SEM
experiments. Financial support by the Deutsche Forschungs-
gemeinschaft (GRK-611) is gratefully acknowledged.

References

[1] J. M. ten Cate and T. Imfeld, “Dental erosion, summary,”
European Journal of Oral Sciences, vol. 104, no. 2, pp. 240–244,
1996.

[2] A. Lussi, T. Jaeggi, and D. Zero, “The role of diet in the
aetiology of dental erosion,” Caries Research, vol. 38, supple-
ment 1, pp. 34–44, 2004.

[3] G. A. Sánchez and M. V. Fernandez De Preliasco, “Salivary
pH changes during soft drinks consumption in children,”
International Journal of Paediatric Dentistry, vol. 13, no. 4, pp.
251–257, 2003.

[4] B. T. Amaechi and S. M. Higham, “In vitro remineralisation of
eroded enamel lesions by saliva,” Journal of Dentistry, vol. 29,
no. 5, pp. 371–376, 2001.

[5] B. T. Amaechi and S. M. Higham, “Eroded enamel lesion
remineralization by saliva as a possible factor in the site-
specificity of human dental erosion,” Archives of Oral Biology,
vol. 46, no. 8, pp. 697–703, 2001.

[6] M. Eisenburger, J. Hughes, N. X. West, R. P. Shellis, and M.
Addy, “The use of ultrasonication to study remineralisation
of eroded enamel,” Caries Research, vol. 35, no. 1, pp. 61–66,
2001.



International Journal of Spectroscopy 9
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