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Background: The purpose of this systematic review was to investigate the effects of topical fluoride gel application on dental caries prevention in 

the permanent teeth of children and adolescents. 

Methods: We searched the EMBASE, PubMed, and Cochrane Library databases for randomized controlled trials (RCTs) assessing the effects of 

self-applied or professionally applied topical fluoride gels in patients ＜18 years of age; the search was completed on April 1, 2018. All included 

trials involved an experimental group (fluoride gel application) and a control group (placebo or no treatment). The outcome measures were the 

D(M)FS and D(M)FT indices, which were compared between the two groups. Review Manager software was used for quantitative synthesis of the 

final selected articles, and a forest plot was generated via a meta-analysis conducted using a random effects model. 

Results: The results showed that the D(M)FS and D(M)FT indices were lower in the fluoride application group than in the control group, thus 

indicating that fluoride gel application was effective in dental caries prevention. We also performed a subgroup analysis to determine whether the 

effects of fluoride application differed if patients received oral prophylaxis (self or professional) before fluoride gel application. Therefore, the two 

groups showed slightly larger differences when studies without oral prophylaxis before fluoride gel application were considered; however, the 

difference was not statistically significant. 

Conclusion: These findings should be utilized to raise awareness about the caries-prevention effects of topical fluoride application among patients 

and guardians. Further RCTs should evaluate the effects of fluoride application with or without preceding oral prophylaxis, and appropriate fluoride 

application guidelines should be developed to maximize the effects of fluoride application in clinical practice.
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Introduction

Dental caries has been showing a gradually decreasing 

trend over the past few decades; however, it still affects 

9% or approximately 610 million children worldwide1,2). It 

is a chronic oral disease with a high prevalence among not 

only adults but also school-going children and adolescents. 

If timely treatment is not administered, caries can destroy 

the tooth crown and cause severe pain, thus having a 

negative impact on mastication and the quality of life in 

children and adolescents1). 

Dental caries is caused by tooth demineralization, 

whereby organic acids produced by oral resident microbiota 

and acids formed by plaque-induced decomposition of 

sugar in sweet foods destroy the tooth enamel. Daily 

tooth-brushing may slow the progression of caries, 

although the disease will continue to progress in most 

children3,4). Therefore, caries prevention is important. In 

addition to regular tooth-brushing after meals, regular 

check-ups and preventive treatment using sealants and 

http://crossmark.crossref.org/dialog/?doi=10.17135/jdhs.2019.19.1.9&domain=pdf&date_stamp=2019-03-31
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topical fluorides are also recommended. 

Topical fluoride application is widely recommended as 

part of dental caries prevention programs for school-going 

children, and it has been reported to be effective in the 

prevention of initial caries as well as the arrest of moderate 

to severe caries
5)

. The home use of fluorides began with 

recommendations to use fluoride-containing toothpastes in 

the mid-1970s, while various caries-prevention strategies 

such as topical fluoride varnish application, liquid fluoride 

gargles, and xylitol intake have been used as additional 

measures. In particular, fluoride gel has been widely used 

in clinical settings because of the excellent cost- 

effectiveness
5,6)

. Some existing studies have reported that 

the rate of caries prevention by fluoride application varies 

between 20% and 30%
7-10)

, whereas other randomized 

clinical trials have reported no differences between 

fluoride application and control groups
11)

. Even now, 

topical fluoride application for the prevention of dental 

caries shows different reliability and effects depending on 

the study method (cross-section, interventional, and 

randomized controlled trial [RCT] studies) and the quality 

control measures in the study. Moreover, awareness about 

the effects of topical fluoride application is also lacking. 

Marinho et al.
1)

 published a systematic review in 2015; 

however, the most recent study included in the review was 

conducted in 2005. Accordingly, we believe that there is a 

need for a systematic review including the most recent 

studies in order to derive the latest evidence. In addition, 

studies analyzing the effects of topical fluoride application 

after professional (oral prophylaxis) or self-cleaning 

(tooth-brushing) of teeth are rare.

