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veloping multivariate models for predicting the erosive po-
tential of different solutions. Finally, the erosive potential of 
solutions towards enamel and dentine might differ. 

 Copyright © 2011 S. Karger AG, Basel 

 At the population level, the most important extrinsic 
factors involved in dental erosion are products intended 
for consumption: fruit juices, soft drinks, wines, acidic 
foods such as pickles, some oral health products and 
some medications. Numerous products have been tested 
in vitro (screened) to determine which are erosive and, if 
so, to what extent. These tests provide standardised data 
on erosive potential, i.e. the extent of erosion that occurs 
in the absence of the numerous modifying factors which 
vary between individuals and between different occa-
sions, such as the pattern and rate of salivary flow, sali-
vary buffering and the properties of the acquired pellicle. 
Screening is valuable in understanding the aetiology of 
erosion, in interpreting epidemiological findings, and in 
making clinical assessments. Several studies have com-
bined tests of erosion with analysis of the test products, 
with the aim of exploring correlations between erosive 
potential and individual chemical properties of the prod-
ucts. In principle, this information could enable the ero-
sive potential of a product to be predicted from the anal-
ysis of key chemical properties.

 Key Words 
 Dental erosion  �  Dentine  �  Enamel  �  Erosive potential  �  
Hydroxyapatite  �  Microhardness  �  Nanohardness  �  pH-stat  �  
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 Abstract 
 The literature on the erosive potential of drinks and other 
products is summarised, and aspects of the conduct of 
screening tests as well as possible correlations of the erosive 
potential with various solution parameters are discussed. 
The solution parameters that have been suggested as im-
portant include pH, acid concentration (with respect to
buffer capacity and concentration of undissociated acid),
degree of saturation, calcium and phosphate concentra-
tions, and inhibitors of erosion. Based on the available data, 
it is concluded that the dominant factor in erosion is pH. The 
effect of buffer capacity seems to be pH dependent. The de-
gree of saturation probably has a non-linear relationship 
with erosion. While calcium at elevated concentrations is 
known to reduce erosion effectively, it is not known whether 
it is important at naturally occurring concentrations. Fluo-
ride at naturally occurring concentrations is inversely corre-
lated with erosive potential, but phosphate is probably not. 
Natural plant gums, notably pectin, do not inhibit erosion, so 
they are unlikely to interfere with the prediction of erosive 
potential. The non-linearity of some solution factors and in-
teractions with pH need to be taken into account when de-
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  In this paper, the literature on the erosive potential
of beverages and other products is first summarised,
and the design and methodology of screening studies are 
discussed. Then, correlations between erosivity and 
chemical factors are described, and the prospects for
the prediction of erosivity in vivo are discussed. Some 
explanatory material, in the form of two appendices,
is available as online supplementary material (www.
karger.com/doi/10.1159/000325917).

  Screening Products for Erosive Potential 

 Screening tests are predominantly performed in vitro, 
and comparative information has shown that in vitro ero-
sion is greater than in situ erosion under the same condi-
tions [West et al., 2011]. Nevertheless, there is a good cor-
relation between in vitro and in situ erosion [Hughes et 
al., 1999a; West et al., 1999], so in vitro measurements 
seem to provide reasonable estimates of relative erosivity. 
Moreover, it can be assumed that if a product is not ero-
sive in vitro, it will not be erosive in vivo either [Lussi et 
al., 2000].

  A large number of papers collectively contain exten-
sive comparative data on erosive potential of beverages 
[Rytömaa et al., 1988; Larsen and Nyvad, 1999; Lussi et 
al., 2000; Parry et al., 2001; Mahoney et al., 2003; Lussi et 
al., 2004; Jensdottir et al., 2005, 2006; Hemingway et al., 
2006; Lussi and Jaeggi, 2006; Brown et al., 2007; Hara and 
Zero, 2008; Jager et al., 2008]. Most screening models 
have tested erosive potential against enamel (either hu-
man or bovine), but Mok et al. [2001] and Mahoney et al. 
[2003] have studied erosive potential against dentine.
Jensdottir et al. [2005] used pieces of teeth, which pre-
sumably presented both enamel and dentine for testing. 
Some studies have used hydroxyapatite (HA) dissolution 
as a model system [Parry et al., 2001; Jensdottir et al., 
2006; Brown et al., 2007], either as the sole test system or 
as a supplement to studies on tooth tissue.

