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Clinical Review

Introduction

In an aging world population, dental care and the knowl-
edge regarding prevention of caries is improving, resulting 
in more retained teeth than what past generations had 
(Ettinger 1999; US Department of Health and Human 
Services 2000; Griffin et al. 2004). Besides, the prevalence 
of gingival recessions increases with age. Thus, root sur-
faces are more frequently exposed to the oral environment; 
consequently, the risk for developing root caries lesions 
(RCLs) is rising, as reported for Germany, where RCL prev-
alence increased from 15.5% in 1997 to 45% in 2006 in 
65- to 74-y-olds (Michaelis and Schiffner 2006).

Caries lesions are supposed to develop more rapidly in 
dentin than in enamel due to a higher critical pH for dentin 
that is more frequently reached in surrounding dental bio-
film (Peters 2010). Moreover, the access to approximal 
RCLs for restorative management is limited or requires 

extensive removal of sound dental hard tissues. Therefore, 
several approaches to prevent initiation (Burt et al. 1986; 
Mojon et al. 1998; Tan et al. 2010) or inactivate RCLs (Papas 
et al. 2007; Ekstrand et al. 2013) have been proposed.

Clinical studies showed that the initiation of RCLs might 
be significantly reduced by the implementation of preven-
tive dental programs (Mojon et al. 1998) and/or by 

557330 JDRXXX10.1177/0022034514557330Journal of Dental ResearchNoninvasive Treatment of Root Caries Lesions
research-article2014

1Department of Operative Dentistry, Periodontology and Preventive 
Dentistry, RWTH Aachen University, Aachen, Germany

A supplemental appendix to this article is published electronically only at 
http://jdr.sagepub.com/supplemental.

Corresponding Author:
R.J. Wierichs, Department of Operative Dentistry, Periodontology and 
Preventive Dentistry, RWTH Aachen University, Pauwelsstrasse 30, 
52074 Aachen, Germany. 
Email: rwierichs@ukaachen.de

Systematic Review on Noninvasive 
Treatment of Root Caries Lesions

R.J. Wierichs1 and H. Meyer-Lueckel1

Abstract
The present systematic review critically summarizes results of clinical studies investigating chemical agents to reduce 
initiation or inactivation of root caries lesions (RCLs). Outcomes were DMFRS/DFRS (decayed, missing, filled root 
surfaces), surface texture (hard/soft), and/or RCI (root caries index). Three electronic databases were screened for 
studies from 1947 to 2014. Cross-referencing was used to further identify articles. Article selection and data abstraction 
were done in duplicate. Languages were restricted to English and German. Mean differences (MD) were calculated for 
changes in DMFRS/DFRS. Risk ratios (RR) were calculated for changes in surface texture and RCI in a random effects 
model. Thirty-four articles with 1 or more agents were included; they reported 30 studies with 10,136 patients who were 
20 to 101 y old; and they analyzed 28 chemical agents (alone or in combination). Eleven studies investigated dentifrices, 10 
rinses, 8 varnishes, 3 solutions, 3 gels, and 2 ozone applications. Meta-analyses revealed that dentifrices containing 5,000 
ppm F- (RR = 0.49; 95% confidence interval [95% CI] = 0.42, 0.57; high level of evidence) or 1.5% arginine plus 1,450 ppm F-  
(RR = 0.79; 95% CI = 0.64, 0.98; very low level) are more effective in inactivating RCLs than dentifrices containing 1,100 to 
1,450 ppm F-. Self-applied AmF/SnF

2
-containing dentifrice and rinse decreased the initiation of RCLs when compared with 

NaF products (standardized MD = 0.15; 95% CI = −0.22, 0.52; low level). Patients rinsing with a mouth rinse containing 
225 to 900 ppm F- revealed a significantly reduced DMFRS/DFRS (MD = −0.18; 95% CI = −0.35, −0.01; low level) when 
compared with a placebo rinse. Significantly reduced RCI was found for CHX (MD = −0.67; 95% CI = −1.01, −0.32; very 
low level) as well as SDF (MD = −0.33; 95% CI = −0.39, −0.28; very low level) when compared with placebo varnish. 
Regular use of dentifrices containing 5,000 ppm F- and quarterly professionally applied CHX or SDF varnishes seem to be 
efficacious to decrease progression and initiation of root caries, respectively. However, this conclusion is based on only 
very few well-conducted randomized controlled trials.
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chemical agents being professionally applied by the dentist 
(Baca et al. 2009) or by the patients’ themselves (Jensen and 
Kohout 1988; DePaola 1993). Some of these interventions 
were shown to prevent new RCLs and/or reverse active into 
inactive ones. Several narrative reviews with respect to pre-
vention of RCLs have been recently published (Leake 2001; 
Rodrigues et al. 2011; Ellwood et al. 2012; Walls and 
Meurman 2012; Gluzman et al. 2013). Nonetheless, no 
quantitative data synthesis (meta-analysis) has yet been 
published focusing on the efficacy of various agents to pre-
vent or inactivate RCLs.

