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a  b  s  t  r  a  c  t

Remineralization  treatment,  which  offers  the  advantage  of  being  non-invasive,  is increasingly  being  used
as a minimal  intervention  treatment  in  managing  incipient  enamel  caries.  The  aim  of this  review  was  to
develop  EBM  guideline  for  optimized  strategies  for non-invasive  treatment  of  incipient  enamel  caries.

Japanese  Society  of Conservative  Dentistry  (JSCD)  guideline  committee  formulated  a Guideline  for
treating  incipient  enamel  caries  using  the  GRADE  system,  which  is the  global,  mainstream  standard
for  guideline  development.  The  committee  selected  the  most  frequent  clinical  questions  (CQs)  in  treat-
ing  incipient  enamel  caries  and  identified  clinically  important  outcomes  in  evaluating  the  efficacy  of
treatments.  Using extensive  electronic  and  manual  searches,  relevant  randomized  controlled  trials  and
controlled  clinical  trials  were  identified.  Based  on  evidence  profiles  produced  by  the  committee,  the  panel
discussed  the  effects,  benefits  and  disadvantages  of  the  selected  treatments,  as  well  as  their  cost  effective-
Topical fluoride ness  and feasibility,  in order  to achieve  a consensus  in  treating  incipient  enamel  caries  non-invasively.  A
recommendation  was  made  for each  clinical  question  after  voting  by  the  panel  members.  Based  on  the
evidence  profile  and  panel  discussions  for each  CQ,  the  experts  strongly  recommended  application  of
topical  fluoride  to inhibit  cavitation  of  incipient  enamel  caries,  and  to  diminish  white  spot  lesions.

© 2020  Published  by  Elsevier  Ltd on  behalf  of  The  Japanese  Association  for Dental  Science  This  is an
open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/

•

•

•
•

1. Introduction

Remineralization treatment, which offers the advantage of
being non-invasive, is being increasingly used as a principal tool
of minimal intervention dentistry (MID) treatment in managing
caries [1]. Such treatment has several advantages over conventional
invasive treatments.

• It conforms with the recommendations of the World Dental Fed-
eration advocating MID) [1];

• It is a procedure that respects Nature, since biologically caries is

formed as a result of the interplay between demineralization and
remineralization and “caries demonstrates a dynamic pathology
of sequential demineralisation and remineralization” [2,3] ;
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It may  allow treatment not only of incipient enamel lesions in
which the surface is relatively intact, but also of lesions that
have penetrated to the dentin, especially when caries risks can
be controlled at a low level [4];
If the lesions are detected early, non-invasive treatment [3] can
be applied long-term in order to suppress caries progression and
to promote remineralization;
It will promote better general oral health;
It is less burdensome for patients mentally, physically and finan-
cially.

Unfortunately, currently there are no evidence-based medicine
EBM) guidelines for the best strategies for effective non-invasive
reatment to restrict the initial progress of enamel caries.

The International Caries Detection and Assessment System

ICDAS) [5], devised by a group of European and north American
esearchers in cariology, is a protocol offering international stan-
ards for diagnosing and assessing carious lesions. Promoters of

CDAS wanted to lay down a formal definition of various carious

ntal Science This is an open access article under the CC BY-NC-ND license (http://

https://doi.org/10.1016/j.jdsr.2020.09.005
http://www.sciencedirect.com/science/journal/18827616
http://www.elsevier.com/locate/jdsr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdsr.2020.09.005&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mikarin@dent.osaka-u.ac.jp
https://doi.org/10.1016/j.jdsr.2020.09.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


a
D
r
s
d
e
c
t
e
t
e
w
p
fi
c
i
r
o
s
r

2

t
s
s
M
h
c
o

2

s

2

l
l
r

2

t
m
t
i
d

2

o

2

2

M.  Hayashi et al. 

lesions. The initial success of ICDAS heightened interest in defin-
ing minimally invasive interventions for caries that have formed
cavities; but it promoted suggestions on how to remineralize incip-
ient caries that have yet to form cavities. In addition, having found
that remineralizing incipient caries is feasible, the ICDAS empha-
sized the importance of early detection of incipient caries in clinical
practice in order to encourage optimal remineralization.

ICDAS categorizes incipient enamel carious lesions into codes 1
and 2 [5]. The clinically recommended non-invasive protocols for
controlling caries for these categories are topical fluoride applica-
tion, high-fluoride sustained-release glass ionomer cement (GIC)
application, and sealing with resin-based materials [6].

