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Objectives: Designing in situ models for caries research is a demanding procedure, as
both clinical and laboratory parameters need to be incorporated in a single study. This
study aimed to construct an informative guideline for planning in situ models relevant
to preexisting caries studies. Materials and Methods: An electronic literature search of
the PubMed database was performed. A total 191 of full articles written in English were
included and data were extracted from materials and methods. Multiple variables were
analyzed in relation to the publication types, participant characteristics, specimen and
appliance factors, and other conditions. Frequencies and percentages were displayed to
summarize the data and the Pearson’s chi-square test was used to assess a statistical
significance (p < 0.05). Results: There were many parameters commonly included
in the majority of in situ models such as inclusion criteria, sample sizes, sample
allocation methods, tooth types, intraoral appliance types, sterilization methods, study
periods, outcome measures, experimental interventions, etc. Interrelationships existed
between the main research topics and some parameters (outcome measures and sample
allocation methods) among the evaluated articles. Conclusions: It will be possible to
establish standardized in situ protocols according to the research topics. Furthermore,
data collaboration from comparable studies would be enhanced by homogeneous study
designs. (Restor Dent Endod 2014;39(3):164-171)
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Introduction

Dental caries is a dynamic disease, governed by multiple contributing factors under
individual circumstances. In situ models are useful as surrogate models of large-scaled,
randomized controlled clinical trials (RCT) in caries studies.’ To achieve a high level of
clinical relevance, in situ models need to simulate uncontrolled intraoral conditions,
incorporating highly-controlled experimental parameters.’ Since multiple combinations
of natural and experimental variables are included in in situ models, the study designs
are complicated under various limitations. Additional factors are related to the power
of analysis, such as sample sizes and sample allocation methods."* Compared to RCT,
in situ models require a relatively small group of participants. However, a high degree
of compliance with precisely-defined protocols is crucial. Designing optimized in situ
models is a demanding step for researchers, who often refer to published literature
with a similar topic and interest to their own. However, there are numerous protocols
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involving various parameters in in situ set-ups, resulting in
reader confusion. For study design and evidence seeking,
there is uncertainty in how to correlate dissimilar outcomes
among each other which were produced from different
experimental conditions.

The aim of this study was to analyze the pre-existing
protocols of in situ caries models and to provide an
informative guideline for study planning. We evaluated
published articles, focusing on materials and methods. We
organized parameters implemented in each in situ model to
validate its methodological aspect. Our reasoning was that
there would be some conditions and factors frequently used
in current in situ caries models and that would be largely
applicable to future studies. Furthermore, in situ studies
can be performed in closely-related standardized manners.
The data interpretation and application can be enhanced
to increase our knowledge in the area of cariology.

Materials and Methods

A search was performed using the online PubMed
database with the following keywords, (in situ) AND
(enamel OR dentin OR caries OR demineralization OR
remineralization OR erosion). The initial search identified
265 titles and abstracts on March 25, 2013. Original full
articles written in English were included and screened by
two independent investigators (Figure 1). The primary
screening excluded twenty articles because (1) the
studies were not performed on in situ models (n = 13)
and (2) only abstracts were available (n = 7). Secondary
screening included articles within the scope of cariology,
excluding 54 articles in the following areas, (1) medical

Initial search:
265 titles and abstracts in English

A4
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fields (ophthalmology, urology, or others, n = 9), (2)
dental fields other than cariology (prosthodontics or
periodontology, n = 15), (3) tooth whitening focused only
on color changes (n = 10), (4) dental materials without
teeth involved (n = 9), (5) hypersensitivity treatment
involving dentinal tubule occlusion (n = 7), and (6) biofilm
evaluation without teeth involved (n = 4). A total of 191
articles published in 35 journals were reviewed for analysis
(Table 1). One investigator produced a data formulation
sheet, while the other investigator independently filled
the sheet with information from ten randomly selected
articles.” Assessment and agreement were reached
between the two investigators during the preliminary
procedure. The extracted data from the included articles
were organized according to the following factors, (1)
publication types: publication years and main topics
(demineralization, remineralization, erosion, and others),
(2) study population: participant background, inclusion
criteria, sample sizes, sample size justification, and sample
allocation methods, (3) specimens and appliances: tooth
types, specimen numbers, intraoral appliance types, and
sterilization methods, and (4) other protocols: appliance-
wearing periods, wash-out periods, supervising methods,
experimental interventions, and outcome measures.
Frequencies and percentages of the articles were displayed
according to the publication types, characteristics of the
population, factors on the specimens and appliances, and
other protocol types. Pearson’s chi-square test was used
to assess statistical significance at a type one error rate
of 0.05. The statistical software SPSS 12.0 (SPSS Inc.,
Chicago, IL, USA) was used in the analysis procedure.