  Comparison of results among studies is difficult, since 
variables that affect erosion rates significantly, such as 
stirring arrangements, temperature and volume of prod-
uct per specimen, differ between studies and have some-
times not even been reported. Temperature and solution 
volume are easily controlled, but standardised stirring is 
somewhat more difficult to achieve, particularly when 
‘gentle agitation’ is employed, since at low stirring rates, 
small variations in this rate can produce large variations 
in erosion [Shellis et al., 2005]. However, in recent years, 
methods of achieving reproducible and quantifiable stir-

ring have been devised, e.g. by Attin et al. [2003] and 
Hemingway et al. [2008]. Standardisation of methodol-
ogy would be a prerequisite step to provide sufficient in-
formation in publications to allow experiments to be re-
peated. To enable comparisons among studies, a standard 
challenge, for instance a defined citric acid solution, 
should be included in each study.

  In most screening tests, a single exposure to the 
product(s) is performed, followed by immediate evalua-
tion of erosion, but some studies used multiple exposures. 
Hara and Zero [2008] exposed different areas on the test 
surfaces for varying periods, while others subjected whole 
specimens to consecutive treatments [Parry et al., 2001; 
Lupi-Perugier et al., 2003; Hemingway et al., 2006], with 
intervening steps of washing, drying and measurement. 
Mok et al. [2001] went to some lengths to mimic the ero-
sion process in wine tasters, using numerous repetitions 
of a 3-min cycle of exposure to wine, rinsing and drying. 
The advantage of using a series of repeated challenges is 
that it increases the chances of obtaining reliable results, 
since changes can be detected after multiple exposures, 
even if none is detectable after a single exposure. This ap-
proach is particularly useful when products with a wide 
range of erosive potential are compared. By using a range 
of exposure times, Hara and Zero [2008] obtained data 
on both softening and tissue loss for a group of drinks 
with a more than 10-fold variation in the erosive poten-
tial.

  Rehardening of surface-softened enamel or deminer-
alised enamel by in vitro exposure to natural or artificial 
saliva has been reported [Collys et al., 1993; Eisenburger 
et al., 2001; Hara et al., 2008a]. However, pH-cycling 
models which include a remineralisation stage, like those 
common in cariology, have not been widely used. Rytö-
maa et al. [1988] found that storing specimens in natural 
saliva between consecutive erosive challenges had no sig-
nificant effect on the ultimate tissue loss. Tantbirojn et al. 
[2008] and Panich and Poolthong [2009] noted that arti-
ficial saliva with near-neutral pH rehardened softened 
enamel neither after 24 h nor after 48 h of exposure, with 
or without addition of 1 mg/l fluoride [Tantbirojn et al., 
2008], nor as part of a cycling model [Panich and 
Poolthong, 2009]. In contrast, Hara et al. [2008b] found 
that artificial saliva significantly reduced erosive tissue 
loss in enamel compared to water as a control. However, 
the effect of stimulated human saliva was not significant-
ly different from that of water or of artificial saliva. Jens-
dottir et al. [2006] observed that, while pre-treatment of 
HA with saliva reduced erosion by about 50% at a pH of 
2.5, the effect was smaller as pH increased and there was 

D
ow

nloaded from
 http://karger.com

/cre/article-pdf/45/Suppl. 1/24/2499913/000325917.pdf by U
niversitÃ¤tsbibliothek Bern user on 25 M

ay 2023



 Barbour   /Lussi   /Shellis   

 