Topical fluoride application is recommended to prevent caries
[7–9]. However, a systematic review found that there is insufficient
evidence that topical fluoride is effective in restricting the progres-
sion of incipient enamel caries observed as white or brown spots
[10]. In addition, once initial enamel lesions progress and form cavi-
ties, they can no longer heal naturally [11]. It is necessary to conduct
evidence-based clinical trials to verify the effectiveness of topical
fluoride in restricting the progression of incipient caries.

GIC hardens as a result of the acid-based reaction in mixing flu-
oroaluminosilicate glass powder and aqueous polycarboxylic acid
[12]. The most prominent feature of this cement is its sustained
release and recharge of fluoride ions [12]. Studies have shown that
the anticariogenic effects of the material itself [13]. High-fluoride
sustained-release GIC, which gradually releases fluoride ions at
concentrations several times higher than conventional GIC, has
recently been developed to protect dental tissue [14]. Studies are
ongoing to investigate whether this material, applied to the sur-
face of incipient enamel caries, can store and supply fluoride ions
and thus offer an effective treatment for incipient enamel caries in
permanent teeth.

Since the 1970s, many studies have revealed that resin-based
materials, such as resinous sealants, suppress the onset of occlusal
caries [15]. Various clinical studies have reported the effective-
ness of these materials in suppressing the progress of caries, when
applied to lesions without clear substantial enamel defects or to
relatively minor lesions that penetrate no deeper than half the
thickness of the enamel [16]. Such treatments are possible because
of advances in resin-based materials, which enable firm adhesion
of such materials to the dental tissue, and thus facilitate long-term
sealing of the initial caries [17]. A comprehensive evaluation is nec-
essary to examine whether caries progression can be effectively
suppressed when incipient enamel caries is sealed with resin-based
materials.

Based on the above information, clinical guidelines could be
developed describing the effectiveness of topical fluoride applica-
tion, high-fluoride sustained-release GIC application, and sealing
with resin-based materials in the management of incipient enamel
caries in permanent teeth. These guidelines should follow the
GRADE system [18], the global, mainstream standard for guideline
development, and should clarify the quality of the evidence sup-
porting their use. Additionally, these guidelines should take into
account the balance between the advantages and burdens of treat-
ments, as well as how they meet patients’ values and preferences
to determine which methods should be recommended.

2. Developing the clinical guidelines for treating incipient
enamel caries

2.1. Outline of methods for developing the guidelines
The guidelines were developed based on the GRADE system
[18]. A guideline committee was set up by consisting of nine uni-
versity clinicians and two librarians. A chairperson was chosen
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t the biannual meeting of the Japanese Society of Conservative
entistry (JSCD). University clinicians certified as specialists in

estorative dentistry by JSCD were then selected by the chairper-
on and approved by the JSCD general meeting. The committee
iscussed and selected the most frequent clinical questions (CQs)
ncountered in treating incipient enamel caries and identified
linically important outcomes when evaluating the efficacy of
reatments. Using extensive electronic and manual searches, rel-
vant randomized controlled trials (RCTs) and controlled clinical
rials (CCTs) were identified. Evidence profiles, including quality of
vidence and summary of findings for each outcome of the CQs,
ere produced. Panel composed of university researchers, general

ractitioners, patients and a hygienist discussed the effects, bene-
ts and disadvantages of the selected treatments, as well as their
ost effectiveness and feasibility, in order to achieve a consensus
n treating incipient enamel caries with non-invasive methods. A
ecommendation was made for each clinical question by means
f voting by the panel members. The provisional guideline was
trengthened after reviews and further discussion with university
esearchers and general practitioners.

.2. Committee members

All 11 university clinicians were experts in conservative den-
istry, as certified by JSCD, and actively engaged in teaching
tudents and in clinical work, and six also had dental materials
enior advisor’s certificates from the Japanese Society for Dental
aterials and Devices. One university researcher in cariology, who

ad experience in developing oral care products in a commercial
ompany, and two librarians were also involved as active members
f the group.

.3. Users of the guidelines

Targeted users of the guidelines were dentists and all profes-
ionals who deal with incipient enamel caries.

.4. Definition of early enamel caries

Initially, incipient enamel carious lesions targeted in this guide-
ine were defined as those categorized as ICDAS [6] Codes 1 and 2. A
esion of ICDAS Code 3 was  subsequently added, since some clinical
esearches included that lesion.

.5. Clinical questions addressed in developing the guideline

The committee selected the most frequent CQs encountered in
reating incipient enamel caries with non-invasive methods. Com-

ittee members reached a consensus that the guideline for treating
hose caries should cover remineralization, protecting and seal-
ng lesions that had not produced cavities or had limited shallow
efects.

.6. Outcomes for the clinical questions

The committee discussed and identified critical and important
utcomes for patients when treating incipient enamel lesions.