Reasons for exclusion:
> No 7n situ models (13)
Only abstracts available (7)

Primary screening:
20 articles excluded

A

Reasons for exclusion:
Medical fields (ophthalmology, urology, etc.) (9)
Other dental fields (prosthodontics, periodontology) (15)
Tooth whitening focused on color change (10)
3 Dental materials without tooth involvement (9)
Data extraction: Hypersensitivity treatment with tubular occlusion (7)
191 articles included Biofilm without tooth involvement (4)
for data extraction

Secondary screening:
54 articles excluded

Figure 1. Flowchart of the data extraction process.
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Results
Publication types

The journals with in situ studies published are listed in
Table 1. Caries Research was the journal with the highest

Table 1. The list of journals with publications of in situ caries
studies included in the study

Journal name No. of articles

Acta Odontologica Scandinavica 4
Advanced Dental Research
American Journal of Dentistry
Archive of Oral Biology
Australian Dental Journal
BMC Oral Health

Brazilian Dental Journal
Brazilian Oral Research

= N W L, N 0 00 -

British Dental Journal

(o))
w

Caries Research

Clinical Oral Investigation

Dental Materials

European Journal of Oral Science
European Journal of Orthodontics

N P, OO L, O

International Dental Journal

International Journal of Paediatric
Dentistry

Journal of Adhesive Dentistry

[N

Journal of American Dental Association
Journal of Applied Oral Science

Journal of Clinical Dentistry

Journal of Clinical Pediatric Dentistry
Journal of Clinical Periodontology
Journal of Colloid and Interface Science

[ N = N I CCRE N Qe

Journal of Dairy Research

n
[e)]

Journal of Dentistry

~nN
n

Journal of Dental Research
Journal of Oral Science

Journal of Oral Rehabilitation
Lasers in Surgery and Medicine
Operative Dentistry

Oral Health &Preventive Dentistry
Pediatric Dentistry
Photomedicine and Laser Surgery

L S =

Quintessence International
Total 191
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number of articles of published in situ caries studies (n =
63, 33.0%). The yearly distribution of publications of in
situ caries studies according to their main topics is shown
in Figure 2.

Study population

The most frequently applied inclusion criterion was
normal salivary function of the participants (87 articles,
Table 2). The next most common criteria were the general
health of the participants (83 articles), followed by the
dental status of the participants (74 articles). The selected
numbers of participants for each study ranged from 10
to 14 in 96 studies (50.3%, Table 3). Larger groups of
participants (> 25) were included in 28 studies (14.7%).
Sample size justification was stated in 42 articles (22.0%).
There was no significant correlation between the proof of
sample size justification and the numbers of participants
or specimens. Sample allocation was randomized in 76
studies (40.0%), and cross-over was done in 145 studies
(76.0%, Table 4). While significantly smaller percentages
of randomized trials were performed in studies with the
topic of demineralization (26.8%), significantly larger

25
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20 e e
@ Remineralization
. W Demineralization
@
gg 15
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k=)
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£ 10 §§4‘* — N N N\
=
N
5
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Year

Figure 2. Number of in situ caries studies published from
2003 to 2012 according to the main topics.
Demineralization, only demineralization of tooth was
dealt in the study; Remineralization, remineralization of
tooth was included in the study (whether demineralization
was included or not), but erosion was not included;
Erosion, erosion was included whether other topics were
included or not; Others, articles in this category mainly
dealt with the abrasive effects of dental products such as
toothpastes and tooth whitening agents.
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Table 2. Frequently applied inclusion criteria in the in situ caries models