Thus, this systematic review aimed to critically summa-
rize and evaluate results of clinical studies investigating 
chemical agents to reduce initiation of RCLs or inactivate 
existing ones.

Materials and Methods

Review Design

The present review aimed to systematically retrieve and 
analyze clinical studies investigating chemical agents to 
reduce the initiation of RCLs and/or increase their inactiva-
tion. A literature search was performed, and study inclusion 
followed predefined criteria. Extracted data were analyzed, 
assessing RCL initiation and/or their inactivation for vari-
ous chemical agents (fluoride compounds, chlorhexidine, 
ozone treatment, etc.) in different delivery systems (denti-
frice, mouth rinse, and varnish). Although analyses showed 
that different chemical agents may reduce the initiation of 

RCLs (Appendix Tables 2 and 3), meta-analyses were 
planned for chemical agents with similar intervention and 
outcome measures investigated in more than 1 study.

Search Strategy

A database search was performed in PubMed, EMBASE, 
and Cochrane Central Register of Controlled Trials for clini-
cal studies investigating root caries initiation (development) 
and root caries inactivation. We independently reviewed title 
and abstract of articles retrieved by the use of a search strat-
egy (Table 1) for articles published between January 1947 
and May 2014. We were not blinded to journal names or 
article authors. Language was restricted to English and 
German. A detailed sequence of filtering search results to 
include relevant articles can be found in the appendix. Gray 
literature was not evaluated. Agreement concerning study 
inclusion or data extraction was achieved by discussion. 
Selected articles were screened full-text. Cross-referencing 
was performed to identify further articles to be assessed.

Study Selection

We included nonblinded and blinded (double-blinded), ran-
domized and nonrandomized, controlled, and prospective 
studies, which had to fulfill certain inclusion criteria:

Participants: humans who retained a minimum of 1 nat-
ural tooth with exposed root surfaces with or without 

Table 1. Search Strategy as used for PubMed and Embase.

PubMed
1 Search (((root[Title/Abstract]) OR dentin*[Title/Abstract]) OR tooth[Title/Abstract]) OR teeth[Title/Abstract]
2 Search (caries[Title/Abstract]) OR carious[Title/Abstract]
3 Search ((#1 and #2))
4 Search root caries[MeSH Terms]
5 Search ((#3 or #4))
6 Search ((clinical*[Title/Abstract]) OR adult[Title/Abstract]) OR elderly[Title/Abstract]
7 Search ((#5 and #6))
8 Search (((((((((((remineralization) OR demineralization) OR remineralisation) OR demineralisation) OR texture) OR 

hard*) OR leathery) OR soft*) OR RCI) OR root caries index) OR dmf)
9 Search ((#7 and #8))
Embase
1 ((FT=root OR FT=dentin* ) OR FT=tooth ) OR FT=teeth
2 FT=caries OR FT=carious
3 1 AND 2
4 (FT=clincial* OR FT=adult ) OR FT=elderly
5 3 AND 4
6 ((FT=demineralization OR FT=demineralisation ) OR FT=remineralization ) OR FT=remineralisation
7 ((FT=texture OR FT=hard* ) OR FT=leathery ) OR FT=soft
8 (FT=RCI OR FT=root caries index ) OR FT=dmf
9 6 OR 1 OR 8
10 5 AND 9
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RCLs at the beginning completing the last exam of 
the study.

Intervention: preventive dental regimes (e.g., oral health 
instruction) and/or 1 or more chemical agents applied 
on 1 or more occasion by a dental professional (e.g., 
dentist, dental nurse) or self-applied by the patient.

Control: negative (placebo treatment), positive (other 
intervention; e.g., Duraphat varnish), or standard 
therapy.