.7. Systematic review methods for clinical questions

.7.1. Selection criteria of the literatures
Inclusion and exclusion criteria for the selection of papers for
he guideline were established prior to the literature search. The
nclusion criteria consisted of written clinical studies: system-
tic reviews, RCTs and CCTs, in which the treatments of incipient
namel caries were described. In the event, there were few RCTs and
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CCTs found, so case series were also considered. Since this guideline
is focused on permanent teeth, primary teeth were excluded.

2.7.2. Search strategy
The journal search, consisting of both electronic and manual

searching, was undertaken to identify all relevant studies written
in English and Japanese.

1) Electronic databases

An electronic search was conducted by the librarian member
of the committee, and included the following databases: PubMed
and MEDLINE from1949 to 2013 and Igaku Chuo Zasshi (Japanese)
from 1983 to 2013. The subject search used a combination of con-
trolled vocabulary and free text based on the search strategy for
PubMed and MEDLINE (http://wwwsoc.nii.ac.jp/ jscd/mem). The
literature search in Japanese was also conducted using the similar
search strategy.

2) Manual searching

The reference lists of all the relevant studies, existing reviews
and personal reprint collections of authors were screened for addi-
tional relevant publications.

2.7.3. Selection of relevant publications
Each publication was  initially assessed for relevance by two

members using the information presented in the abstract. When
an abstract was not available or failed to provide sufficient infor-
mation, a reprint of the full paper was obtained. When papers or
abstracts reported different stages of clinical trials, only the longer-
term study was included in the review. The study design of each of
the selected papers was assessed by the two reviewers indepen-
dently in the review process. Systematic reviews, RCTs and CCTs, in
which the clinical effectiveness of treating incipient enamel caries
in permanent teeth were evaluated, were selected for each clinical
question. If a trial was excluded from evaluation, the reasons for
exclusion were described.

2.7.4. Evaluation of clinical effectiveness
1) Data extraction and synthesis

The following information was extracted from the papers
selected for evaluation of the clinical effectiveness of treating incip-
ient enamel caries in permanent teeth: date of the study, year of
publication, setting and funding source of the trials, sample size, age
and gender of the patients, types of teeth treated, methods of treat-
ments. Information on adverse events or effects was  also recorded.
Data were extracted for each outcome by two members indepen-
dently. Data that could be presented in graphs and figures were
extracted whenever possible. Such data were only included, how-
ever, if both reviewers independently extracted the same result.
Any disagreement was discussed, and a third reviewer was con-
sulted as necessary.

2) Evidence profile

The quality of evidence for each outcome of each CQ was
assessed and identified by using the RevMan [19] system. Data
from identified papers were synthesized to produce a summary

of findings. In the case of binary data, relative risk and absolute risk
were calculated, while continuous data were compared by average
differences. This information was presented in “Evidence profile”
tables.
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.8. Panel discussion

.8.1. Selection of panel members
A total of nine members; three university researchers (one each

rom research fields of public health, orthodontics, prosthodontics),
wo  general practitioners, a dental hygienist, a representative of
atient, an EBM specialist, a postgraduate student, were called upon
o participate in discussions of the guideline.

.8.2. Grading recommendation
Prior to the panel discussion, guideline committee members

xplained to panel members the background and evidence profile
f each CQ. The panel discussion took place to identify the bene-
ts and disadvantages for patients, patients’ preferences, clinical

mpact and cost effectiveness of a proposed intervention. A recom-
endation for each CQ was finalized by voting by secret ballot by

anel members.

.9. External reviewing

The provisional guideline was reviewed by nine external
eviewers, who were three university researchers, five general
ractitioners and one dentist employed by a company. An EBM
pecialist was  included. They were asked to review the provisional
uideline based on the AGREE II [20] instrument and to provide
ny comments from their clinical experiences. The committee dis-
ussed the feedbacks from the reviewers and the guideline was
trengthened after input and discussion with the reviewers.

.10. Update plan

The guidelines are to be updated every five years.

.11. Sauce of funding

The guidelines were supported by the funds of the JSCD.

. Clinical guidelines for treating incipient enamel caries

.1. Clinical questions

The following three CQs for treating incipient enamel caries
ere identified after discussion by the committee.

CQ1. Is the application of topical fluoride effective to arrest incip-
ent enamel caries in permanent teeth?

CQ2. Is the application of GIC with high-fluoride sustained-
elease effective to arrest incipient enamel caries in permanent
eeth?

CQ3. Is sealing by resin-based materials effective to arrest incip-
ent enamel caries in permanent teeth?

