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Original Article
The effect of fluoride varnish and chlorhexidine gel on white spots 
and gingival and plaque indices in fixed orthodontic patients: 
A placebo‑controlled study
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ABSTRACT

Background: Difficulties to maintain good oral hygiene during orthodontic treatment can 
cause prolonged accumulation of dental plaque, thereby increasing the risk of developing gingival 
inflammation and periodontal disease as well as enamel demineralization and caries. The purpose 
of this study was to determine the effect of chlorhexidine (CHX) gel and fluoride varnish versus 
placebo and control groups on plaque and gingival indices as well as their influence on enamel 
demineralization prevention in orthodontic patients with fixed appliances.
Materials and Methods: In this clinical trial, forty patients with fixed orthodontic appliances 
were participated and were divided into control, CHX gel (0.2%), fluoride varnish (5%), and placebo 
groups. The parameters evaluated in this research were dental plaque index (DPI), index of gingival 
inflammation, and white spot lesion (WSL) index. For all the patients, each index was scored at the 
beginning of orthodontic treatment, then 3 months, 6 months, and 9 months afterward. Data were 
analyzed using Kruskal–Wallis and Mann–Whitney tests. The level of significance was set at 0.05.
Results: All the scores showed statistically significant differences (P < 0.05) between the four 
groups for each of the three time points. A statistically significant decrease of DPI, WSL index, and 
gingival index was observed 9 months after treatment in fluoride and CHX groups.
Conclusion: Adding CHX gel and fluoride varnish to the patients’ oral hygiene regimen can reduce 
the development of plaque and gingivitis and decrease WSLs in orthodontic patients.
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INTRODUCTION

Dental caries is one of the most important oral cavity 
diseases, which initially appears as a white spot 
lesion (WSL) due to the loss of mineral content.[1] 
After the introduction of orthodontic fixed appliances 
into the oral cavity, some rapid ecologic changes such 
as increase of Streptococcus mutans have been reported 

in the saliva and plaque of patients.[2] Prevention of 
demineralization and occurrence of new carious lesions 
in orthodontic patients is rather difficult. Besides, good 
oral hygiene and regular supplementation techniques 
are often needed.[3,4]
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After bracket placement, WSLs can be identified 
within 1 month although it takes at least 6 months 
before caries becomes notable.[4] These lesions are 
predominantly in sites adjacent to brackets and are 
usually formed at the buccal surfaces, especially 
in the gingival region.[5,6] Plaque also harbors the 
cariogenic bacteria, potentially capable of hard tissue 
damage, especially at the bracket margins.[7]

Mechanical and chemical cleaning of tooth surface 
with regular brushing and mouth rinses can help 
reduce plaque formation and accumulation; therefore, 
it prevents gingival and dental diseases during 
orthodontic appliance therapy.[8] Good plaque control 
is very difficult in patients with fixed orthodontic 
appliances. To improve mechanical plaque removal, 
incorporation of a chemotherapeutic agent such as 
an antibacterial mouth rinse into the oral hygiene 
regimen can be helpful.[9,10]

Chlorhexidine (CHX) is the most potentially 
documented antimicrobial agent against mutans 
streptococci (MS) and dental caries. Different 
modes of administration are recommended for caries 
prevention.[11‑13] The form that CHX is delivered such 
as varnishes, gels, and rinsing solutions determines 
the mode of its effect. The contact time of CHX with 
intraoral tissues, its concentration and rate of release, 
are factors affecting its persistence of bacterial 
suppression. Depending on these particular factors, 
CHX varnishes establish the most persistent reduction 
in MS, followed by gels and mouthwashes.[14,15] 
Studies have shown that a long‑lasting suppression of 
MS concentrations can be achieved by application of 
CHX varnishes and gels compared with other forms 
of application.[16,17] High and low concentrations have 
been reported to reduce the number of MS in plaque 
and saliva for considerable periods of time.[18,19] The 
safety of CHX has been reportedly confirmed although 
a drawback of CHX is the associated staining of 
pellicle. The effect of subgingival irrigation with CHX 
on gingivitis in adolescents with fixed orthodontics 
has been reported by Morrow et al.[20]