Order Inclusion criteria* Examples F"(';Q:egg);*
1 Salivary function Normal salivary flow rate (stimulated, > 1 mL/min; unstimulated, > 0.2 mL/min) 87
2 General health No systemic diseases 83
3 Dental status No active caries and no ongoing dental treatment 74
4 Medication No medication with potential influence of salivary function 67
5  Periodontal status No periodontal disease 62
6  Remaining dentition  Not less than 20 natural teeth 45
7  Other oral pathology Good oral health or no oral pathology 41
8  Prosthesis No removable dentures or orthodontic devices 33
9 Age Not less than 18 yr 25
10 Pregnancy No pregnant or nursing women 23
11 Compliance Ability to comply with the experimental protocols 22
Others No smoking, no tooth wear or erosjqn, inability to wear intraoral appliances, 98
no allergy to dental materials, additional fluoride use, etc
* Inclusion criteria were stated in 159 articles, and no criteria were stated in 32 articles.
**All inclusion criteria were counted in the evaluated articles.
Table 3. Numbers of articles included in the study according to the number of participants and specimens
Sample size Number of participants included in each study
justification 0-4 5-9 10 - 14 15 - 19 > 20 Total (%) p value*
Yes 1 6 18 6 11 42 (22.0)
No 1 18 78 25 27 149 (78.0) 0.587
Total 2 (1.0) 24 (12.6) 96 (50.3) 31 (16.2) 38 (19.9) 191 (100)
Sample size Number of specimens included in each appliance
justification 1 2 3-4 5-6 >7-8 Total (%) p value
Yes 1 9 16 6 10 42 (22.0)
No 7 47 52 18 25 149 (78.0) 0.615
Total 8 (4.2) 56 (29.3) 68 (35.6) 24 (12.6) 35 (18.3) 191 (100)
*p value by the Pearson chi-square test.
Table 4. Numbers of articles (%) according to the sample allocation methods
. Main topic 5
Sample allocation . L. . L. X p value
Demineralization Remineralization Erosion Others Total (n = 191)
Randomized 7€ 11 (26.8) 38 (49.3) 22 (42.3) 5 (50.0) 76 (39.8) 0011
No or N/S* 41 (73.2) 39 (50.7) 30 (57.7) 5 (50.0) 115 (60.2)
Cossover | YES 38 (73.1) 59 (76.6) 42 (80.8) 6 (60.0) 145 (75.9) 0511
No or N/S 14 (26.9) 18 (23.4) 10 (19.2) 4 (40.0) 46 (24.1)
Single 16 (30.8) 12 (15.6) 18 (34.6) 3 (30.0) 49 (25.7)
Blinded Dc?uble 13 (25.0) 40 (51.9) 13 (25.0) 1 (10.0) 67 (35.1) 0.026"
Triple 3 (6.8) 0 (0.0) 0 (0.0) 1 (10.0) 4 (2.1)
No or N/S 20 (38.4) 25 (32.5) 21 (40.4) 5 (50.0) 71 (37.1)
Total 52 (27.2) 77 (40.4) 52 (27.2) 10 (5.2) 191 (100)
*Not specified.

%p values by the Pearson’s chi-square test.
*Frequencies in column of ‘Double” and “Triple’ were collapsed in statistical analysis to reduce cells with small expected numbers.
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percentages of those were done in studies with the topics
of remineralization (49.3%), erosion (42.3%), and other
(50%, p < 0.05). The proportions of cross-over designs
were similar across the main topics (p > 0.05). Double- or
triple- blinded experiments were performed more frequently
in the remineralization studies compared to studies with
other topics (p < 0.05). The vast majority of studies (83.8%)
did not state who comprised the study participants.
Participants were staff or students from dental schools
in 22 studies (11.5%) and dental patients in six studies
(3.1%), while public recruiting occurred in two studies (data
not shown).

Specimens and appliances

The numbers of tooth specimens embedded in a
single appliance were mostly 2 to 4 (64.9%, Table 3).

Restorative Dentistry & Endodontics RD E

Removable types of intraoral appliances were applied in
172 studies (90.0%, Table 5). Among the 18 studies that
used fixed appliances, lower molars were used in nine. A
total of 128 in situ studies used human teeth (67.0%),
particularly third molars (68 studies, 35.6%, Table 6).
Bovine incisors were used in 63 studies (33.0%). Storage
of teeth in formaldehyde was the most common method
for sterilization (24.0%), followed by thymol (16.2%) and
ethylene oxide (12.7%). Sterilization methods were not
significantly different between human and bovine teeth.