.2. Outcomes

The following critical and important outcomes for the CQs were
dentified after discussion by the committee: critical outcomes,
) cavitation, 2) diminishing of white spot lesions, important
utcomes; 3) smoothing white spot lesions, 4) diminishing radi-
lucency, 5) diminishing DIAGNOdent values.

.3. Identified clinical researches
Clinical studies identified by electronic and manual searching
or each CQ were presented in Tables 1 to 3: four RCTs [21–24] and
ne observational study [25] for CQ1 (Table 1); one RCT [26] for

http://wwwsoc.nii.ac.jp/
http://wwwsoc.nii.ac.jp/
http://wwwsoc.nii.ac.jp/
http://wwwsoc.nii.ac.jp/
http://wwwsoc.nii.ac.jp/
http://wwwsoc.nii.ac.jp/
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Table  1
Summary of evidence of CQ1: Is the application of topical fluoride effective to arrest incipient enamel caries in permanent teeth?

Author Year Journal Design of study Intervention/Treatment Control Assessment method Results

Agrawal et al.
(India)

2011 J Oral
Sci.

RCT Experimental group:120 patients
(Average age 12.8 years old), 604
teeth of active incipient enamel
caries, topical fluoride application
(1.23% APF gel (12300ppmF) for
4  min) using tray after oral hygiene
instruction at the beginning and 6
months later.

Control group: 119
patient (Average 12.8
yrs),585 teeth of active
incipient enamel
caries, oral hygiene
instraction at the
beginning and
6months later.

Diagnosis of active
incipient caries was
performed visually.
Examination with
dental explorer was
performed when its
suspicious. After 12
months, change of
caries lesion number
which was assessed as
’no change’, ’inactive’
and progressed’ were
counted.

Experimental group
(APF application twice
a  year): after
12months, no change
16.5%, inactive 80.0%,
progress 3.5%.
Control group: no
change 54.0%, inactive
35.6%, progress 10.4%.
DMF  was not different
between experimental
and control groups.

Kleber  et al.
(USA)

1999 J Clin
Dent.

Observation
study (Patients
could choose
Enamelon
brushing /
brushing + tray
application)

Experimental group:9 patients (41
white spots) used Enamelon (tooth
paste contains NaF(1130ppmF), 1%
CaSO4, 1.1% NH4H2PO4) for tooth
brushing (1 min) twice a day and
topical application of Enamelon
using tray for 5 min  after brushing.

Control group: 5
patients (27 white
spots) used Enamelon
for tooth brushing
(1 min) twice a day.

Observation period:
3months. Change of
the white spot area and
the color score of white
spots (0: shiny, 1: dull,
chalky, 2: pitted, loss of
surface) were
examined.

Lesion area after 3
months: experimental
group 6.43 ± 0.44 mm2,
control group
7.99 ± 0.55 mm2. There
was a significant
difference between
experimental and
control groups
(p < 0.05). Color score:
There was  a significant
difference between
experimental and
control groups.

Ferreira et al.
(Brazil)

2005 Oral
Health
Prev
Dent.

RCT Group 1 (Topical F application):126
teeth, brushing instructons once a
week and 1.23% APF gel application
for 1 min.
Group 2 (Non-topical F application):
132 teeth, brushing instructons
once a week and placebo gel
application for 1 min.

Group 3 (Control):146
teeth, no intervention.

Observation period:
3months. Change of
plaque score and
activeness of white
spots were examined.

Plaque score: Group1
and 2 significantly
decreased compared to
baseline, however
group 3 didn’t decrease
significantly.
Inactivated lesions:
Group 1 58%, group 2
57%, group 3 43%.
There was  a signifcant
difference between
group 1,2 and 3.
however there was no
difference between
group 1 and 2.

Baeshen et al.
(Sweden, Saudi
Arabia)

2011 Am
Orthod
Dento-
facial
Orthop.

RCT Experimental group:19 patients,
79 teeth with white spots. 0.5% NaF
(2260ppmF) impregnated chewing
stick was  used 5 times a day for 6
weeks.

Control group: 18
patients, 71 teeth with
white spots.
Non-fluoride
impregnated chewing
stick was used 5 times
a day for 6 weeks.

DIAGNOdent value and
ICDAS II score were
compared with
baseline data.
DIAGNOdent value was
measured 3 times and
the highest value was
accepted.

DIAGNOdent value:
After 6 weeks,
experimental group
significantly decreased
compared to baseline,
however control group
didn’t show significant
decrease. ICDAS II
score: Experimental
group significantly
decreased after 6
weeks but control
group didn’t show
significant decrease.