Caries Res 2011;45(suppl 1):24–3226

no inhibition above a pH of 3.3. It seems unlikely that the 
discrepancies between these various reports could be due 
to the use of solutions with different degrees of saturation 
with respect to HA,  S  HA  (online suppl. material). Collys 
et al. [1993] and Eisenburger et al. [2001], who reported 
partial remineralisation of softened enamel surfaces, 
studied solutions with an  S  HA  of 8.5–10.5 and 11.5, re-
spectively. The solution used by Hara et al. [2008a] had 
an  S  HA  of 15.8, and Hara et al. [2008b] found that solu-
tions with an  S  HA   ! 15.8 did not consistently remineralise 
dentine lesions. The solution used by Tantbirojn et al. 
[2008] had an  S  HA  of 7.2, so it could have had too low a 
remineralisation potential, but that used by Panich and 
Poolthong was more highly saturated ( S  HA  = 15.6), so it 
should have had a detectable effect on hardness. These 
conflicting results raise questions about the value of in-
cluding exposure to saliva (natural or artificial) between 
acid exposures in short-term erosion experiments. In any 
case, it would certainly be necessary to check whether 
 S  HA  is  1 1 and to carry out preliminary tests on the artifi-
cial saliva to make sure that it does indeed support re-
mineralisation: a commercially available artificial saliva 
chosen by Tantbirojn et al. [2008], for example, proved to 
be demineralising [see also Kielbassa et al., 2001; Meyer-
Lueckel et al., 2002].

  Studies on a variety of products [Rytömaa et al., 1988; 
Mahoney, 2003; Jensdottir et al., 2005, 2006; Lussi and 
Jaeggi, 2006; Jager et al., 2008] show that mineral water, 
beer and milk products are essentially non-erosive. In 
contrast, products with exceptionally high acid concen-
trations (vinegar, milk-derived lactic acid, or lemon juice 
concentrate) are highly erosive. Products with intermedi-
ate erosive potential include: fruit juices, sauces and pu-
rees; fruit-based soft drinks; colas; sports drinks; vitamin 
drinks; alcopops; citrus-flavoured tea, and wines. The 
rank order of products within this intermediate group 
varies between studies. For instance, Rytömaa et al. [1988] 
found cola to be more erosive than fruit-based drinks, but 
Lussi and Jaeggi’s [2006] study revealed the reverse. This 
variation is not surprising, as no two studies have used 
the same combination of measurement techniques and 
experimental conditions. Jager et al. [2008] stated that the 
rank order of erosive potential depended on the analyti-
cal method (chemical analysis or profilometry). Jensdot-
tir et al. [2006] reported that, while colas dissolved more 
HA over 30 s than orange drinks, some of the orange 
drinks showed a more sustained erosive effect over 30 
min, so the ranking of erosive potential changed with ex-
posure time.

  A number of medications or other health care prod-
ucts, e.g. some vitamin preparations, are acidic and the 
erosive potential of some of these products has been in-
vestigated (see Hellwig and Lussi [2006] for review). An 
effervescent vitamin C tablet [Lussi and Jaeggi, 2006] 
seemed to reduce microhardness to a similar extent as 
fresh orange juice. An acidic sodium chlorite mouth rinse 
had a similar erosive potential, but that of other low-pH 
mouth rinses was 50–70% lower [Pontefract et al., 2001]. 
In other studies, many products with pH  ! 6 had such 
small effects on enamel that they could be considered safe 
for intra-oral use, but some products had a measurable 
erosive potential [Hellwig and Lussi, 2006; McNally et al., 
2006]. However, interpretation of the clinical significance 
of such measurements could be hampered if the study did 
not include a product known to be erosive for compari-
son.

  Possible Factors Affecting Erosive Potential 

 The relationship of a variety of chemical properties of 
products to their erosive potential has been extensively 
discussed. Attention has focused on pH, buffer capacity, 
degree of saturation, calcium concentration, phosphate 
concentration and erosion inhibitors such as fluoride.

  The interaction of several of these factors with the ero-
sive process is markedly influenced by processes at the 
interface between the hard tissue and the eroding solu-
tion. The thin layer of solution closest to this interface is 
more or less static, even if the bulk of the solution is 
stirred. Transport of H +  ions and dissolution products 
(Ca 2+  and PO 4  3  –  ions) through this layer – often referred 
to as the Nernst layer – is relatively slow because it is con-
trolled by diffusion. Ion transport between the solution 
and the erosion front is also controlled by diffusion with-
in the pores of the softened layer (enamel) or the outer 
demineralised collagen layer (dentine). As a result, the pH 
and the concentrations of calcium and phosphate at the 
site of erosion increase, leading to a raised degree of satu-
ration and slower dissolution. Erosion depends on the 
rate of stirring [Shellis et al., 2005; Wiegand et al., 2007] 
because the thickness of the Nernst layer and the degree 
of saturation at the tooth-solution interface decrease 
when movement of the bulk solution is more rapid and 
vice versa. It is also because erosion is diffusion con-
trolled that the process is affected by buffering and cal-
cium concentration of erosive solutions (see below).