Topical application of fluoride varnish at least around 
anterior teeth is suggested in high‑risk patients, 
for example, for orthodontic patients at every 
orthodontic adjustment appointment.[21] However, the 
most recommended type of fluoride by orthodontists 
is daily use of 0.05% sodium fluoride rinse in 
conjunction with fluoridated dentifrice.[22] Perhaps, 
this recommendation was based on the research done 

on nonorthodontic adolescent patients, suggesting 
that this approach may significantly help reduce 
caries rates. Further, the efficacy of fluoride rinses in 
WSL prevention in patients undergoing orthodontic 
treatment is questionable, and there is weak and mixed 
evidence on this topic. Moreover, it should be noted 
that patients’ compliance with such rinses is poor.[23] 
There is evidence regarding the ability of amorphous 
calcium phosphate (ACP) in remineralization of 
WSL after orthodontic treatment. Some studies have 
reported no significant advantage for the use of ACP 
along with regular oral hygiene regimen including 
1,000 ppm fluoride toothpaste.[24,25]

Plaque accumulation which can lead to WSL 
formation and gingival inflammation represent 
a significant challenge to excellence in clinical 
orthodontics. The risk assessment methods and 
finding the best preventive materials may help to 
minimize this common problem in your patients; 
however, no matter how hard we strive, it is unlikely 
that this problem can be completely eliminated. For 
this reason, it is imperative for both orthodontists 
and general practitioners to have consistent protocols 
for caries risk assessment, prevention, intratreatment 
management, and treatment of WSL.

The purpose of this study was to evaluate the effect 
of CHX and fluoride varnishes on plaque and gingival 
indices as well as their efficiency in preventing 
demineralization in orthodontic patients with fixed 
appliances. An attempt was also made to compare 
the results of these groups with control and placebo 
groups.

MATERIALS AND METHODS

This clinical trial included 40 patients 
(20 females and 20 males), who were treated in the 
Department of Orthodontics of Dental School, Isfahan 
University of Medical Sciences. This trial is registered 
with IRCT registry ID: IRCT2016122531558N1. The 
participants were selected based on simple sampling 
and were randomly divided into four groups. The 
participants were qualified on the basis of the 
following criteria:
• Having orthodontic appliances in both jaws and 

undergoing a nonextraction orthodontic therapy
• Aged over 18
• Showing no allergic reaction to the materials used
• No history of previous orthodontic therapies
• No systematic diseases affecting teeth such as 
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amelogenesis and dentinogenesis imperfecta
• No systematic diseases affecting gum inflammation 

such as lichen planus and pemphigus
• No clinical evidence of periodontal diseases
• No medical problems or evidence of current 

antibiotic therapy or using drugs affecting salivary 
secretion.

Patients who did not follow the given oral hygiene 
instructions were excluded from this study (To 
exclude the patients who did not follow the oral 
hygiene program, participants were questioned each 
session).

The study population had a mean age of 
23 years (range: 18–34). The patients were divided 
into control group (n = 10), CHX group (n = 10), 
fluoride group (n = 10), and placebo group (n = 10).

Clinical procedures
Before the beginning of examination, all of the 
selected volunteers were instructed on toothbrushing 
technique (bass technique) and flossing.

As shown, teeth were selected based on proposed 
method for plaque and gingival index (GI) and white 
spot by Silness and Loe:

Preparations
Prophylaxis
For all groups before varnish administration, plaque 
removal was done using toothbrush and toothpaste. 
Tested materials were applied to teeth surfaces around 
brackets, and patients were asked not to drink or eat 
anything for 2 h.

Bonding
All the brackets were bonded with nonfluoride 
adhesives according to standard procedures.