Du  et al.
(China)

2012 Clin
Oral

RCT Experimental group: 47 patients,
104 white spots. 5% NaF

rapha
, for 6

Control group: 49
patients, 105 white

DIAGNOdent value at
baseline and after 6

5% NaF varnish applied
group significantly

s
t
a
c
[

Invest. (22600ppmF) varnish (Du
was  applied once a month
times.

CQ2 (Table 2); and two RCTs [27,28] and two quasi-RCTs [29,30]
for CQ3 (Table 3) were included.

3.4. Evidence profile
The evidence profile of each CQ is summarized in Table 4.
In CQ1, the results of one RCT [22] and one observational study

[25] demonstrated that the application of topical fluoride was  sig-
nificantly effective in inhibiting cavitation and diminishing white

a
C

s

158
t) spots. Saline was
applied once a month
for 6 times.

months were
compared.

decreased DIAGNOdent
value compared to
control group.

pot lesions, respectively. The results of two  RCTs [22,24] showed
he surfaces of incipient carious lesions were smoothed by the
pplication of topical fluoride in high-risk groups, whereas no
hanges were seen in low risk groups. The results of two RCTs
21,23] demonstrated the decrease in DIAGNOdent values after the

pplication of topical fluoride. The overall quality of evidence of
Q1 was considered to be high.

In CQ2, the radiographic examinations of one RCT [26] demon-
trated significant improvements of radiolucency in interproximal
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Table  2
Summary of evidence of CQ2: Is the application of GIC with high-fluoride sustained-release effective to arrest incipient enamel caries in permanent teeth?

Author Year Journal Design
of
study

Intervention/Treatment Control Assessment
method

Results

Trairatvorkul
et al. (Thailand)

2011 J Dent
Res.

RCT Experimental group:39
initial active caries
(proximal white
lesion). At baseline,
after teeth separation
with erastic O ring, GIC
(Fuji VII) coating was
performed. Fluoride
toothpaste was used
for daily brushing and
topical fluoride
application (1.23% APF
gel) was performed
every 6 months.

Control group:
38 initial active
caries
(proximal
white lesion).
At baseline, No
coating was
performed.
Fluoride
toothpaste was
used for daily
brushing and
topical fluoride
application
(1.23% APF gel)
was performed
every 6
months.

Bite-wing x-ray
photo was
taken at
baseline, 6 and
12 months
later and
scored as
below. Score 1:
caries depth
was within half
of the enamel.
Score 2: caries
depth was  over
half of the
enamel.

Experimental group:
after 12months, 8 teeth
improved the score
from 2 to 1.
Control group: after
12months, 2 teeth
improved the score
from 2 to 1. (Odds
ratio = 6.3, 95%CI
1.3−30.9)

Table 3
Summary of evidence of CQ3: Is sealing by resin-based materials effective to arrest incipient enamel caries in permanent teeth?

Author Year Journal Design of study Intervention/Treatment Control Assessment method Results

Heller et al.
(USA)

1995 J Public
Health
Dent.

Retrospective
study
(quasi-RCT)

Experimental group:297
sound teeth surface and
380 initial caries of
occulusal surface of
permanent teeth. After
etching for 30 s, sealant
(Delton) was  applied and
light-cured.

Control group:64
sound teeth surface
and 56 initial caries
of occulusal surface
of permanent
teeth. No
intervention.

Visual diagnosis and
examination by touch
manipulation were
performed. Initial
caries was diagnosed
when the tooth surface
has dark staining,
chalky appearance,
sticking on probing, or
no apparent visible
enamel defects. When
it has apparent visible
enamel defect, the
tooth surface was
diagnosed as caries
cavity.

Experimental group: after
5 years, 10.8% of initial
caries progressed to caries
cavity. Control group: after
5 years, 51.8% of initial
caries progressed to caries
cavity.

Gibson  et al.
(Canada)

1980 J
Canada
Dent
Assn.

A mouth is
devided into 2
and
randomized
(quasi-RCT)

Experimental group:58
initial caries of occulusal
surface of permanent
teeth. After etching for 90 s,
sealant (bis-GMA self
polymerizing red color
resin) was applied and
light-cured.

Control group:53
initial caries of
occulusal surface of
permanent teeth.
No intervention.

Visual diagnosis and
examination by touch
manipulation were
performed. Progression
to caries cavity was
diagnosed with x-ray.

Experimental group: after
30 months, 19.0% of initial
caries progressed to caries
cavity, 3.4% stopped
progression and 77.6%
improved. Control group:
after 30 months, 77.6% of
initial caries progressed to
caries cavity, 7.5% stopped
progression and 15.1%
improved.