  In the following, we first discuss data on the relative 
importance of the chemical factors noted above in rela-
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tion to enamel. Subsequently, we compare the properties 
of enamel and dentine as well as HA discs, which have 
been used in some studies.

  pH 
 Although the pH of a solution influences the degree of 

saturation (by determining PO 4  3  –  and OH –  ion activities), 
it is also an important independent factor in dissolution. 
Protonation of surface phosphate groups at low pH weak-
ens co-ordination of the phosphate to the surrounding 
Ca 2+  ions and hence destabilises the surface [Stumm, 
1992].

  Softening of enamel increases in a linear fashion in the 
pH range 6.3–2.9 [Barbour et al., 2003a], but the rate of 
tissue loss increases more steeply as pH falls [Davis and 
Winter, 1980; Larsen and Nyvad, 1999; West et al., 2001; 
Shellis et al., 2010]. In studies by Davis and Winter [1980] 
and Larsen and Nyvad [1999], enamel erosion was loga-
rithmically related to pH, and Jensdottir et al. [2006] 
found the same relationship for dissolution of HA pow-
der.

  Available data on beverages and simple acid solutions 
suggest that the threshold for detection of erosion (soft-
ening or tissue loss) by most methods is in the region of 
pH 5.0. Erosion by liquids with a pH as high as 6.3 can be 
demonstrated, but requires the use of very high area/vol-
ume ratios [Parry et al., 2001] or long exposure times 
[McNally et al., 2006], or measurement by nanoindenta-
tion [Barbour et al., 2003a]. Yoghurts and some other 
milk products have a pH  ! 5 but are not erosive [Rytömaa 
et al., 1988; Lussi and Jaeggi, 2006] because they are satu-
rated with respect to HA [Lussi and Jaeggi, 2006].

  The erosion threshold of pH 5.0 is based on empirical 
observations, not on the ‘critical pH’, i.e. the pH at which 
a solution is saturated with respect to HA. Jensdottir et 
al. [2005] calculated critical pH values for a range of 
drinks and found values from 4.25 (milk) to 6.36 (energy 
drink), compared with 5.2–5.3 for stimulated whole sa-
liva [Larsen and Pearce, 2003].

  Acid Type and Concentration (Buffering) 
 Erosive products contain weak acids (e.g. citric, malic, 

phosphoric, and lactic acid). The concentration of the 
acid(s) determines not only the pH but also the buffering 
properties. The effects of acid concentrations on erosion 
can be considered from three viewpoints:
  (1)  Enhancement of Erosive Conditions at the Tooth Sur-

face.  A well-buffered solution will be able to maintain 
a higher H +  concentration (lower pH) in the Nernst 
layer than a poorly buffered solution with the same 

bulk pH. Consequently, the degree of saturation at the 
tissue surface will be reduced and dissolution will be 
faster. 

 (2)  Enhancement of Erosive Conditions beneath the Tooth 
Surface.  In both enamel and dentine, the advancing 
front of the erosive lesion lies beneath the surface. At 
a low pH, a high proportion of the weak acids in ero-
sive products tends to be in the undissociated form 
which, being uncharged, could act as mobile buffers, 
delivering H +  to the demineralising front [Gray, 1962; 
Featherstone and Rodgers, 1981]. 

 (3)  Prolongation of Erosion in vivo.  In the mouth, a major 
factor affecting erosion is the neutralisation of an ero-
sive product by salivary buffers, and this process will 
take longer for well-buffered products. 
 Two measures of buffering power have been used in 

erosion research. The titratable acidity (TA) is the amount 
of strong base required to raise the pH of a liquid from its 
native pH to a pre-defined value, typically 5.5 or 7.0. The 
results are often reported in millilitre of added base but 
should be converted to mmol/l, as TA is a concentration.