Therefore, in order to present the latest and best 

evidence, we designed the present systematic review such 

that it included only RCTs assessing the caries-prevention 

effects of topical fluoride gels that are most widely used in 

the clinical setting. The main objective of this review was 

to address the following question: “Is topical fluoride gel 

application on the permanent teeth of children and 

adolescents effective in preventing dental caries?” The 

secondary objective was to address the following question: 

“Do the effects of topical fluoride gel application differ if 

it is implemented after professional (oral prophylaxis) or 

self-cleaning (tooth-brushing) of teeth?” Thus, the focus 

of this review was to verify the caries-prevention effects of 

topical fluoride gel application on the permanent teeth of 

children and adolescents. 

Materials and Methods

1. Subjects

The present systematic review included preceding 

studies involving adolescents and children aged ＜18 

years. To focus on the main questions (patient, intervention, 

comparison, outcome; PICO) of the study, only RCTs 

assessing the effects of self-applied or professionally 

applied topical fluoride gels on the decayed, missing, and 

filled permanent teeth (D(M)FT) and decayed, missing, 

and filled permanent tooth surface (D(M)FS) indices were 

included. Studies were selected regardless of the severity 

of dental caries at the start of the study, the level of dental 

treatment, and ethnicity. Only those studies including 

subjects free of any systemic diseases were selected. 

2. Search strategy

To select eligible RCTs, we used keywords from the 

main questions in PICO to search three core databases: 

PubMed, EMBASE, and the Cochrane Library. Moreover, 

to increase the sensitivity and specificity, we performed 

repeated searches according to a comprehensive search 

strategy. Search terms were selected from the MeSH 

(Medical Subject Headings) browser, and even Entree 

terminology, a sub-search terms of MeSH terminology 

was used. Moreover, keywords associated with the core 

subject of this review, which were identified through a 

search of the existing literature, were also added and 

combined with search operators (or/and). The search was 

completed on April 1, 2018. All databases were 

comprehensively searched for the earliest to the latest 

studies, regardless of the publication year. 

3. Inclusion criteria

The inclusion criteria for studies were as follows: 

RCTs; assessment of the caries-prevention effects of 

self-applied or professionally applied topical fluoride gels 

on permanent teeth; inclusion of children and adolescents 

as subjects (＜18 years); methods section specifically 
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Fig. 1. Study flow diagram from 
2018 search.

mentioning about random allocation of subjects to 

experimental and control groups; examination surveys 

independently performed by the investigator, with 

measurements derived under blinded conditions; detailed 

descriptions of the treatment method as well as the control 

or placebo intervention; a minimum follow-up period of 1 

year; and analysis of the D(M)FT and D(M)FS indices as 

outcome measures. The type or concentration of the 

fluoride gel, the duration of topical application, and the 

frequency of topical application (at least once a year) were 

not criteria for inclusion. 

4. Exclusion criteria 

The exclusion criteria for this systematic review were as 

follows: case reports, editorials, and commentaries; 

literature not based on RCTs; no mention of random 

allocation of experimental and control groups; inclusion of 

subjects who were wearing orthodontic bands; a follow-up 

period of less than 1 year; lack of assessment of outcome 

indices; use of other forms of fluoride, such as varnishes 

and mouth rinses; and publication in languages other than 

English. Moreover, studies where subjects were receiving 

other types of treatment (chlorhexidine, sealant, xylitol, 

and other oral hygiene intervention) together were excluded.

 5. Selection of studies

Two researchers selected the studies for this review. 

The identified studies were saved in EndNote program 

(ver. X7.5), followed by automatic and manual removal of 

duplicates. For the exclusion of studies, two new libraries 

were created in EndNote (primary inclusion/primary 

exclusion), and the studies selected by each researcher in 

the primary selection stage were combined. Then, original 

articles were identified and secondary study selection was 

performed. After duplicate removal, the titles and 

abstracts of the remaining articles were reviewed for 

primary selection. The full texts of the articles selected in 

the primary selection process were obtained and read, 

following which the final selection procedure was 

completed by considering the inclusion and exclusion 

criteria of the present study. This entire process was 

performed independently by the two researchers. The final 

studies were selected after the two researchers cross- 

checked their findings and reached an agreement on the 

selection. 