Outcome: clinical or radiographic visible changes of 
active or inactive root caries. Visual-tactile criteria for 
active and inactive root caries were not classified in 
accordance to a certain score, since studies used dif-
ferent scoring systems (e.g., NIDR guideline, Pitts 
Diagnostic Criteria, definitions of Nyvad and Fejerskov 
1986) or evaluation was based on other scoring sys-
tems. If possible, incremental change was defined as 
a surface being scored sound at baseline developing 
to (active) root caries, filled or missing surface, or a 
surface with (active) root caries at baseline develop-
ing to a filled or missing surface at follow-up. Since 
tooth loss might have been unrelated to root caries, 
missing surfaces were removed from data if informa-
tion on missing teeth/surfaces was provided sepa-
rately. Inactivation was defined as surfaces with 
active root caries (e.g., soft surface texture) at base-
line that were identified as inactive caries (e.g., hard 
surface texture) or sound at follow-up.

Data Extraction

For longitudinal studies and clinical trials presented in dif-
ferent journals, only the most recent report of the study was 
used. Unpublished data were not sought from authors or 
obtained from other sources. Extracted data included:

•• study type and setting (if not given, university setting 
was assumed),

•• inclusion criteria and outcome definitions,
•• patients (age) and teeth (dentition),
•• mode of application (varnish, dentifrice, mouth 

rinse),
•• intervention program (operator applied or self-

applied; supervised or unsupervised),
•• interventions (pharmaceutical agent, type of control 

group),
•• clinical parameters (continuous data—DMFRS/T 

[decayed, missing, filled root surfaces/teeth], root 
caries index [RCI]; dichotomous data—surface tex-
ture; both kinds of data as primary or secondary out-
comes; if possible, relative data were recalculated to 
absolute numbers),

•• dropouts and follow-up (maximum follow-up over 
all groups was used), and

•• methodological issues (e.g., funding source for risk 
of bias assessment).

Data Synthesis and Grading

Data were tested for normal distribution (Shapiro-Wilk) and 
descriptively analyzed accordingly. The primary measures 
of effect between treatment and control groups were the 
mean differences (MDs) for studies based on the same units 
and standardized MDs for studies based on the same con-
struct but different scales. Changes were calculated for the 
following outcomes: DMFRS/DFRS and RCI. Dichotomous 
outcome data (e.g., surface texture) were analyzed by calcu-
lating risk ratios (RRs) and 95% confidence intervals (95% 
CIs). Again, a random effects model was used to calculate a 
pooled estimate of effect (Mantel-Haenszel chi-square sta-
tistic; Mantel 1963). Heterogeneity was assessed via I2 
(Higgins and Thompson 2002). Risk of bias assessment was 
performed according to guidelines outlined by the Cochrane 
Collaboration (Higgins et al. 2011). Grading of evidence 
was performed according to the GRADE network levels, 
based on Grade Profiler 3.6 (Guyatt et al. 2008). Publication 
bias was assessed by funnel plots (Egger et al. 1997).

Results

In sum, 1,593 articles were identified by screening elec-
tronic databases. Thirty-six articles were assessed for eligi-
bility, and 16 were identified by other sources (e.g., 
cross-references). A total of 52 articles were screened full-
text; 18 articles were excluded (Figure 1, Appendix Table 
1). Eventually, 34 articles were included reporting 30 trials 
with 10,136 patients who were 20 to 101 y old and analyz-
ing 28 chemical agents (Table 2, Appendix Tables 2 and 3). 
The median (25th/75th percentiles) follow-up time was 15 
(12/24) mo. Eleven studies investigated dentifrices (Jensen 
and Kohout 1988; Banoczy and Nemes 1991; Baysan et al. 
2001; Paraskevas et al. 2004; Papas et al. 2007; Papas et al. 
2008; Vered et al. 2009; Ekstrand et al. 2013; Hu et al. 2013; 
Souza et al. 2013; Srinivasan et al. 2013), 10 rinses (Ripa  
et al. 1987; Banoczy and Nemes 1991; Ravald and Birkhed 
1992; Wallace et al. 1993; Fure et al. 1998; Powell et al. 
1999; Paraskevas et al. 2004; Wyatt and MacEntee 2004; 
Petersson et al. 2007; Wyatt et al. 2007), 8 varnishes 
(Schaeken et al. 1991; Ravald and Birkhed 1992; Powell  
et al. 1999; Banting et al. 2000; Baca et al. 2009; Fure and 
Lingstrom 2009; Tan et al. 2010; Zhang et al. 2013), 3 (fluo-
ride) solutions (Fure and Lingstrom 2009; Tan et al. 2010; 
Zhang et al. 2013), 3 gels (Ravald and Birkhed 1992; 
DePaola 1993; Wallace et al. 1993), 2 ozone applications 
(Holmes 2003; Baysan and Lynch 2007), and 1 preventive 
dental regimes (Mojon et al. 1998). Eleven studies investi-
gated both initiation of RCLs and the change of RCLs, 11 
analyzed the change of RCLs, and 8 studied initiation of 
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RCLs compared with baseline. The initiation of RCLs and 
their inactivation were described most often on the basis of 
surface texture (13 studies: Schaeken et al. 1991; Mojon  
et al. 1998; Baysan et al. 2001; Holmes 2003; Baysan and 
Lynch 2007; Papas et al. 2007; Petersson et al. 2007; Fure 
and Lingstrom 2009; Petersson et al. 2011; Ekstrand et al. 
2013; Hu et al. 2013; Souza et al. 2013; Srinivasan et al. 
2013), DFMRS/DFRS (12 studies: Ripa et al. 1987; Jensen 
and Kohout 1988; Schaeken et al. 1991; Ravald and Birkhed 
1992; DePaola 1993; Wallace et al. 1993; Fure et al. 1998; 
Powell et al. 1999; Wyatt and MacEntee 2004; Baca et al. 
2009; Tan et al. 2010; Zhang et al. 2013), ECM (electrical 
caries monitor; 5 studies: Baysan et al. 2001; Baysan and 
Lynch 2007; Petersson et al. 2007; Petersson et al. 2011; Hu 
et al. 2013), or RCI (4 studies: Banoczy and Nemes 1991; 
Wyatt and MacEntee 2004; Baca et al. 2009; Vered et al. 
2009); only 8 studies used more than 1 assessment to 
describe RCLs. A detailed summary of included studies can 
be found in Appendix Tables 2 and 3.