Martignon
et  al.
(Denmark,
Columbia)

2006 Caries
Res.

RCT Experimental group:69
initial proximal caries (no
cavity) of permanent teeth.
Sealing was performed
with Gluma One Bond
Adhesive or Concise
sealant and ordered to floss
3 times a day.

Control group:69
initial proximal
caries (no cavity) of
permanent teeth.
No intervention
was  done and
ordered to floss 3
times a day.

X-ray diagnosis was
performed and scored
as below. Score 1:
Enamel caries. Score 2:
Dentin caries within
half of dentin. Score 3:
Dentin caries proceeds
more than a half of
dentin.

Experimental group: after
18 months, 43.5% of initial
caries progressed to caries
cavity, 17.4% stopped
progression and 39.1%
improved. Control group:
after 18 months, 84.1% of
initial caries progressed to
caries cavity, 2.9% stopped
progression and 13.0%
improved.

Alkilzy et al.
(Germany)

2009 J Adhe-
sive
Dent.

RCT Experimental group:35
patients, 35 proximal
initial caries without
cavity. Sealant was
performed with
polyurethane-
dimethylacrylate foil and
Heliobond. Dental floss and
fluoride tooth paste were
used during the term.

Control group:35
patients, 35
proximal initial
caries without
cavity. No sealant
was  performed.
Dental floss and
fluoride tooth
paste were used
during the term.

X-ray diagnosis was
performed and scored
as below. D0: No
radiolucency. D1:
Demineralization at
outer half of enamel.
D2: Demineralization
at inner half of enamel.
D3: Demineralization
at outer dentin. D4:
Demineralization at
inner dentin.

Experimental group: after
2yrs, 5.7% of initial caries
progressed to caries cavity,
68.6% stopped progression
and 25.7% improved.
Control group: after 2 yrs,
5.7% of initial caries
progressed to caries cavity,
82.9% stopped progression
and 11.4% improved.
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Table 4
Evidence profiles of CQ1-3.

CQ1 Is the application of topical fluoride effective to arrest incipient enamel caries in permanent teeth?

Outcome 1© Preventing cavitation (Ratio of white spot lesions which didn’t develop cavities after 12 months)
Quality assessment Summary of findings
Numbers of studies Study

design
Limitations Inconsistency Indirectness Imprecision Publication

bias
Others Nos of events/ Nos of white spot lesions

(incidence %)
Relative
risk [95%
CI]

Quality of
evidence

Importance

Topical fluoride application No fluoride
application

1 22 RCT No Impossible
to evaluate

No No Impossible
to evaluate

None 584/604 (96.5%) 524/585
(89.6%)

1.08
[1.04–1.11]

High Critical

Outcome 2©  Diminishing white spot lesions (Differences in the areas of white spot lesions (mm2) after 3 months)
1 25 Observational

study
Yes #1 Impossible

to evaluate
No Yes #2 Impossible

to evaluate
None Area of white spot lesions Average

difference
(95% CI)

Very low Critical

6.43 ± 0.44 mm2 (n = 41) 7.99 ± 0.55
mm2

(n = 27)

−1.56(-
1.81∼-
1.31)mm2

Outcome 3© Smoothing white spot lesions (Ratio of white spot lesions which got smoothed after 3−12 months)
2 22, 24 RCT No Yes #3 No Yes #4 No None 556/730 (76.2%) 283/717

(39.5%)
1.52
[0.70–3.30]

Low Important

Outcome 5©  Diminishing DIAGNOdent values (Differences in avarage of DiagnoDent values in the experomental groups)
2 21, 23 RCT No No No Yes #5 No None Average DIOGNOdent values Average

difference
(95% CI)

Moderate Important

7.3  (n = 183) 11.3
(n = 176)

−3.95
(-5.81∼-
2.08)
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Table 4 (Continued)

CQ2 Is the application of GIC with high-fluoride sustained-release effective to arrest incipient enamel caries in permanent teeth?

Outcome 4© Diminishing radiolucency (Score the depth of caries with bitewing dental x-rays)
Quality assessment Summary of findings
Numbers of studies Study

design
Limitations Inconsistency Indirectness Imprecision Publication

bias
Others Nos of events/ Nos of lesions (incidence %) Relative

risk [95%
CI]

Quality of
evidence

Importance

GIC  application No
application

1 26 RCT No Impossible
to evaluate

No Yes #6 Impossible
to evaluate

Serious #7 8/39 (20.5%) 2/38 (5.3%) 3.90
[0.88∼17.18]

