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Abstract
Objectives: The aim of this in-vitro study was to assess
the long-term effects of hydrochloric acid on the surface roughness of three all-ceramic restorative materials
CEREC VITABLOC ® Mark II CAD, IPS Empress CAD ® and
IPS e.max CAD®.
Materials and Methods: Six cylindrical specimens
(10mm diameter, 3mm height) of each material type were
prepared, using the CEREC CAD/CAM machine. The unpolished samples were immersed in 15ml hydrochloric acid
(pH 2) at 370C. Before immersion (baseline) and at periods
of 7.5 hours, 45 hours and 91 hours, the specimens were
removed from the acid and two randomised areas (10μm X
10μm) were selected and tested on each. The atomic force
microscope (Bruker Dimension icon) was used to assess
surface roughness and surface area at baseline and after
each exposure time. The materials were compared over
time with respect to surface roughness and surface area
(baseline, 1 month, 6 months, 1 year) in a repeated measures analysis of variance (ANOVA).
Results: Sample groups differed significantly for roughness (p<0.0001) and surface area (p<0.0001). For both
parameters a significant interaction also existed between
material and time (surface roughness: p=0.0085; surface
area: p=0.0014). CEREC VITABLOC® Mark II CAD and IPS
Empress CAD® had substantially higher levels of roughness
and surface area than IPS e.max CAD®, which was also affected to a lesser extent over time. Conclusion: The results
showed that IPS e.max CAD was least affected by long-term
exposure to hydrochloric acid.
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Clinical Significance: These results can aid the clinician
in choosing the appropriate materials for patients who are
bulimic or who suffer from gastro oesophageal reflux.
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INTRODUCTION
Tooth surface loss can be attributed to four main factors:
erosion, abrasion, attrition and abfraction. Dental erosion
was first reported in the 19th century, and can be defined
as “the loss of dental hard tissue through either chemical
etching or dissolution by acids of non-bacterial origin or chelation.”1 While certain countries have reported a decrease
in the prevalence of caries, others are experiencing an increase in erosion, making this a subject of interest amongst
the dental fraternity.1 The loss may be attributed to extrinsic
or intrinsic factors.2 The former include excessive intake of
fizzy drinks, fruit juices, sports drinks, acidic foods or medicaments, misuse of drugs, over-zealous oral hygiene practices and environmental influences. Enamel begins to show
signs of demineralization at a pH of 5.5, with dentine dematerializing at a higher pH.3 The intrinsic cause of loss of tooth
material is exposure to acid derived from within the body,
the main source being gastric acid that is regurgitated into
the oral cavity. This scenario is reportedly becoming more
frequent due to the increasing prevalence of bulimia nervosa
and gastro-oesophageal reflux disease (GERD).4
GERD is defined as a condition that develops when the reflux contents cause symptoms and complications.5 Obtaining accurate prevalence figures is difficult, as most results
are based on the assumption that heartburn or regurgitation
are the only indicators of the disease.6 However, patients
may present with clinical evidence of GERD and have no
such complaints of heartburn or regurgitation.7 GERD can
affect all age groups, with reported prevalence rates of 1.87.2 % in children (3 to 9 years old), and 3-5% in adolescents
(10 to 17 years old).8 Whilst prevalence rates of 10% to 20%
have been reported in the Western world, and a less than
5% occurrence in Asia, 6, no data appears to have been
derived for Africa.
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Bulimia nervosa is defined as a disorder associated with excessive concern about body weight and shape, binge eating, frequent self-purging and other inappropriate behaviour
to prevent weight gain.9 It is generally a disease of secrecy
and prevalence data are difficult to obtain as self-reporting
is inaccurate.10 Rates of 1-1.5% in woman have been reported,11 with lifetime rates of 1-3%.9 Males and children may
also be bulimic. An American study on 9 to 14 year old children found 7.1% of boys and 13.4% of girls had some form of