Although analyses showed that different chemical agents 
may be capable of reducing the initiation of RCLs, meta-
analyses were performed only for chemical agents with 
similar interventions and outcome measures investigated in 
more than 1 study. Analyses could not be performed for var-
nish containing 22,500 ppm F- (Duraphat), since these stud-
ies used Duraphat as a control group without having a 
second (negative) control group (Ravald and Birkhed 1992; 
Fure and Lingstrom 2009) or the results were presented 
according to different indices (DMFRS or texture) and did 
not report all information required for recalculation 
(Schaeken et al. 1991; Tan et al. 2010). For CHX mouth 
rinses (Powell et al. 1999; Wyatt and MacEntee 2004; Wyatt 

et al. 2007) and ozone treatment (Holmes 2003; Baysan and 
Lynch 2007), recalculation was not possible owing to insuf-
ficient data presentation. Thus, meta-analyses were per-
formed only for dentifrice containing 5,000 ppm F- or 1.5% 
arginine plus 1,450 ppm F-, rinse containing 0.05% to 0.2% 
NaF (225 to 900 ppm F-), varnish containing SDF or CHX 
and combined use of dentifrice (1,500 ppm F-), and a rinse 
containing AmF/SnF

2
 (250 ppm F-). This strategy allowed 

meta-analyses of 17 articles, reporting 14 trials with 4,270 
patients, of whom 75.4% completed the studies (Fig. 2).

Patients using dentifrice containing 5,000 ppm F- (RR = 
0.49; 95% CI = 0.42, 0.57; Baysan et al. 2001; Ekstrand  
et al. 2013) or dentifrices containing 1.5% arginine plus 
1,450 ppm F- (RR = 0.79; 95% CI = 0.64, 0.98; Hu et al. 
2013; Souza et al. 2013) showed significantly higher num-
bers of RCLs being inactivated than patients using denti-
frice containing 1,100 to 1,450 ppm F-. Self-applied AmF/
SnF

2
-containing dentifrice (1,400 ppm F-) plus AmF/SnF

2
-

containing rinse (250 ppm F-) decreased the initiation of 
RCLs when compared with a NaF-containing dentifrice 
(1,400 ppm F-) plus NaF rinse (250 ppm F-; standardized 
MD = 0.15; 95% CI = −0.22, 0.52; Banoczy and Nemes 
1991; Paraskevas et al. 2004). Patients rinsing with a fluo-
ride mouth rinse (225 to 900 ppm F-) revealed a signifi-
cantly reduced DMFRS/DFRS (MD = −0.18; 95% CI = 
−0.35, −0.01) compared with those rinsing with a placebo 
rinse (Ripa et al. 1987; Wallace et al. 1993; Fure et al. 1998; 
Wyatt and MacEntee 2004). Compared with a respective 
placebo varnish, professionally applied 1% or 10% CHX 
varnish (MD = −0.67; 95% CI = −1.01, −0.32; Banting et al. 
2000; Baca et al. 2009; Tan et al. 2010) as well as profes-
sionally applied SDF varnish (MD = −0.33; 95% CI = 