  The classical buffer capacity,  �  [Jensdottir et al., 2005; 
Barbour and Shellis, 2007], measures the resistance of the 
solution to change from its native pH and can be calcu-
lated from the solution composition or determined from 
the slope of a titration curve. Barbour and Shellis [2007] 
used the term ‘differential buffer capacity’ for  �  in order 
to emphasise the difference from TA, which is an inte-
grated buffer capacity between two defined pH values. 
Because of this difference, it seems appropriate to use  �  
when considering erosion in systems where pH is con-
trolled or changes little, and to use TA in relation to situ-
ations where pH changes. The latter can include screen-
ing tests which use long exposure times or small volumes 
of erosive liquid in relation to the specimen area. Chang-
es in pH during erosion are, of course, characteristic of 
intra-oral erosion, and TA might be a useful parameter 
for evaluating buffering power of an erosive product in 
vivo. However, for this purpose, the upper pH for the de-
termination of TA should be appropriate for the sensitiv-
ity of the technique applied to measure erosion. In our 
opinion, the upper pH should be that at which erosion 
ceases to be detectable by most techniques: pH 5.0 (or pH 
5.5 to be on the safe side; see above). Titration to pH  1 5.5, 
i.e. into a pH range where erosion is probably not clini-
cally significant, adds no useful information.

  Barbour and Shellis [2007] found that  �  had a more 
consistent relationship to very early enamel softening 
than the concentration of undissociated acid.
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  The enamel dissolution rate in citric acid shows a strong 
response to  �  at pH 2.45, a smaller response at pH 3.2, and 
no statistically significant response at pH 3.9 [Shellis et al., 
2010]. This result is supported by a re-analysis of data on 
enamel erosion in three acids at different concentrations 
and pH values [Hughes et al., 2000], which showed that 
buffer capacity had more effect on erosion as the pH fell 
from 3.8 to 2.8 ( fig. 1 ). A further result of interest was that 
pH had a much greater effect on erosion depth in lactic 
acid than in citric and malic acids. The enhanced erosive 
potential of lactic acid at low pH ( fig. 1 ) could be due to 
more of it being in the undissociated form (because of its 
relatively high pK a ) which, because of its relatively small 
molecular size, would act as an effective mobile buffer.

  Several authors have found a strong correlation be-
tween TA and erosive potential [Lussi et al., 1995; Jens-
dottir et al., 2005], and Jensdottir et al. [2006] attributed 
the more prolonged erosive capacity of orange drinks 
compared to that of colas to their greater TA. However, 
other authors have not confirmed this correlation [Lar-
sen and Nyvad, 1999; Mahoney et al., 2003; Hemingway 
et al., 2006]. One could speculate that in vivo, when only 
some small, unstirred remnants of an erosive solution 
are present (e.g. on the cupped occlusal surfaces), the TA 
is an important factor, but when an excess of an erosive 
agent is present, the pH is probably a more decisive fac-
tor.
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  Fig. 1.  Erosion of enamel in relation to buffer capacity ( � ) at pH 
2.8 ( a ), pH 3.3 ( b ) and pH 3.8 ( c ). Re-analysis of the data of Hughes 
et al. [2000]. Open triangles = Citric acid; open squares = malic 
acid; solid diamonds = lactic acid. Common trend line fitted to 
citric and malic data. 
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  Degree of Saturation 
 The degree of saturation is the basic thermodynamic 

driving force for dissolution and crystal growth reac-
tions. In dental research, because it has not proved pos-
sible to define solubilities of dental minerals in terms of 
their compositions, the degree of saturation is calculated 
in relation to HA. Three points should be considered 
when interpreting results.

  First, because erosion is at least partly a diffusion-con-
trolled process (see above), the degree of saturation in the 
bulk solution, which is calculated from electrolyte analy-
sis, is not that which directly controls the rate of dissolu-
tion.

  Second, the degree of saturation only helps to deter-
mine whether dissolution is  possible , i.e. thermodynami-
cally feasible. If a solution is supersaturated, dissolution 
is not possible. Thus, yoghurts tend to be supersaturated 
with respect to HA and are non-erosive [Lussi and Jaeggi, 
2006]. In contrast, because a solution is undersaturated, 
it cannot be assumed that it will be erosive, since many 
factors, including low fluid movement, too low a temper-
ature, unfavourable surface properties of the solid and 
the presence of inhibitors, can prevent or slow dissolution 
in an undersaturated solution.