eating disorder.12 The binging and purging episodes are individual specific. On average, bulimics binge 1.4 to 1.6 times a
day and purge on average three times a day, exposing dentition and restorations to repeated episodic acid attacks.13,14
These purging sessions can last from two to fifteen minutes
and their duration is dependent on the individual.15
In both GERD and bulimia, the gastric acids cause softening of the tooth structure and erosion of the dental tissues
leading to irreversible loss of enamel and dentine. Prolonged
acid exposure results in loss of tooth lustre, appearance of
shallow concavities coronal to the CEJ, cusp tips becoming
rounder or cupped, edges of restorations appearing raised
above the level of the adjacent tooth structure, and in severe
cases there may be loss of vertical crown height.16 There
is also a decrease in the micro-hardness of enamel, which
makes the tooth structure more prone to other forms of
tooth-surface loss.16 It is for this reason that clinically erosion
is often accompanied by other forms of tooth wear. Clinical
manifestations of this type of dental erosion may only be
evident after regular acid contact several times a week for a
period of at least one to two years.17
Dental erosion is not only dependent on the frequency and
duration of vomiting or regurgitation but also on the oral hygiene practices of the patients following exposure to the acids, the degree of mineralisation, fluoride content of the tooth
structures, and the quantity and quality of secreted saliva.18
In both GERD and bulimia, the erosive lesions are located on
the palatal surfaces of the maxillary teeth (perimolysis).19,20 It
is usually the incisors that are the worst affected. In cases of
long-standing regular vomiting of longer than five years duration, lesions can be located on both the palatal and buccal
surfaces of the teeth.17 This makes the teeth more prone to
dental caries, and to fractures, leading to the need for extensive restorative work at an earlier age.4
A theory has been proposed to explain the erosive patterns
seen in gastro-oesophageal reflux disease (GERD).3 In the
early stages of the disease the damage is more pronounced
on the palatal surfaces of the maxillary teeth. This has been
attributed to the force with which the regurgitation passes from
the pharynx into the mouth, which results in a first contact with
the palatal surfaces of the maxillary teeth. The tongue may
also aid in maintaining acid contact with the tooth surfaces.
As with bulimia, saliva plays an important role in neutralising
and clearing the acidic content from the oral cavity, thereby
reducing its contact with the tooth surface. However, more
recent studies have shown that patients with GERD also have
associated saliva complications.21,22,23 A reduction in buffering capacity,21,22 reduced unstimulated salivary flow21,23, and
reduced saliva pH21 are some of the complications reported.
It can therefore be extrapolated that a deficit in saliva function
could contribute to the severity and rate of the erosion experienced in patients with GERD and bulimia.
Advances in technology and research on indirect toothcoloured restorative materials have led to the development
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of many new types of ceramics and manufacturing procedures. The all-ceramic materials are gaining popularity because of their excellent aesthetic properties in translucency
and good colour match to natural teeth, to their biocompatibility, and resistance to wear. In addition, patient concerns
about the possible adverse effects of metal restorations on
their health have increased the demand for metal free restorations.24-28
Considerable differences exist between ceramics due to
their different chemical composition and microstructure.13
McLaren and Cao29 proposed four categories, namely: glass
based systems (mostly silica); glass based systems with fillers (leucite or lithium); crystalline-based systems with glass
fillers (alumina); and polycrystalline solids (alumina and zirconia). All systems have both intrinsic and extrinsic factors that
contribute to their overall physical performance. The intrinsic
factors include: crystallinity; crystal-size geometry; modulus
of elasticity; phase transformation; and thermal expansion