Records registered from 
database searching  and 
screened: n=1593

Additional records identified 
through other sources 
(e.g. cross-references): 
n=16

Articles assessed for 
eligibility: n=36

Records excluded: n=1557

Full-text articles excluded: n=18

Exclusion due to:
No control: n=12
Other outcome: n=3
Other reasons: n=3

Articles included: n=34
Studies included: N=30

Studies included in meta-analyses of root caries development and/or their reversals: n=17; N=14

Studies excluded from 
meta-analyses due to:
the specific chemical agent was 
analyzed by only 1 study: N=7
Other reasons: N=9

Full-text articles: n=52

Figure 1. Study flow.
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−0.39, −0.28; Tan et al. 2010; Zhang et al. 2013) reduced 
initiation of RCLs significantly. Indirect comparisons were 
not analyzed.

Although no meta-analysis could be performed, fluoride 
varnish (22,500 ppm F-) applied every 3 mo seems to reduce 

the initiation of RCL more efficaciously (Schaeken et al. 
1991; Tan et al. 2010) and inactivate significantly more 
RCLs (Schaeken et al. 1991) when compared with placebo 
control or standard oral hygiene. Moreover, a higher num-
ber of RCLs may be inactivated when additionally treated 

Table 2. Chemical Agents and Their Product Names.

Brand Active Ingredients Study

Dentifrice
Colgate Total Plus Whitening 0.243% NaF + 0.3% triclosan + 2.0% 

copolymer
Papas et al. 2007; Vered et al. 2009

Enamelon 1,100 ppm F- as NaF + 1% CaSO
4
 + 1.1% 

NH
4
H

2
PO

4

Papas et al. 2008

Meridol 1,100 ppm F- as AmF/SnF
2

Banoczy and Nemes 1991; Paraskevas et al. 
2004

NaF (experimental, P&G) 1,100 ppm F- as NaF Jensen and Kohout 1988
Prevident 5,000/Duraphat 5,000 5,000 ppm F- as NaF Baysan et al. 2001; Ekstrand et al. 2013; 

Srinivasan et al. 2013
SnF

2
 (experimental, P&G) 0.0454% SnF

2
Papas et al. 2007

1,5% arginine plus 1,450 ppm F- (SMTP) 
(experimental, Colgate)

1.5% arginine plus 1,450 ppm F- (SMTP) Hu et al. 2013; Souza et al. 2013

Gel
Luride 1.2% F- as APF (acidulated phosphate 

fluoride)
Wallace et al. 1993

SnF
2
 gel (experimental, Apoteksbolaget 

AB)
0.4% SnF

2
Ravald and Birkhed 1992

Prevident Plus Gel + Prevident Brush-on 
Gel

12,000 ppm F- as NaF + 5,000 ppm F- as 
NaF

DePaola 1993

Mouth rinse
ACT 225 ppm F- as NaF Wallace et al. 1993
CHX rinse (experimental, Medisca 

Pharmaceutique Inc.)
0.12% CHX Wyatt and MacEntee 2004

Dentan 225 ppm F- as NaF Ravald and Birkhed 1992
Dentan Mint 225 ppm F- as NaF Fure et al. 1998
Elmex sensitive rinse 225 ppm F- as AmF/KF Petersson et al. 2007
Fluorigard Anti-cavity Dental Rinse 225 ppm F- as NaF Ripa et al. 1987
Fluorinse 900 ppm F- as NaF Wyatt and MacEntee 2004
Meridol 225 ppm F- as AmF/SnF

2
Banoczy and Nemes 1991; Paraskevas et al. 

2004
Periogard/Peridex 0.12% CHX Powell et al. 1999; Wyatt et al. 2007

Solution/varnish
Saforide 38% SDF (silver diamine fluoride) Tan et al. 2010; Zhang et al. 2013
SnF

2
 solution (experimental, n/a) 8% SnF

2
Fure and Lingstrom 2009

Varnish
Carisolv 0.475 NaOCl/2.23% NaF Fure and Lingstrom 2009
Cervitec 1 % CHX + 1% thymol Baca et al. 2009; Tan et al. 2010
CHX varnish (experimental, n/a) 10 % CHX Banting et al. 2000
EC 40 40% CHX Schaeken et al. 1991
Duraflor 22,600 ppm F- as NaF Powell et al. 1999
Duraphat 22,600 ppm F- as NaF Schaeken et al. 1991; Ravald and Birkhed 