Clinical measurements
The materials used were CHX varnish 
(0.2%, Periokin, Spain), sodium fluoride varnish 
alcohol free (5%, Pascal, America) and 70% Wt% 
sorbitol solution for placebo group. They were applied 
in every 3 months.

The following parameters, including dental plaque 
index (DPI) of Silness‑Löe and GI and index of 
gingival inflammation of Löe and Silness, were 
recorded at baseline (day 0), and after 3, 6, and 
9 months.[26]

The WSL index was assessed using the International 
Caries Detection and Assessment System (ICDAS).[27] 

ICDAS was also recorded through visual evaluation 
of selected tooth at baseline (day 0) and after 3, 6, 
and 9 months’ surfaces. The scoring was performed 
as follows: (0) no visible WSL or surface 
disruption (no demineralization); (1) visible 
WSL covering less than one‑third of the surface, 
without surface disruption (mild demineralization); 
(2) visible WSL covering more than one‑third 
of the surface, with a roughened surface but not 
requiring restoration (moderate demineralization), 
and (3) visible cavitation, requiring restoration 
(severe demineralization).[28]

Statistical analysis
Continuous variables were expressed as 
mean ± standard deviation (SD), and t‑test was 
used to compare the means among groups. 
Data were analyzed using Kruskal–Wallis and 
Mann–Whitney tests. SPSS version 21 (SPSS Inc., 
Chicago, Illinois, USA) was used for data analysis. 
P ≤ 0.05 was considered statistically significant for 
all analyses.

RESULTS

A total of 40 (20 male, 20 female) orthodontic 
patients aged 18–34 years (mean ± SD = 23.53 ± 4.5) 
were included in this study and assigned into four 
subgroups of 10 (5 males, 5 females).

Descriptive statistics for DPI, GI, and WSL index 
in control and experimental groups (placebo, CHX, 
and fluoride) at each of the four time intervals are 
illustrated in Table 1.

The frequency rates of patients with WSLs at the 
beginning and after 3, 6, and 9 months of treatment 
are presented in Table 2.

Figures 1‑3 display significant differences between the 
examined and control groups for the WSL index, DPI, 
and GI scores in the four time points (baseline, after 
3, 6, and 9 months).

The results of Kruskal–Wallis test showed significant 
changes in all three indices and all groups after the 
9‑month period (P < 0.05).

After using fluoride and CHX for 9 months, GI 
decreases significantly (P < 0.05) while the changes 
in placebo and control groups were not statistically 
significant.

Based on the results of Mann–Whitney test, a 
significant decrease in plaque was observed when 



Figure 1: Mean white spot lesion values in control and 
examined groups (placebo, chlorhexidine, and fluoride) at 
time intervals.
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comparing CHX with control (P = 0.00) and CHX 
with placebo (P = 0.03). CHX effectiveness in WSL 
reduction was also significant compared to control 
group (P = 0.001) and placebo group (P = 0.009). 
Furthermore, decrease in WSLs was significantly 
more in CHX group compared to fluoride 
group (P = 0.001). Fluoride was significantly more 
effective in plaque reduction compared to control 
group although its difference with placebo group was 
not significant. The only difference between control 
and placebo groups was observed in plaque index, 
being significantly lower in placebo group (P = 0.01).

DISCUSSION

High prevalence of dental caries, especially in 
high‑risk patients, has made them the target of 
many interventions. The effect of using fluoridated 
toothpastes,[29] other topically applied fluorides,[30] 
fluoridated municipal water,[31] and pit and fissure 
sealants[27] in the prevention of plaque and caries still 
remains vague. There is controversy regarding the use 
of CHX for caries prevention. It has been reported that 
the most persistent reduction of MS can be achieved 
by CHX varnishes, followed by gels and mouth rinses. 
This evidence is rather suggestive but incomplete. 
Variable study designs and lack of data in high‑risk 