mismatch.30 Extrinsic factors include: the oral environment;
humidity; pH; cyclic loading and peak loads.29 The durability of ceramics in the oral environment will be influenced by
their composition and microstructure as well as the acidity,
length of time of exposure and temperature of the chemical
agents present.13 Exposure of ceramics to erosive agents
leads to degradation of the material through selective leaching of alkaline ions leading to reduced stability, decreased
flexural strength, and potential for crack development and
propogation.31 Degradation of all-ceramic materials results in
a rougher surface, which will promote plaque accumulation
and cause increased wear of the opposing teeth. Change
in colour of the material can also occur following damage by
acid exposure.
CEREC VITABLOC® Mark II CAD is composed mainly of
silicon dioxide (silica or quartz) with varying amounts of alumina.29 It is reportedly the most abrasion-resistant dental
ceramic due to the small particle size (average 4μm) and the
sintering process.32 IPS Empress CAD® consists of leucitebased glass ceramic ingots that are processed using CAD/
CAM technology. This material has increased strength, and
reduced crack propogation.33 IPS e.max CAD® is a lithium
disilicate glass ceramic material, which has been designed
for the CAD/CAM technique and has high strength and edge
stability. Etching of the material results in dissolution of the
glassy phase.34
Degradation of dental ceramics can occur via mechanical or
chemical attack. Chemical degradation can result in selective leaching of alkaline metal ions from the ceramic materials.31 This degradation leads to change in surface topography, and can result in a rougher surface. This could have
side effects such as: increased abrasion of the opposing
tooth structure; increased plaque retention; and a release of
possible harmful concentration of elements due to abrasion
or dissolution.31,35
Surface profilometery has been the standard method for assessing surface roughness of dental materials.36,37 However,
the development of the Atomic Force Microscope (AFM) has
led to much more accurate, and less time-consuming assessment. Thus this study aimed to assess the long-term
effects of HCl on the surface roughness and surface area of
three all-ceramic restorative materials (CEREC VITABLOC®
Mark II CAD, IPS Empress CAD® and IPS e.max CAD®) using an AFM.
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MATERIALS AND METHODS
Three commonly used ceramics were selected to determine the effects of HCl on the surface roughness of each.
A total number of 18 discs were prepared, six for each material type. All samples were produced in one dental laboratory using the CEREC® inLAB MC XL CAD/CAM milling
unit, to assure consistent specimen size. They were milled
into discs of 10mm diameter and 3mm thick. All specimens
from each material type were placed in three volumetric
flasks (one for each sample type) with 15ml HCl (pH 2).
The flasks were placed into an incubator (Scientific Series
9000) at 37oC for the allocated times as follows: 7.5 hours
(representing one month of gastric acid exposure), 45
hours (representing six months of exposure) and 91 hours
(representing one year of exposure). These times were calculated on the assumption that a bulimic patient purges
three times a day 29,14 for an average of five minutes per
purge.15 Therefore, on average, teeth would be exposed to
gastric acid for 15 minutes a day.
After each time frame, all specimens were rinsed with distilled water and air dried, then placed in a desiccator to remove any liquid remnants that might interfere with the AFM
analysis. Two randomised areas (10μm X 10μm) were selected on each sample and analysed using the AFM microscope (Bruker Dimension icon) to obtain values for mean
surface roughness (Ra) and mean surface area. The AFM
functions via a laser beam (Figure 1), which scans the specified dimensions (10μm X 10μm) and transfers this information to the computerized software (NanoScope Analysis).
This software automatically calculated the scanning results
for mean surface roughness and mean surface area, and
these figures were analysed statistically. With each new exposure time frame, a fresh batch of acid (pH 2) was used
and tested to ensure the correct pH was maintained.