1992; Fure and Lingstrom 2009; Tan et al. 
2010

Ozone
HealOzone Ozone Holmes 2003; Baysan and Lynch 2007
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Forest plot of comparison: 5,000 ppm F- vs. 1,100 – 14500 ppm F- den�frice, for outcome: surface 
texture at 6-8 months follow up �me

total number of lesions in test group: 315; total number of lesions in control group: 321

Forest plot of comparison: 1.5 % arginine plus 1,450 ppm F- vs. 14500 ppm F- den�frice, for outcome: 
surface texture at 6 months follow up �me

total number of lesions in test group: 270; total number of lesions in control  group: 258

Forest plot of comparison: AmF/SnF2-containing den�frice (1,400 ppm F-) plus AmF/SnF2 rinse (250 
ppm F-) vs. NaF-containing den�frice (1,400 ppm F-) plus NaF rinse (250 ppm F-), for outcome: change 
in RCI/DMFRS at 5/24 months follow up �me

total number of pa�ents in test group: 53; total number of pa�ents in control group: 62

Forest plot of comparison: 225 – 900 ppm F- vs. placebo mouth rinses for outcome: DMFRS (only new 
RCLs) at 24 – 48 months follow up �me

total number of pa�ents in test group: 617; total number of pa�ents in control group: 589

Forest plot of comparison: SDF vs. placebo varnish, for outcome: DMFRS (only new RCLs) at 24 – 36 

total number of pa�ents in test group: 134; total number of pa�ents in control group: 130

Forest plot of comparison: CHX vs. placebo varnish, for outcome: DMFRS (only new RCLs) at 12 – 36 
months follow up �me

total number of pa�ents in test group: 146; total number of pa�ents in control group: 159

months follow up �me

Figure 2. Quantitative meta-analyses for different chemical agents. DMFRS/DFRS (decayed, missing, filled root surfaces) or new root 
caries lesions (RCLs) were used to calculate mean differences (MDs) and 95% confidence intervals (95% CIs) for studies using the 
same units and standardized mean differences (SMDs) and 95% CIs for studies using the same construct but different scales. Surface 
texture scores were used to calculate risk ratio (RR) and 95% CI. Forest plots, heterogeneity parameter (I2) as well as overall statistics 
(Z, P) are given.
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with ozone, as compared with no treatment. For CHX 
mouth rinses, all studies reported no significant difference 
in RCL outcomes when compared to no treatment or pla-
cebo treatment.

Risk of bias was assessed for all 30 studies (Table 3). 
Twenty-nine studies were randomized controlled trials; 1 
study was a nonrandomized but controlled trial (Mojon  
et al. 1998). Risk of bias was very low for 5 studies (Baysan et 
al. 2001; Wyatt and MacEntee 2004; Wyatt et al. 2007; Tan et 
al. 2010; Petersson et al. 2011). Adverse events possibly related 
to one of the used products were only reported in 2 studies 
(Banting et al. 2000; Papas et al. 2007). Eleven studies were 
not sponsored by the manufactures of the tested products. 
Grading of evidence for meta-analyses showed a high level of 
evidence for dentifrices containing 5,000 ppm F-; a low level 
for AmF/SnF

2
 fluoride and fluoride mouth rinse; and a very 

low level for SDF solution, CHX varnish, and 1.5% arginine 
plus 1,450 ppm F- containing dentifrice (Appendix Table 4).

Discussion

The present review investigated primary and secondary pre-
vention of RCLs for different chemical agents. A variety of 
studies on 28 agents was extracted from the literature with 
the aim of investigating the initiation of RCLs and/or their 
inactivation. This reflects that, obviously, no gold standard 
therapy for noninvasive treatment of RCLs has been agreed 
on yet. The highest number of studies was found for CHX 
and fluoride varnish as well as for NaF rinses, with all 3 
being analyzed in only 4 studies each. Several authors 
observed improved and intensified oral hygiene for all 
patients by participating, even in control groups (Banoczy 
and Nemes 1991; Ravald and Birkhed 1992; DePaola 1993; 
Baysan et al. 2001; Papas et al. 2007; Hu et al. 2013; Souza 
et al. 2013). These findings could be considered to be the 
study effect (Banoczy and Nemes 1991), underlining that 
regular dental checkups to remotivate patients to perform 
oral hygiene properly seem to be first choice to manage 
RCLs (Nyvad and Fejerskov 1986).