6. Data synthesis

To investigate whether topical fluoride gel application 

is effective for the prevention of dental caries in the 
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Fig. 2. Comparison fluoride gel versus control (placebo or no treatment), outcome D(M)FS increment nearest to 1∼4 years (17 trials). 
SD: standard deviation, CI: confidence interval. 

permanent teeth of children and adolescents, we performed 

a meta-analysis for quantitative synthesis of the data from 

the final 17 studies. Q statistics were used to determine the 

degree of heterogeneity of the selected studies, and 

meta-analysis using a random effects model was performed 

depending on the results of heterogeneity testing. Then, a 

forest plot was generated. All analyses were performed 

using Review Manager (RevMan) statistical analysis 

software (ver. 5.3; The Nordic Cochrane Centre, The 

Cochrane Collaboration, Copenhagen, Denmark).

Results

1. Search results

Using the search strategy, 793, 286, and 760 studies 

were identified from the PubMed, EMBASE, and Cochrane 

Library databases, respectively. Among the 1,839 studies, 

770 duplicate studies were excluded, leaving 1,069 

studies. Subsequently, 880 studies were excluded after a 

review of the titles and abstracts. From the remaining 189 

studies, 42 original articles were identified. After reading 

the full text of these original articles, the inclusion and 

exclusion criteria were carefully applied. Consequently, 

17 studies were selected for quantitative synthesis after 

excluding 25 studies for the following reasons: inappropriate 

design and/or study methods (n=8), inability to extract the 

outcome indices (n=5), lack of blinding during measure-

ment of the outcome indices (n=1), no description about 

the control group intervention (n=2), follow-up period of 

less than 1 year (n=2), and publication in languages other 

than English (n=5). Fig. 1 shows the flow diagram 

(PRISMA) for the study selection process. 

2. Meta-analysis for estimation of results

For qualitative review of the selected studies, the 

source, methods, subjects, intervention methods, outcome 

indices, and results were summarized and are presented in 

the evidence table in Table 1
2,5,7-21)

. 

The finding of meta-analysis revealed that 16 studies 

found differences in the D(M)FS and D(M)FT indices 

between experimental (fluoride gel application) and 

control groups. Specifically, the indices were lower in the 

experimental group than in the control group. In particular, 

a study by Englander et al.
20)

 showed the largest mean 
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Fig. 3. Comparison fluoride gel versus control (placebo or no treatment), outcome D(M)FT increment nearest to 1∼4 years (7 trials). 
SD: standard deviation, CI: confidence interval.

difference (MD) of −4.75 (95% confidence interval [CI]: 

−6.16 to −3.34) in the D(M)FS index (random effects 

model). A study by Bryan and Williams
15)

 also showed an 

MD of −2.70 (95% CI: −3.96 to −1.44) in the D(M)FS 

index. On the other hand, a study by Splieth et al.
11)

 found 

almost no difference between the two groups (MD: 0.03, 

95% CI: −0.26 to 0.32). 

Quantitative synthesis (meta-analysis) of the 17 studies 

involved the analysis of data from 3,434 subjects in 

experimental groups and 3,433 subjects in control groups. 

The overall MD was −0.76 (95% CI: −1.03 to −0.48), 

which indicated that the D(M)FS index was lower in the 

experimental group than in the control group, and that 

topical fluoride gel application was effective in preventing 

dental caries development in the permanent teeth of 

children and adolescents (p＜0.001) (Fig. 2)
2,5,7-21)

. Moreover, 

a meta-analysis of D(M)FT data from a total of seven 

studies involved the analysis of data from 1,117 subjects 

in experimental groups and 1,172 subjects in control 

groups. The overall MD was −0.88 (95% CI: −1.32 to 

−0.44, p＜0.001) (Fig. 3)
7,15,16,18-21)

. The two analyses 

showed an I
2
 value of 86%. According to the classification 

proposed by the Cochrane Handbook for Systematic 

Reviews
22)

, the interpretation of I
2
 values is as follows: 0∼

40%, not important; 30∼60%, moderate heterogeneity; 

50∼90%, substantial heterogeneity; and 75∼100%, 

considerable heterogeneity.

We also performed a subgroup analysis to determine 

whether the effects of fluoride application differed if 

patients received oral prophylaxis (self or professional) 

before fluoride gel application. The overall MD for the 

experimental and control groups in studies where 

prophylaxis was performed before fluoride gel application 

was −1.03 (95% CI: −1.55 to −0.51), whereas that for 

the experimental and control groups in studies where no 

oral prophylaxis was performed before fluoride gel 

application was −1.37 (95% CI: −2.18 to −0.56). Therefore, 

the two groups showed slightly larger differences when 

studies without oral prophylaxis before fluoride gel 

application were considered; however, the difference was 

not statistically significant (Fig. 4)
2,5,7-21)

.