RESULTS
The three ceramics were compared with respect to surface
roughness (ηm) and surface area (μm2) over time (baseline,
1 month, 6 months and 12 months) in a repeated measures
analysis of variance (ANOVA) test.
The materials differ significantly (p<0.0001) from each other
for surface roughness, and materials and time also interacted significantly (p=0.0085) (Table 1 & Figure 2). Thus the
differences between materials needs to be interpreted with
caution. The IPS e.max CAD® had significantly lower mean
surface roughness values than CEREC VITABLOC® Mark
II CAD and IPS Empress CAD®. These latter two materials
also do not seem to differ with respect to mean surface
roughness but do display an interaction over time, particularly at 1 and 12 months.

Figure 1: Sample placed on the mounting plate for evaluation.

Figure 2: Mean surface roughness of material over time.

Figures 3 (A-D) represent a three-dimensional (3-D) graphic
representation of the samples to visually assess the changes in surface roughness for each sample after each treatment time.
For the IPS e.max CAD® samples, mean surface roughness readings of 42.375ηm (9.967), 94.708ηm (57.938),
52.308ηm (37.319) and 25.133ηm (7.656) were obtained
for baseline, 1 month, 6 month and 12 months respectively (Figure 4). It had an overall mean surface roughness of
53.631ηm (41.862) making it the best performing material
tested (i.e. least amount of erosion).
For the IPS Empress CAD® samples, mean roughness
readings of 391.667ηm (86.204), 268.500ηm (103.119),
437.167ηm (194.623) and 239.750ηm (124.166) were obtained at baseline, 1 month, 6 months and 12 months respectively. These results had a distinctive pattern (Figure 5),
in that after the first exposure time they showed a reduction
of roughness (except sample 6) followed by an increase in
roughness and finally another reduction (except sample 5).
Sample 5 differed in that it showed a pattern of increase

Table 1: Mean surface roughness (ηm) and standard deviation over time
Materials
Time

IPS e.max CAD®

IPS Empress CAD®

CEREC VITABLOC®
Mark II CAD

Total

Baseline

42.375 (9.967)

391.667 (86.204)

342.333 (136.457)

258.792 (181.429)

1 month

94.708 (57.938)

268.500 (103.119)

488.333 (184.096)

283.847 (203.838)

6 months

52.308 (37.319)

437.167 (194.623)

320.917 (76.405)

270.131 (201.918)

12 months

25.133 (7.656)

239.750 (124.166)

369.817 (126.236)

211.567 (175.000)

Total

53.631 (41.862)

334.271 (150.311)

380.350 (143.242)

256.084 (188.877)
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Figure 4: IPS e.max CAD® samples average surface roughness (ηm) over time tested

C

Figure 5: IPS Empress CAD® samples average surface roughness (ηm) over time tested

D

Figure 3 (A-D): 3-D graphic representation of surface morphology of the roughest IPS e.max CAD® sample at baseline (A),
after 7.5 hours (B), after 45 hours (C) and after 91 hours (D).

Figure 6: CEREC VITABLOC® Mark II CAD samples average surface roughness (ηm) over time
tested

after the last exposure time frame. Sample 6, after the 6
months exposure time frame showed a very marked increase in surface roughness, which is inexplicable. A mean
overall surface roughness recorded for IPS Empress CAD®
was 334.271ηm (150.311).
The CEREC VITABLOC® Mark II CAD had a reverse pattern when compared to IPS Empress CAD®, with mean
roughness readings of 342.333ηm (136.457), 488.333ηm
(184.096), 320.917ηm (76.405) and 369.817ηm (126.236) at
baseline, 1 month, 6 months and 12 months respectively
(Figure 6). With some exceptions (samples 1 and 5) roughness tended to increase initially, and then decrease, followed
by a further increase. A mean overall surface roughness of

380.350ηm (143.242) was recorded making it the worst of
all the materials.
The ANOVA assessment for mean surface area (Table 2)
showed similar outcomes as those of mean surface roughness. The materials differed significantly (p<0.0001) with
respect to surface area and that the interaction of materials
over time was also significant (p=0.0014). However, once
again, the differences between the materials over time need
to be interpreted with caution.
A comparison of the results for both surface area and surface
roughness showed that there is a linear correlation between
both entities. Therefore, if surface area increased, surface

<

109

110 > research

Table 2: Mean surface area (μm2) and standard deviation over time
Materials
Time

IPS e.max CAD®

IPS Empress CAD®

CEREC VITABLOC®
Mark II CAD

Total

Baseline

101.500 (0.775)

133.000 (19.537)

122.917 (0.096)

119.139 (17.873)

1 month

106.917 (3.368)

126.417 (13.959)

156.333 (22.833)

129.889 (25.521)

6 months

104.500 (3.674)

138.250 (12.825)

122.250 (8.448)

121.667 (16.569)

12 months

103.000 (1.949)

135.083 (12.407)

151.083 (16.129)

129.722 (23.369)

Total

103.979 (3.245)

133.188 (14.634)

138.146 (21.442)

125.104 (21.264)

roughness also increased. The results obtained show that
IPS e.max CAD® is the least affected by acid exposure in
respect of surface roughness and surface area.