Table 2: Frequency of patients with white spot 
lesions at the beginning, 3, 6, and 9 months after 
treatment
Group WSL (time intervals) 0 (%) 1 (%) 2 (%) 3 (%)
Control WSL (0) 0 9 (90) 1 (10) 0

WSL (3) 0 9 (90) 1 (10) 0
WSL (6) 0 9 (90) 1 (10) 0
WSL (9) 0 7 (70) 3 (30) 0

Fluoride WSL (0) 0 6 (60) 4 (40) 0
WSL (3) 0 9 (90) 1 (10) 0
WSL (6) 0 8 (80) 2 (20) 0
WSL (9) 0 10 (100) 0 0

Placebo WSL (0) 0 9 (90) 1 (10) 0
WSL (3) 0 7 (70) 3 (30) 0
WSL (6) 0 8 (80) 1 (10) 1 (10)
WSL (9) 0 9 (90) 0 1 (10)

Chlorhexidine WSL (0) 0 5 (50) 5 (50) 0
WSL (3) 0 8 (80) 2 (20) 0
WSL (6) 0 9 (90) 1 (10) 0
WSL (9) 0 10 (100) 0 0

WSL: White spot lesion

Table 1: Descriptive statistics for dental plaque index, gingival index, and white spot lesion index in control 
and examined groups (placebo, chlorhexidine, and fluoride) at the beginning, after 3, 6, and 9 months
Group Index Mean±SD Index Mean±SD Index Mean±SD
Chlorhexidine DPI (0) 0.235±0.11 WSL (0) 1.500±0.52 GI (0) 0.155±0.15

DPI (3) 0.123±0.13 WSL (3) 1.200±0.42 GI (3) 0.056±0.06
DPI (6) 0.009±0.01 WSL (6) 1.100±0.31 GI (6) 0.035±0.07
DPI (9) 0.003±0.06 WSL (9) 1.100±0.00 GI (9) 0.014±0.03

Placebo DPI (0) 0.269±0.14 WSL (0) 1.100±0.31 GI (0) 0.028±0.06
DPI (3) 0.245±0.21 WSL (3) 1.300±0.48 GI (3) 0.042±0.07
DPI (6) 0.173±0.16 WSL (6) 1.300±0.67 GI (6) 0.052±0.11
DPI (9) 0.109±0.16 WSL (9) 1.200±0.63 GI (9) 0.028±0.06

Fluoride DPI (0) 0.058±0.16 WSL (0) 1.400±0.51 GI (0) 0.107±0.14
DPI (3) 0.233±0.22 WSL (3) 1.100±0.31 GI (3) 0.056±0.07
DPI (6) 0.215±0.18 WSL (6) 1.200±0.42 GI (6) 0.012±0.02
DPI (9) 0.249±0.21 WSL (9) 1.000±0.00 GI (9) 0.002±0.00

Control DPI (0) 0.212±0.17 WSL (0) 1.100±0.31 GI (0) 0.043±0.08
DPI (3) 0.198±0.18 WSL (3) 1.100±0.31 GI (3) 0.066±0.13
DPI (6) 0.142±0.17 WSL (6) 1.100±0.31 GI (6) 0.075±0.13
DPI (9) 0.135±0.18 WSL (9) 1.300±0.48 GI (9) 0.045±0.09

DPI: Dental plaque index; GI: Gingival index; WSL: White spot lesion; SD: Standard deviation



Figure 2: Mean plaque index values in control and examined 
groups (placebo, chlorhexidine, and fluoride) at time intervals.