Other protocols

The period of wearing appliances ranged from four to
eight weeks in 55 studies (28.8%, Table 7). The total
period of a study including a wash-out period was from
four to eight weeks in 60 studies (31.4%). A wash-out

Table 5. Numbers of articles included in the study according to the types and positions of the intraoral appliances

Types of intraoral appliance

. . Removable Fixed
Main topic
. . Molars Others N/S*
Maxillary Mandibular  Both Others
upper lower upper lower

Demineralization 33 10 2 2 1 2 0 1 1
Remineralization 28 26 3 6 5 7 0 2 0
Erosion 46 3 2 1 0 0 0 0 0
Others 8 2 0 0 0 0 0 0 0
Total (n = 191) 115 41 7 9 6 9 0 3 1
*Not specified.

Table 6. Number of articles (%) according to the sterilization methods in in situ models using human and bovine teeth

Origin of tooth specimen

Sterilization methods* Total L.
Human (n = 128)"  Bovine incisors (n = 63) p value*
Formaldehyde 49 (24.0) 29 (21.2) 20 (29.9)
Thymol 33 (16.2) 22 (16.1) 11 (16.4)
Ethylene oxide 26 (12.7) 17 (12.4) 9 (13.4)
Gamma irradiation 18 (8.8) 9 (6.6) 9 (13.4) 0.173
Autoclaving 6 (2.9) 6 (4.4) 0 (0.0)
Sodium hypochlorite 15 (7.4) 12 (8.8) 3 (4.5)
Not stated 57 (28.0) 42 (30.7) 15 (22.4)
Total 204 (100.0) 137 (67.2) 67 (32.8)

*One or more sterilization procedures were used for an experiment.

“p value by the Pearson chi-square test.

'0ne hundred and twenty-eight studies used human teeth comprising incisors (n = 2), premolars (n = 42), third molars (n = 68),

and unspecified teeth (n = 16).
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period was applied in 110 studies (57.6%), usually for less
than two weeks (68 studies). A total study period including
a wash-out period was longer than four weeks in 127
studies (66.5%). The most frequently applied experimental
intervention was dentifrice (67 studies), followed by
mouthrinse (27 studies), drinks (22 studies), and chewing
gum (16 studies, Table 8).

Additional descriptions were given on supervising
methods for participant’s compliance such as, (1) records
or diaries (24 studies), (2) questionnaires or letters (15
studies), (3) check-up of the amount of materials used

Systematic review of in situ caries models

(toothpaste, mouthrinse, or others, five studies), and
(4) measurements of salivary fluoride (two studies). No
description was given on the supervising procedures in 153
studies.

For an assessment of the experimental outcomes, a
surface or cross-sectional microhardness test was most
commonly used (74 studies), followed by transmitted
microradiography (TMR, 65 studies, Table 9). TMR was the
most commonly chosen technique in the remineralization
studies (42.1%), and profilometry was mostly used in the
erosion studies (54.4%).

Table 7. Numbers of articles (%) according to the wearing duration of the intraoral appliances

. 1-14day, 15-28day, 29-56day, 57 - 84 day, > 85 day,
Duration 0 day < 2 wk 2- 4wk 4- 8wk 8-12wk  >12 wk
I,‘:tfll";i‘;””g period 0 (0) 52 (27.2) 38 (19.9) 55 (28.8) 25 (13.1) 21 (11.0)

?:t:f)ec‘ﬁed 0 (0) 3 (1.6) 1(0.5) 1 (0.5) 0 (0) 2 (1.0)

E;‘tdlagﬁgzz' hn) 0 (0) 25 (13.1) 29 (15.2) 35 (18.3) 19 (9.9) 18 (9.4)

gkl ek (2 o) 0 (0) 6 (3.1) 6 (3.1) 7 (3.7) 5 (2.6) 0 (0)

(n=24)

(P;r:‘;zglay (= 5hn) 0 (0) 18 (9.4) 2 (1.0) 12 (6.3) 1(0.5) 1(0.5)
Igtjll";is)h"’“t period g1 (45,4 68 (35.6) 30 (15.7) 10 (5.2) 1(0.5) 1(0.5)
Igt:llsgt‘;;jy period 0 (0) 29 (15.2) 35 (18.3) 60 (31.4) 36 (18.8) 31 (16.2)
Table 8. Frequently applied experimental interventions

Number of articles
Order  Experimental intervention* Main topic Total
Demineralization Remineralization Erosion Others (n = 208)