3. Risk of bias in the included studies

We used the Cochrane Collaboration’s tool for assessing 

the risk of bias (Cochrane Handbook for Systematic 

Review of Intervention, ver. 5.1)
22)

 in seven domains, 

namely sequence generation, allocation concealment, 

blinding of participants/personnel, blinding during outcome 

assessment, incomplete outcome data, selective reporting, 

and other bias. We described information reported in the 

study and assigned a judgment relating to the risk of bias 

for that entry. Then, we assigned the studies into the 

following categories: low risk of bias (plausible bias 

unlikely to seriously alter the results, low risk of bias 

assessed for all seven domains); high risk of bias (plausible 

bias that seriously weakens the results, high risk of bias 

assessed for at least one domain); and unclear risk of bias 

(plausible bias that raises some doubt about the results, 
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Fig. 4. Comparison prophylaxis vs no prophylaxis ,outcome D(M)FS index difference before fluoride gel application. SD: standard devia-
tion, CI: confidence interval.

unclear risk of bias assessed for at least one domain, with 

no judgment of high risk for any domain). The results of 

bias risk assessments are shown in Fig. 5
2,5,7-21)

.

Discussion

Over the past few decades, the prevalence of dental 

caries has gradually decreased, but a significant number of 

children and adolescents are still afflicted with this 

disease. Thus, if not treated early, it can cause severe pain 

and negatively impact the oral health-related quality of 

life. Therefore, the prevention of dental caries, a chronic 

disease, is important, and additional preventive measures 

such as the use of sealants, regular topical fluoride 

application, use of auxiliary oral care products, and regular 

check-ups along with regular tooth-brushing after meals 

are recommended
23-25)

. Fluoride use was a part of dental 

caries prevention programs in the 1940s. The most initial 

measure was public water fluoridation in the USA and 

Canada, which was subsequently adapted by other countries 

worldwide
26)

. Currently, fluoride is widely used as a 

prophylactic agent for early dental caries, and it is 

extensively used in clinical settings as a form of 

preventive therapy on the basis of reports of its ability to 

prevent initial carious lesions via plaque removal, removal 

of demineralized enamel without exposing the tooth 

surface to cariogenic challenge, and promotion of enamel 

remineralization by minimizing mineral loss
3,6,27)

. A low 

concentration of fluoride must remain on the enamel 

surface in the oral cavity, and good effects can be achieved 

if plaque, saliva, and oral soft tissues act as reservoirs and 

remain loosely bound to the enamel surface. Moreover, 
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Fig. 5. ‘Risk of bias’ summary: review authors' judgements about 
each risk of bias item for each included study.  

continued exposure to low concentrations of fluoride 

through the consumption of fluoride-containing water, 

salt, and milk is also an excellent method, while the 

application of highly concentrated fluoride gels and 

varnishes by clinical professionals has also been reported 

as a noteworthy method28). However, some studies 

reported that tooth-brushing at least twice a day with 

toothpaste containing fluoride was more important24,29), 

whereas one study reported that there were no significant 

differences in the caries prevention rate between a group 

that received fluoride treatment and a group that did not11). 

Therefore, there are inconsistencies among study results, 

and it is possible that the method of fluoride use would be 

different in actual clinical settings, which would also 

result in differences in effects. Moreover, effects may 

differ under the influence of the following factors: 

professional cleaning or self-cleaning of teeth before 

topical fluoride application, mode of application (self or 

professional), pretreatment procedures (air drying of the 

tooth surface, saliva control), patient compliance with 

treatment, and compliance with post-treatment instructions. 