  Third, there is not a simple linear relationship between 
the degree of saturation and the dissolution rate [Blum 
and Lasaga, 1987]. In slightly or moderately undersatu-
rated solutions, the rate of dissolution will increase as the 
degree of saturation falls, but eventually the dissolution 
rate will reach a plateau and will not respond to further 
falls in the degree of saturation [Blum and Lasaga, 1987]. 
Because many erosive liquids contain little or no calcium 
or phosphate, they are highly undersaturated, and it is 
possible that, below a certain degree of saturation, quite 
wide variations in the degree of saturation would have 
little, if any, effect on the dissolution rate. A preliminary 
estimate of the cut-off point can be made from pH-stat 
data. After an initial adjustment period, the dissolution 
rate of enamel or HA is constant [Shellis et al., 2010], in-
dicating that, although calcium and phosphate are accu-
mulating in the solution, the degree of saturation does 
not reach the point where it affects the dissolution rate. 
Using our dissolution rate data, we have calculated the 
maximum degree of saturation reached at the end of our 
experimental period (at least 30 min); it was about 0.0047 
(pK – pI = –20.95). In solutions with a lower saturation 
than this, the degree of saturation might not affect the 
dissolution rate.

  Calcium and Phosphate Concentrations 
 The presence of calcium alone in an erosive solution 

can modify the dissolution rate, even though the degree 
of saturation in the bulk solution is zero. This is because 
calcium raises the degree of saturation in the Nernst lay-
er by augmenting the number of calcium and phosphate 
ions diffusing from the solid surface. At a constant degree 
of saturation, erosion increases as the calcium/phosphate 
ratio increases [Barbour et al., 2003b]. Modification of 
drinks by addition of calcium at relatively high concen-
trations (5–10 mmol/l) reduces erosivity successfully 
[Hughes et al., 1999b]. In such drinks, because CaCO 3  is 
used to raise calcium concentration, there is also a rise in 
pH, which adds to the effect of calcium.

  McDonald and Stookey [1973] and Attin et al. [2003] 
suggested that addition of phosphate to erosive drinks or 
acid solutions also reduces erosive potential. In contrast, 
Hemingway et al. [2006] found no correlation between 
phosphate concentrations and the erosive potential of 
soft drinks and suggested that such a correlation was un-
likely as, at the pH of erosive drinks, the proportion of 
total phosphate in the form of PO 4  3  –  ions (which influ-
ences the degree of saturation) is extremely low. In un-
published pH-stat experiments, we have found no signif-
icant effect of 10 or 20 mmol/l phosphate on enamel ero-
sion at pH 2.5, 3.25 or 4.0. Therefore, in previous studies, 
the pH was probably increased through addition of phos-
phate salts, and this increase in pH reduced the dissolu-
tion rate, and not the addition of phosphate.

  Inhibitors of Erosion 
 Larsen [2001] and Larsen and Richards [2002] ob-

served reductions in erosion of up to 46% due to fluoride 
dissolved in acid solutions, but the solutions were satu-
rated with respect to calcium fluoride, so the fluoride 
concentrations were very high (7–25 mg/l). Low fluoride 
concentrations in erosive products will probably have 
proportionately smaller effects. The scant literature does 
not provide evidence as to how fluoride might act. It is 
possible that fluoride raises the degree of saturation with 
respect to fluorapatite in the same way as calcium raises 
the degree of saturation with respect to HA (see above).

  Because several polymers have been shown to inhibit 
erosion at low concentrations [Barbour et al., 2006], it is 
possible that natural polymers in soft drinks might re-
duce the erosive potential. This could reduce the validity 
of predictions from electrolyte analyses. However, the 
major plant gum likely to occur in fruit-based drinks 
(pectin) does not significantly inhibit erosion [Barbour et 
al., 2006].
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  Comparison of Substrates 

 Enamel and dentine show qualitative and quantitative 
differences which affect results on the erosive potential. 
Whereas the rate of enamel dissolution is essentially con-
stant, that of dentine decreases progressively with time 
[Shellis et al., 2010], undoubtedly because an increasingly 
thick layer of demineralised collagen forms at the dentine 
surface and progressively restricts diffusion of H +  and 
mineral ions, leading in turn to a reduced rate of mineral 
loss.