Low Important

CQ3  Is sealing by resin-based materials effective to arrest incipient enamel caries in permanent teeth?
Outcome 1© Preventing cavitation : Inspection + palpation + x-ray inspection
Quality assessment Summary of findings
Numbers of studies Study

design
Limitations Inconsistency Indirectness Imprecision Publication

bias
Others Nos of events/ Nos of lesions (incidence %) Relative

risk [95%
CI]

Quality of
evidence

Importance

Resin application No
application

3 27−29 RCT = 2,
quasi-
RCT = 1

No Yes #8 No No Impossible
to evaluate

None 425/507 (83.8%) 50/178
(28.1%)

2.73
[1.65∼4.53]

Moderate Critical

Outcome 4©
Diminishing
radiolucency
2 29, 30 RCT = 1,

quasi-
RCT = 1

Yes #9 No No Yes #10 Impossible
to evaluate

None 36/104 (34.6%) 13/104
(12.5%)

2.77
[1.56∼4.91]

Moderate Important

#1: Only one observational study was available.
#2: There was no control group without using fluoride with high concentration.
#3: The researches showed different results because of the inconsistency in the oral hygine of patients included.
#4:  There is large 95% confidence interval from 0.70 to 3.30 in average difference.
#5: The concentrations of applied fluorides differ between the researches.
#6:  There was limitation in evaluation methods of approximal carious lesions.
#7:There was  no data about c̈riticalöutcome.
#8: Heterogeneity is positive. (I2 = 74%).
#9: There was limitation in the methods of randomization.
#10: The numbers of patients treated was  not large enough.
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carious lesions after applying GIC with high-fluoride sustained-
release. The overall quality of evidence of CQ 2 was low.

In CQ3, the synthesized results of two RCTs [27,28] and one
quasi-RCT [29] demonstrated that sealing by resin-based materi-
als significantly inhibited cavitation or progress of carious lesions.
Radiographic examinations in one each RCT [30] and quasi-RCT
[29] demonstrated significant remineralization after sealing by
resin-based materials. The overall quality of evidence of CQ 3 was
moderate.

3.5. Voting by the panel

In CQ1, all 10 panel members voted in favor of “strong recom-
mendation”. The panels recognized that the quality of evidence of
CQ1 was high and there were multiple benefits of fluoride applica-
tion including its simple clinical method, less technique sensitive,
no pain, and its cost effectiveness.

In CQ2, eight panel members voted for “weak recommenda-
tion”; whereas two for “weak negative recommendation”. The two
who were against the application of GIC cited a numbers of disad-
vantages including its ineffectiveness in arresting a carious lesion
compared to topical fluoride; rougher surfaces after GIC applica-
tion; causing pain when separating an interproximal lesion; the
need for additional visits; and possible plaque accumulation.

In CQ3, eight panel members voted for “strong recommenda-
tion”, and two for “weak recommendation”. The minority said the
quality of evidence of CQ3 was moderate and there were several
disadvantages such as causing pain during teeth separation in treat-
ing an interproximal lesion, the needs for additional visits and costs.

3.6. Recommendations

Based on the evidence profile and the results of the voting, the
following recommendations were proposed by the panel.

CQ1. Application of topical fluoride is effective in inhibiting cav-
itation of incipient enamel caries, and diminishing and smoothing
a white spot lesion. Fluoride application to incipient enamel caries
in permanent teeth is recommended. (Strong recommendation)

CQ2. Application of high-fluoride sustained-release GIC is
recommended to arrest incipient enamel caries (incidental condi-
tions: recommended material, Fuji VII (GC); indication, applicable
occlusal and smooth surfaces). (Weak recommendation)

CQ3. Sealing by resin–based materials are effective in inhibiting
cavitation of incipient enamel caries. However, when this treat-
ment is applied to an interproximal lesion, pain and cost may
become burdens on patients. Thus, sealing incipient enamel caries
by resin–based materials is conditionally recommended. (Weak
recommendation)

4. Current status and future prospective of developing
clinical guidelines of caries treatments

The aim of the guidelines was to aid decision-making by den-
tists and all professionals who seek to deal with early enamel caries
by non-invasive methods. The guidelines were developed pursuant
to the GRADE system [18], the global mainstream standard for
guideline development. The guidelines thus offer a foundation of
recommendations and guidance for making decisions and treat-
ment of incipient enamel caries; but they cannot be a substitute
for the judgment of experienced professionals in the actual clinical
situation.