To derive latest evidence on the preventive effects of 

topical fluoride gel application on dental caries in the 

permanent teeth of children and adolescents, we 

performed a meta-analysis by systematically reviewing 

RCTs. Moreover, we performed a subgroup analysis to 

investigate whether the effects of topical fluoride gel 

application differed if teeth were professionally cleaned or 

self-cleaned before application. We found that the 

D(M)FS and D(M)FT indices were lower in the 

experimental group than in the control group (placebo or 

no treatment). In other words, topical fluoride application 

on permanent teeth was effective in preventing dental 

caries. In a recent systematic review conducted by 

Marinho et al.
1)

, a total of 25 studies were quantitatively 

synthesized (total of 8,479 subjects). The pooled estimate 

for the D(M)FS preventive fraction was 0.28% (95% CI: 

0.19 to 0.36, p＜0.001), indicating a large preventive 

effect. Therefore, the effects of topical fluoride gel 

application were similar to those found in the present 

review. However, in the previous meta-analysis, studies 

conducted by Truin and van't Hof
2)

 and Jiang  et al.
9) 

in 

2005 were the latest studies. The present study included 

two articles from 2011
7,11)

, and a total of 17 RCTs were 

finally included after the application of stringent inclusion 

and exclusion criteria. Thirteen of these 17 studies were 

also included in the previous review of 2015
2,5,8-10,12-19)

, 

while four were newly added
7,11,20,21)

. Also, in the previous 

study, the inclusion criteria did not specifically mention 

the fluoride application method. For example, it included 

studies that used various methods such as fluoride 

application on a toothbrush by a professional, the use of 

foam-type fluoride, fluoride application simultaneous with 

professional tooth cleaning with fluoride-containing 

toothpaste, and combined programs including oral health 

education
1,30-32)

. However, we applied stringent inclusion 

and exclusion criteria for investigating the effects of 

topical fluoride gels, which are extensively used in clinical 

settings. Moreover, we only considered permanent teeth 

and excluded studies that assessed primary teeth
33,34)

. 

In the present review, we also assessed the effects of 

topical fluoride application after professional prophylaxis 

or self-cleaning of teeth. There was no significant 

difference in the effects of fluoride gel application between 
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studies where oral prophylaxis was performed before 

fluoride gel application and studies where no oral 

prophylaxis was performed before fluoride gel application. 

It remains unclear whether the biofilm should be 

completely eliminated before the application of fluoride, 

and whether fluorides should be applied in noncompliant 

children. However, according to the fluoride application 

guidelines published by the American Academy of 

Pediatric Dentistry, it was reported that prophylaxis prior 

to fluoride application did not increase efficacy compared 

with no prophylaxis. It is commonly accepted that regular 

tooth-brushing twice a day is adequate
35)

. Therefore, if 

patients are sufficiently not compliant, there should not be 

any problem without oral prophylaxis. Furthermore it 

would be necessary to use the findings of the present study 

to actively raise awareness about the caries-prevention 

effects of topical fluoride application among patients and 

guardians.

This study has some limitations. First, publication bias 

could not be assessed for the selected studies because 

unpublished gray literature was not included. Second, only 

four recent RCTs that were not included in the previous 

systematic review were included in the present one. Third, 

there was large heterogeneity among studies, but accurate 

heterogeneity assessments were not performed. Reviews 

including more of the latest studies are necessary, with 

additional analyses to enhance the present evidence, such 

as accurate heterogeneity assessments and sensitivity 

analyses. In a 2016 systematic review by Gao et al.
36)

, 

differences in effects according to the type of fluoride 

were studied, and 5% sodium fluoride varnish was 

reported to have the best effect on the remineralization of 

early enamel caries, while 38% silver diamine fluoride 

solution was effective in arresting dentin caries
36)

. 

However, relevant RCTs on this topic are very limited. 

Future studies should consider the type of fluoride, 

number of topical fluoride applications, duration of topical 

application, concentration of fluoride, differences in 

effects with different methods, and adverse effects 

associated with fluoride use. 

The biggest strength of our study is the assessment of 

only topical fluoride gel application, which is used most 

extensively in the clinical setting, for presenting evidence 

to prove its effectiveness. Moreover, we also conducted a 

subgroup analysis to assess differences in caries-prevention 

effects when topical fluorides were applied after 

professional cleaning or self-cleaning of teeth. The results 

of our subgroup analysis showed that the effects of 

fluoride gel application did not differ when patients 

received oral prophylaxis before fluoride application. This 

reaffirmed the results of previous studies, which showed 

that prophylaxis did not enhance the effects of fluoride 

application. On the basis of our findings, fluoride 

application should be recommended as a preventive 

treatment for tooth decay in children and adolescents. The 

effects of topical fluoride application on other conditions 

such as hyperesthesia, cervical abrasion in adults or the 

elderly, and dental root caries should be determined in 

future systematic reviews designed to provide highly 

reliable evidence. 
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