  There is evidence that dentine mineral is more solu-
ble than enamel mineral [Shellis, 1996], but this is not 
necessarily reflected in the relative susceptibilities of 
both tissues to erosion. The available evidence, from 
both profilometric and pH-stat work [Shellis et al., 
2010], suggests that there is less erosion of dentine than 
of enamel at a low pH (about 2.5), that at an intermedi-
ate pH (about 3.2) erosion in the two tissues is similar, 
and that it is only at a high pH (about 4.0) that dentine 
erosion exceeds enamel erosion. These results seem to 
be due to the variation in pH in the interactions between 

solubility, diffusion and tissue structure [Shellis et al., 
2010]. It appears that the dissolution rate of dentine is 
less sensitive to both pH and to buffer capacity than that 
of enamel [Shellis et al., 2010], but further work is re-
quired.

  Discs of compressed HA have been used as substrates 
in tests of erosion inhibitors [Barbour et al., 2006] and 
could be useful in other areas of erosion research. How-
ever, they differ quantitatively from dental tissues. We 
found that the dissolution rate of compressed HA was 
slower than that of either enamel or dentine and varied 
less with pH [Shellis et al., 2010]. The rate was not influ-
enced by a buffer capacity above 7.3 mmol/l/pH, but Bar-
bour [unpubl. data] found that the dissolution rate in-
creased with buffer capacity up to 2.3 mmol/l/pH ( fig. 2 ) 
and so might reach a maximum at a very low buffer ca-
pacity.

  Prediction of Erosive Potential 

 Correlations between chemical properties of products 
and erosive potential are particularly important since 
they might allow erosive potential to be predicted from 
chemical analysis of products. For practical purposes, it 
is desirable that the most important factors are identified, 
so that predictive tests can be restricted to those which 
yield the most information. Some studies have identified 
bivariate correlations between individual chemical prop-
erties and erosive potential [Mahoney et al., 2003; Jens-
dottir et al., 2005]. However, as Lussi and Jaeggi [1995] 
remarked, this approach can be misleading because of the 
possible interactions between variables, and a multivari-
ate approach should be adopted.

  Lussi et al. [1993] examined 14 drinks of various 
kinds. A multivariate statistical analysis suggested that 
pH, TA, phosphate concentration and fluoride concen-
tration (but not calcium concentration) were significant-
ly associated with softening (R 2  = 0.81). A later study 
[Lussi et al., 1995] suggested that this regression model 
had a useful predictive value for erosive potential of 
drinks. Such models could undoubtedly be further im-
proved. A review of the data indicates that in order to 
render regression models more realistic, non-linear rela-
tionships between some of the solution variables, espe-
cially the interactions with pH, should be taken into ac-
count. It is also likely that a model that provides accurate 
predictions for enamel erosion might not be applicable 
to dentine.
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  Fig. 2.  Dissolution rate of compressed HA discs in a range of acids 
at pH 3.3, plotted against buffer capacity. All acids were at con-
centrations which gave pH 3.3, without addition of acid or base, 
so the concentrations and hence buffer capacity varied. From the 
left the acids are: hydrochloric, phosphoric, citric, malic, acetic, 
lactic and propionic acid. 
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  Conclusions 

 The following points can be summarised regarding 
the action of erosive drinks:
  • The dominant factor in erosive dissolution is pH; 
 • Buffer capacity and fluoride concentration can have 

significant effects on erosive potential against enamel, 
but the effects are pH dependent. Likewise, the degree 
of saturation probably affects the rate of dissolution 
only over a certain range and the rate will probably 
reach a maximum at a limiting degree of saturation 
(possibly  ! 0.005). Calcium added to drinks at 5–10 
mmol/l strongly reduces erosive potential; 

 • The evidence with respect to phosphate is contradic-
tory, but on balance it is unlikely to reduce erosive po-
tential. Pectin, the plant gum most likely to occur in 
soft drinks, does not inhibit erosion; 

 • Dentine dissolution is less dependent on pH and
buffer capacity than enamel dissolution, and it does 
not necessarily erode faster; 

 • Compressed HA discs differ structurally from the 
dental tissues, thus they are only suitable for chemical 
analysis of erosion and differ quantitatively in dissolu-
tion behaviour, but they are useful models for prelim-
inary work on erosion. 
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