This systematic review of the literature identified differ-
ent types of application and agents to reduce the initiation 
or to inactivate RCLs. Meta-analyses were carried out only 
where comparisons of agents were investigated in more 
than 1 study (6 comparisons):

•• Daily use of dentifrice containing 5,000 ppm F- 
seems to be more efficacious in reducing active 
RCLs (193 of 315 lesions inactivated) than dentifrice 
containing 1,100 to 1,450 ppm F- (70 of 321 lesions 
inactivated). This is in line with a previous review 
(Marinho et al. 2003) and several studies (Marks  
et al. 1994; Biesbrock et al. 2001; Stookey et al. 2004; 
Davies and Davies 2008) reporting a fluoride dose-
response for enamel caries lesions. Thus, especially 

for elderly people with exposed root surfaces, high-
dose fluoride toothpaste inactivating 51% more 
RCLs compared with standard fluoride toothpaste 
seems recommendable.

•• Daily use of dentifrice containing 1.5% arginine plus 
1,450 ppm F- inactivates 21% more RCLs (178 of 
270 lesions inactivated) than dentifrice containing 
1,450 ppm F- (147 of 258 lesions inactivated). This is 
consistent with studies (no meta-analysis available) 
on enamel caries lesions in 7- to 14-y-old patients 
(Srisilapanan et al. 2013; Yin, Hu, Fan, et al. 2013; 
Yin, Hu, Li, et al. 2013). Nonetheless, evidence level 
was graded as very low, and both studies included in 
this meta-analysis showed a high risk of bias, indicat-
ing that further high-qualitative clinical studies are 
warranted.

•• Daily use of AmF/SnF
2
-containing dentifrice (1,400 

ppm F-) plus AmF/SnF
2
-containing rinse (250 ppm 

F-) does not seem to prevent root caries more effica-
ciously than NaF-containing dentifrice (1,400 ppm 
F-) plus NaF-containing rinse (250 ppm F-). This cor-
roborates findings for enamel caries lesions around 
brackets of orthodontic patients (Ogaard et al. 2006). 
For this agent, no systematic review on enamel car-
ies lesions is available. For root caries studies, ran-
domization procedures and allocation concealment 
were not thoroughly explained and both studies used 
different outcomes.

•• This review found a trend (small effect [Cohen 
1988]; MD = −0.18) toward a lower number of new 
RCLs for additional daily use of 225 to 900 ppm F- 
as compared with placebo rinses. Concurrently, one 
of the studies (Ripa et al. 1987) observed no signifi-
cant differences in 3-y coronal DMFS increments. In 
contrast, a previous review revealed a significantly 
lower coronal caries incidence for additional fluoride 
rinse, as compared to placebo or nonrinsing (Marinho 
et al. 2003). Since the findings for coronal caries 
showed a rather good efficacy, it seems plausible to 
recommend the daily use of NaF rinses to reduce not 
only the initiation of coronal caries lesions but also 
the initiation of RCLs.

•• Professionally applied CHX (1% or 10%) compared 
with placebo varnish reduced the initiation of RCLs 
(moderate effect; MD = −0.67). With respect to coro-
nal caries in children and young adults, it has been 
shown that CHX varnish revealed a significant car-
ies-inhibiting effect when it is applied every 3 to  
4 mo (Zhang et al. 2006). This review included 10 
studies analyzing permanent molars, premolars, or 
all teeth. A narrative review of 22 studies observed 
inconclusive evidence for an anticaries effect of 
CHX-containing varnishes for different locations 
(young permanent dentition, proximal sites, fissures, 
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white spot lesions, root caries; Twetman 2004). An 
additional caries-preventive effect of CHX varnishes 
could be revealed only for fissure caries when com-
pared with no treatment in children with low fluoride 
exposure. In light of these reviews, the present meta-
analysis underlines the possible (root) caries-inhibiting 
effect of CHX varnish.

•• Professionally applied SDF varnish may reduce the 
number of developing RCLs when compared with a 
placebo varnish (moderate effect; MD= −0.33). 
Application frequency varied from quarterly (Tan  
et al. 2010) to annually (Zhang et al. 2013). Earlier 
studies on SDF showed a significantly higher num-
ber of arrested caries lesions when compared to pla-
cebo or no treatment (Chu et al. 2002; Llodra et al. 