Based on the GRADE system [18], the data from relevant studies

were summarized each outcome, which was discussed and identi-
fied by the committee prior to the literature search. Only limited
number of clinical studies was included in all the CQs, because high-
quality research work such as RCTs were targeted, and because of

m
o
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he data synthesis method on each outcome. The GRADE system
ypically insists on a strict selection of researches. For example, in
Q1 where “cavitation” was set as an outcome, we sought research
hat investigated whether there was  difference in the frequency
f cavitation with or without applying topical fluoride to incipi-
nt enamel caries lesions. However, there were very few studies
22,25] on arresting and remineralization of incipient enamel caries
y topical fluoride, although there are numbers of clinical stud-

es on prevention of caries using fluoride. Further high-quality
linical studies are needed to prove the clinical effectiveness of
on-invasive treatment for managing incipient enamel caries.

The committee spent time discussingse how best synthesize
ata from identified clinical studies, especially when there were
ifferences in evaluating methods among these studies. In the case
f sealing with resin composite (CQ3), two  studies [28,30] used
hree categories to check the status of incipient caries; reminer-
lized, unchanged and cavitated lesions; but another [29] used
wo categories, non-cavitated and cavitated lesions. The commit-
ee considered that the remineralized and unchanged lesions both
ndicated positive measures in arresting caries and could be put
ogether as non-cavitated. So the data were synthesized into the
wo categories, using the utmost care to avoid misinterpreta-
ion. The committee fortunately had an opportunity to consult a
ochrane methodological specialist about the statistical technical

ssues of synthesizing data.
The committee identified the four outcomes and graded them

s “serious” or “important” outcomes. Cavitation and diminishing a
hite spot were chosen as “serious” outcomes, which were consid-

red critical from a patient’s viewpoint. “Remineralization” is often
sed in cariology researches to evaluate and explain the effects
f fluoride or other materials for carious lesions. However, the
ommittee chose the expressions “inhibit cavitation” and “arrest
ncipient enamel caries” in the CQs and recommendations, since
hese words better explain patients’ demands for managing caries.

Members of the panel were selected among dental professionals
nd academics, as well as a patient, in order to include varied opin-
ons as to how to manage incipient enamel caries. The review team
nd the panel were completely independent. The panel considered
he qualities of evidence for each CQ as well as psychological and
ocio-economical factors of patients. Incidentally, the recommen-
ations by the panel reflected the overall qualities of evidence for
ach CQ (Table 4).

The panel strongly recommended the topical fluoride appli-
ation because of the high-quality evidence and the various
dvantages, such as its simple modality, lack of pain, smooth sur-
aces treated and its cost effectiveness. However, it should be noted
hat the research papers did not fit the Japanese clinical experiences
ecause of strict Japanese limits of fluoride concentrations and
odalities of application. The committee nevertheless decided to

nclude these researches, because of the consistent positive effects
y topical fluoride on arresting enamel incipient caries, when its
oncentrations were over 1130ppmF−. The committee hopes this
ontent of the guideline will be an effective driving force to change
he strict regulation of Japanese fluoride materials and will give
n impact on oral health promotion by encouraging non-invasive
odalities for caries management.

The panel proposed only weak recommendations for sealing
ith GIC (CQ2) and resin composite (CQ3), because the treated sur-

aces by both materials became less smooth. In addition, patients
ay feel pain during the teeth separation for treating an interprox-

mal lesion. The panel members were able to compare the effects
f caries management by different modalities as CQs1, 2 and 3. The

odalities in CQs 2 and 3 may  be less beneficial for patients because

f the chances of pain and need doe several visits.
It should be noted that only high-fluoride sustained-release

IC (Fuji VII, GC) is recommended by the Guideline for arrest-
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ing incipient enamel caries. Conventional or resin modified GIC is
not recommended, since Fuji VII showed approximately four times
higher fluoride release compared to conventional GIC [14].

In the Guideline, sealing by resin composite and resin infiltra-
tion were considered as different modalities. Resin infiltration was
not considered, although some clinical researches were identified
during the literature searching [31]. The committee concluded that
resin infiltration should not be included in the Guideline, because
the treatment is not widely used in clinics and is not covered by
Japanese national health insurance.

The committee is planning to update the Guideline within four-
year period including latest new evidence of current three CQs as
well as new CQs pertaining to remineralizing effects of varnishes
containing high-concentration fluoride and CCP-ACP or other cal-
cium materials with various modalities of toothpaste, tooth-cream
or gum. For up-dating the guideline, the committee will invite gen-
eral practitioners and patients to suggest new clinical questions as
a way of promoting patients centered care.

The JSCD guideline committee formulated Guideline for treating
incipient enamel caries with following the GRADE system, which
is the global, mainstream standard for guideline development.
The Guideline strongly recommends topical fluoride application to
incipient enamel caries in permanent teeth, since it is effective to
inhibit cavitation of incipient enamel caries and to diminish and
smoothen a white spot lesion.
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