1 Dentifrice 12 30 17 8 67

2 Mouth-rinsing solution 7 9 11 0 27

3 Cola, juice, or other drinks 1 1 19 1 22

4 Chewing gum 0 15 1 0 16

5 Restorative materials 9 5 1 0 15

6 Sucrose solution 8 0 2 0 10

7 Gel 4 2 1 0 7

8 Plaque 0 7 0 0 7

9 Varnish 1 3 4 0 8

10 Others 14 8 6 1 29
*One or more experimental interventions were used for an experiment.
http://dx.doi.org/10.5395/rde.2014.39.3.164 www.rde.ac 169
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Table 9. Numbers of articles (%) according to the evaluation techniques of the experimental outcomes

Evaluation techniques”

Main topic

SMH TMR  Profilometry Fluoride PLM SEM QLF Others* Total
Demineralization 26 16 0 12 4 0 24 89
Remineralization 20 48 1 23 3 11 114
Erosion 21 1 37 1 5 0 68
Others 7 0 6 0 0 13
Total 74 65 44 36 14 10 3 38 284

*Ca analysis, ion chromatography, microbial analysis, atomic force microscope, etc.
y

* One or more evaluation techniques were used for an experiment.

SMH, surface microhardness test; TMR, transmitted microradiography; PLM, polarized light microscopy; SEM, scanning electron

microscopy; QLF, quantitative light-induced fluorescence.

Discussion

The application of in situ models in a caries study is
an interim method between clinical trials and laboratory
experiments, which provides many advantages. RCT usually
offers the highest level of evidence, but there are some
parameters that need to be optimized, but are not easily
applicable. Moreover, the prevalence of dental caries has
decreased worldwide in the past few decades. In RCT, a
very large number of subjects are required to be studied
for a long period of time in order to determine the effect
of a certain intervention. Alternatively, in situ studies
can be conducted with a small group of participants in a
much shorter period of time, imposing many controllable
variables.’ It is essential for in situ studies to construct a
protocol appropriate for a specific clinical question in a
practical way. Researchers usually rely on references chosen
from their own perspectives. Often, various protocols are
produced by their value judgments which are personal and
subjective preferences under individual circumstances.>’
We thought that it was necessary to collect and evaluate
preexisting protocols to overcome the methodological
heterogeneity in in situ caries models. This evaluation may
not help academic or clinical experts perform caries studies
specifically for their elaborated hypotheses. More likely, the
information would provide guiding information for young
researchers or clinicians who want to solve their academic
questions in a more clinically relevant way than through
laboratory experiments.

We categorized the included articles according to
the main topic of the articles. We selected three major
issues among the published articles (demineralization,
remineralization, and erosion), and 95% of the articles in
the review fell to these three topics. The remineralization
and erosion topics seemed to have gained interest during

170 www.rde.ac

the past decade (Figure 2). The relationships between the
research topics and their experimental protocols were not
remarkable even though the outcome measurement of the
studies differed in relation to their topics. An extent of
remineralization was mainly assessed using TMR, which
showed the cross-sectional topography of the tooth
specimens with changes in the demineralized subsurface
areas. In the erosion study, profilometry and microhardness
tests were exclusively applied to investigate the superficial
characteristics.

One of the main barriers in carrying out in situ
studies may be recruiting the appropriate number of
participants. Only a few articles mentioned the source of
the participants. The study groups mostly consisted of a
dental-related population that, from many perspectives,
was not representative of the general public. This reflected
difficulties in collecting volunteers who are willing
to follow intricate instructions and tolerate possible
discomforts. Even with recruiting, the ability to maintain
the compliance of the participants throughout an entire
trial is another concern. Only a limited number of studies
mentioned this issue, but did not go into details. The
number of participants required is also important for study
preparation. Sample size calculation plays a critical role
in detecting clinically important differences in trials.’
Although dissimilar outcome measurements were chosen
by each individual study, the number of participants
mostly ranged from 10 to 14. Most articles did not
disclose sample size justification. The numbers of tooth
specimens embedded in a single appliance were 2 to 4
in 65% of the studies, which seemed to make specimen
preparation technically feasible. The next step may be
to determine how to fabricate intraoral appliances. The
appliances should be appropriate for participants’ safety
and comfort with all specimens securely fixed. Regardless
of the research topics, the most common prototype was