2005; Yee et al. 2009; Zhi et al. 2012). Although 
these studies investigated the efficacy of SDF in 
arresting occlusal cavitated dentine caries in primary 
teeth up to 36 mo, only 1 study removed the superfi-
cial carious enamel. The lack of economic resources 
might be the reason why caries was not removed at 
the study site; nonetheless, the design of the study 
remains questionable. It is, however, interesting to 
note that SDF may reduce the initiation of RCLs.

The analyzed studies used several slightly different criteria 
to detect RCLs and/or to assess the activity (or inactivity) of 
RCLs, which may lead to certain biases. The most common 
factors were hardness, cavitation, color, and dimension of 
the lesions; sometimes, the distance of the lesion to the 

Table 3. Risk of Bias of Included Studies.

RSS AC BPP BOA IOD SR SM COI

Included in meta-analyses
Baysan et al. 2001 + + + + + + − ?
Ekstrand et al. 2013 − − + ? ? + − −
Hu et al. 2013 ? ? + + + + − ?
Souza et al. 2013 ? ? + ? + + − ?
Banocy and Nemes 1991 ? ? + + ? + ? ?
Paraskevas et al. 2004 ? + + + + + − ?
Fure et al. 1998 ? ? n/a ? + + − ?
Ripa et al. 1987 ? ? + + + + + ?
Wallace et al. 1993 + + n/a + + ? − ?
Wyatt and MacEntee 2004 + ? + + + + + ?
Baca et al. 2009 + ? + + ? + − +
Banting et al. 2000 ? ? + + + + ? ?
Tan et al. 2010 − + + + + + + ?
Zhang et al. 2013 + ? n/a + + − + ?

Excluded from meta-analyses
Baysan and Lynch 2007 ? − n/a + + + + ?
DePaola 1993 ? ? ? ? + + ? ?
Fure and Lingstrom 2009 + + − + + + + ?
Holmes 2003 ? ? + + + + + ?
Jensen and Kohout 1988 + ? + + + + − ?
Mojon et al. 1998 − − n/a − ? + − ?
Papas et al. 2007 + + + + + − − −
Papas et al. 2008 + + + + − + − ?
Petersson et al. 2007 ? ? + + + + − ?
Petersson et al. 2011 + + + + + + ? +
Powell et al. 1999 + ? n/a + + + + ?
Ravald and Birkhed 1992 + ? n/a + ? + + ?
Schaeken et al. 1991 − − − + + + + ?
Srinivasan et al. 2013 + + − + + + − −
Vered et al. 2009 ? ? + + ? + − ?
Wyatt et al. 2007 + + + + + + + ?

−, high; +, low; ?, unknown; n/a, blinding not possible due to different treatments.
AC, allocation concealment; BOA, blinding of outcome assessment; BPP, blinding of participants and personnel; COI, conflict of interest; IOD, 
incomplete outcome data; RSS, random sequence generation; SM, sponsoring by manufacturer; SR, selective reporting.
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gingival margin was analyzed as well. The definition of 
these criteria and the presentation of the results varied 
widely within randomized controlled trials—with some 
reporting relative indices (∆DMRS/T, changes in surface 
textures, and RCI) and some reporting absolute indices 
(DMFRS/T, surface texture). Extracting all information to 
recalculate data for the present meta-analysis was not pos-
sible for all studies, since not all findings were either 
assessed or reported. Therefore, no meta-analysis could be 
performed for fluoride varnish, CHX mouth rinse, and 
ozone application. Two studies—one analyzing both CHX 
(EC 40) and fluoride varnish (Duraphat; Schaeken et al. 
1991) the other analyzing highly concentrated fluoride den-
tifrice (Duraphat 5000; Srinivasan et al. 2013)—had to be 
excluded from quantitative analyses. The gained evidence 
is additionally limited by the focus of the studies and the 
follow-up times. Some of the included studies observed the 
initiation and inactivation of RCLs but primarily investi-
gated microbiology of residual (root) caries (Paraskevas et 
al. 2004; Papas et al. 2007). Follow-up times were rather 
short (median, 15 mo). Only 12 studies reported outcomes 
over 24 mo or longer. However, all these factors were 
reflected in risk-of-bias analysis and evidence grading.

In conclusion, this systematic review sorted out different 
chemical agents for professional use or home use for pri-
mary and secondary prevention of RCLs being studied at a 
higher level of evidence. Based on meta-analysis, dentifrice 
containing 5,000 ppm F- and professionally applied CHX or 
SDF varnish may inactivate existing and/or reduce the ini-
tiation of RCLs. However, results should be interpreted 
with caution, due to the low numbers of clinical trials for 
each agent, the high risk of bias within studies, and the lim-
iting grade of evidence.
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