DISCUSSION
Patient’s aesthetic demands and expectations as well as
new material choices and manufacturing techniques are
major driving forces behind material selection when restoring teeth. As such many of the newly developed ceramics
are being more frequently used, especially those manufactured using CAD CAM technology. Very few studies have
been done to test the effects of simulated gastric acid on
these ceramic restorative materials. Matsou et al. 35 exposed three different ceramic materials to a pH solution of
3.8 for 24 hours at 370C. They also used AFM to analyze
the samples, but found no statistical significant differences
between the materials after acid exposure. However a major shortcoming of their experiment was the short exposure
time, which was not a cumulative 24 hours, but rather a simulated vomiting exposure over 24 hours. The present study
used cumulative exposure times and an acidic solution with
a lower pH to mimic the oral conditions more closely.
Materials that contain glass particles are prone to acid dissolution of these particles that may result in their having a
decrease flexural strength.33,34 All the materials tested in this
study contained glass particles of varying sizes, ranging
from 4μm, for CEREC VITABLOC® Mark II CAD, 1-5 μm for
IPS Empress CAD® and the smallest of 0.2-1.0μm for IPS
e.max CAD®.32,33,34 It can be hypothesized that the dissolution of these particles will result in surface defects correlating to the sizes of the particles lost. This study confirmed
that assumption with both CEREC VITABLOC® Mark II CAD
and IPS Empress CAD® having similar surface roughness
results and IPS e.max CAD® showing the smallest changes
in surface roughness.
A linear relationship was observed between surface area
and surface roughness. It can be hypothesised that following the erosive pattern seen for IPS e.max CAD® a possible
continuation of the decrease of the surface area will follow
over a longer time period, resulting in a ‘smoother’ material. Therefore, one can expect IPS e.max CAD® to have the
least amount of abrasiveness and plaque retentitive potential
when compared with the other two tested materials.
On completion of the study, IPS Empress CAD® results
also ended on a downward trend. However, the results obtained for this material were significantly higher than the IPS
e.max CAD®. (Mean surface area of 135.083μm2 (12.407)
and roughness of 239.750ηm (124.166) for the IPS Empress
CAD® compared with 103μm2 (1.949) and 25.133ηm (7.656)
respectively for the IPS e.max CAD®.

The poorest performing material was CEREC VITABLOC®
Mark II CAD. On completion of the study the results obtained were 151.083μm2 (16.129) and 369.817ηm (126.236)
for the mean surface area and mean surface roughness
respectively. It can therefore be hypothesized that CEREC
VITABLOC® Mark II CAD will have the most abrasive and
plaque accumulating characteristics post-acid exposure of
the three materials tested. Based on these results it would
also be the least suitable material for restorations in patients
with bulimia or GERD, while IPS e.max CAD® would be the
best choice.

CONCLUSION
Within the limitations of this study, it was shown that IPS
e.max CAD® had the least mean surface roughness after
long-term exposure to acids. CEREC VITABLOC® Mark II
CAD showed the worst overall results. Clinically, IPS e.max
CAD® would be the superior choice of material for patients
with bulimia and GERD.
The poor performance of CEREC VITABLOC® Mark II CAD
could be attributed to the composition of the material and
needs further investigation. Further studies are also needed
to assess whether glazing and/or polishing has a retardant
effect on the erosive potential of gastric acids on all-ceramic materials as well as in-vivo effects of these changes on
surface roughness of the ceramic material on the opposing
dentition and on plaque and bacteria accumulation.
Declaration - No conflict of interest declared.
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Dental photography made easy
Rita summarised the power of the camera in
her description of the courses she offered:
“A picture truly says a thousand words
when it is used as a communication tool
and helps your patient understand their
condition, achieve better patient compliance in their oral hygiene and help them
understand and accept their proposed
treatment plan. Patient records for treatment planning are essential, but so are the
“feel good” images we create to communicate with our patients. Understanding
the reasons of what a good clinical photograph needs to show in order to be useful
for treatment planning and patient documentation is the first step to becoming a
great clinical photographer.”
Equipment choices, camera set up, the
right accessories and proper patient positioning demonstrated how efficiently excellent clinical photographic techniques
could be incorporated into a busy practise
day. The presentation gave a beginner the
confidence to start patient photography
with good technical skills while the experienced photographer went away with some
“pearls” to improve on his/her daily routine.
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