http://dx.doi.org/10.5395/rde.2014.39.3.164
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a removable maxillary appliance. Conventional holly-
typed metal appliances tended to be replaced into acrylic
palatal appliances.” With an increasing number of in situ
bleaching studies, soft bleaching trays were also modified
with palatal extensions.' The sterilization method of the
tooth specimens is another issue, since the biological
tissues obtained from other donors were attached to the
intraoral appliances. In addition, it would produce a mental
barrier for some appliance-wearers. Some institutional
review boards only allowed for the participants to wear
the appliance including tooth slabs provided from the
same individual, which made it more challenging to recruit
participants. The sterilization method that was primarily
used was immersion of teeth in sterilizing media such as
formaldehyde or thymol. Ethylene oxide gas and gamma
radiation were also used, but those frequencies were low
due to the additional costs and facilities required. It may
be more important to eliminate the soft tissue from the
tooth specimens versus using a specific disinfectant."
However, only a few articles had mentioned removing
pulpal tissue and periodontal ligament during specimen
preparation. The risk of prion transmission through dental
tissue had not been clearly established and was only a
potential concern.™ Based on our analysis, the sterilization
methods were not significantly different whether human or
bovine teeth were used. The period of wearing appliance
was also crucial to obtain participants” consent. A large
proportion of studies introduced a wash-out period,
providing baseline observations before entering a trial,
or eliminating any effects from predisposed interventions
in crossover studies. Wash-out periods extended the total
study periods by one to four weeks, and the whole study
periods were longer than four weeks in 67% of the studies.

This study only analyzed the methodological aspects from
the reviewed articles. It is different from conventional
systematic reviews or meta-analyses which summarize the
results of the included studies. However, according to the
current terminology used for a systematic review, it was
denoted as a review of a clearly formulated question using
systematic and explicit methods by collecting and analyzing
data from publications.'? Our research question was
whether any parameters or conditions had been commonly
included in the previous protocols of the in situ caries
studies. Even on our attempts of gathering comprehensive
information, data extraction from the reviewed articles
may be incomplete, leaving some other variables without
consideration. A future systematic review should include
as many relevant variables as possible to constitute the
integration of an in situ model. With accumulation of
data produced from standardized protocols, an effect size
from each variable can be easily calculated for statistical
analyses. A complete form of meta-analysis can then be
achieved.

http://dx.doi.org/10.5395/rde.2014.39.3.164
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Conclusions

There was a large variation in in situ caries models.
However, multiple parameters were found to be largely
chosen by the majority of the studies. For future in
situ caries studies, more standardized protocols can be
formulated based on those major parameters.

Conflict of Interest: No potential conflict of interest
relevant to this article was reported.

References

1. Cochrane NJ, Zero DT, Reynolds EC. Remineralization
models. Adv Dent Res 2012;24:129-132.

2. Zero DT. In situ caries models. Adv Dent Res 1995;9:214-
230.

3. Higham SM, Pretty IA, Edgar WM, Smith PW. The use of
in situ models and QLF for the study of coronal caries. J
Dent 2005;33:235-241.

4. Ritter AV, Shugars DA, Bader JD. Root caries risk
indicators: a systematic review of risk models.
Community Dent Oral Epidemiol 2010;38:383-397.

5. Park SE, Yi K, Kim HY, Son HH, Chang J. Elemental
analysis of the fluoride varnish effects on root caries
initiation. J Korean Acad Conserv Dent 2011;36:290-
299.

6. Park YS, Cho BH, Lee SP, Shon WJ. Early caries detection
using optical coherence tomography: a review of the
literature. J Korean Acad Conserv Dent 2011;36:367-376.

7. Strech D, Tilburt J. Value judgments in the analysis and
synthesis of evidence. J Clin Epidemiol 2008;61:521-
524.

8. Sakpal TV. Sample size estimation in clinical trial.
Perspect Clin Res 2010;1:67-69.

9. de Arruda AM, dos Santos PH, Sundfeld RH, Berger
SB, Briso AL. Effect of hydrogen peroxide at 35% on
the morphology of enamel and interference in the de-
remineralization process: an in situ study. Oper Dent
2012;37:518-525.

10.Sa Y, Sun L, Wang Z, Ma X, Liang S, Xing W, Jiang T,
Wang Y. Effects of two in-office bleaching agents with
different pH on the structure of human enamel: an in
situ and in vitro study. Oper Dent 2013;38:100-110.

11.Shellis RP, Ganss C, Ren Y, Zero DT, Lussi A.
Methodology and models in erosion research: discussion
and conclusions. Caries Res 2011;45(Supplement 1):69-
77.

12.Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. J Clin
Epidemiol 2009;62:1006-1012.

www.rde.ac 171