Figure 3: Mean gingival index in control and examined 
groups (placebo, chlorhexidine, and fluoride) at time intervals.
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In a systematic review done by Chen et al., it was 
noted that there is lack of reliable evidence to support 
the effectiveness of remineralizing agents for the 
treatment of orthodontic WSLs.[34]

In a systematic review done by Migliorati et al.,[35] 
the efficacy of professional hygiene and prophylaxis 
on preventing plaque increase in orthodontic patients 
with multibracket appliances was assessed and it was 
found that an optimal oral health maintenance during 
orthodontic treatment should be a gold standard 
in today’s practice; nevertheless, literature on this 
topic is lacking as well as high‑quality studies like 
randomized controlled trial (RCT). Future high‑quality 
research is recommended.

In a systematic review in 2016, the effects of CHX 
varnish on caries during orthodontic treatment were 
assessed and it was found that high‑quality clinical 
trials to examine CHX varnish effectiveness on caries 
prevention during orthodontic treatment are clearly 
needed.[36]

In a RCT done by Singh et al.,[37] in 2016, the effects 
of various remineralizing agents on the outcome of 
postorthodontic WSLs was evaluated. It was found 
that the use of 5% NaF varnish in addition to twice 
daily use of 1000 ppm of fluoride toothpaste had no 
additional beneficial effect in the remineralization of 
orthodontic WSLs, which was in contrast with the 
result of our study.

The results of our study demonstrated a statistically 
significant decrease for DPI and GI in both groups of 
fluoride and CHX in all three times of follow‑up.

CHX has known antiplaque and antigingivitis effect and 
it may be employed as an adjunct to other preventive 
measures such as professional care and patient‑oriented 
instruction on an intermittent basis to reduce the 
plaque‑induced iatrogenic side effects and to enhance 
the efficacy of oral hygiene measures in connection 
with orthodontic therapy with fixed appliances.[15,38]

Several studies in the literature are in agreement with 
the results of our study, confirming that CHX and 
fluoride varnishes can decrease dental plaque and 
WSLs of orthodontic patients when added to routine 
oral hygiene treatment (brushing + flossing).[39‑41] 
CHX and fluoride groups demonstrated significantly 
better plaque index and GI scores at all treatment 
intervals after baseline measurements.

In Jayaprakash et al.[42] study, it was concluded that 
a mouth rinse containing CHX and sodium fluoride 

patients such as orthodontic patients support the need 
to continue conducting randomized, well‑controlled 
clinical trials and search for a practical, effective 
mode of antimicrobial treatment.[32,33]

Distinct difference has been reported in the 
caries‑preventive effects of concentrated fluoride 
solutions, gels, or varnishes. Thus, several factors such 
as costs, convenience, patient acceptance, and safety 
can affect the choice of method. Fluoride varnishes 
are proven to be a feasible and safe approach for 
fluoride application. With fluoride varnishes, the 
amounts of fluoride exposure can be better controlled, 
and less chair time is required, compared with 
conventional solutions and gels. No dose‑response 
effect on concentrated fluoride agents is apparent, 
and the benefit of frequent application is not clearly 
established.[7‑9]
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could elevate dental hygiene and decrease plaque and 
gingivitis, which is in agreement with the findings of 
our study.

In Esfahanian et al.[43] study, they reported that CHX 
has a positive effect in plaque control and it was 
better when compared to Irsha mouth rinses.

Early detection of WSLs during orthodontic treatment 
is also very important as it would allow clinicians 
to implement preventive measures to control the 
demineralization process before progression of 
the lesions. In this study, we decided to use fluoride 
varnishes for two reasons; first, because we wanted 
to use it at 3‑month intervals and second, based on 
the literature, it seems that this type of application of 
fluoride can provide the patients with the best possible 
outcome.[44]

In this study, a statistically significant decrease of 
WSLs was registered in the participants of CHX and 
fluoride groups in all three follow‑ups but not in the 
control or placebo groups. No significant differences 
were observed between the CHX and fluoride groups 
for demineralization.

To date, clinical detection of WSLs has been carried 
out primarily by means of traditional methods such 
as visual inspection after air drying and tactile 
examination by dental probing. We chose to use this 
approach in our study. However, the subjectivity 
and lack of reproducibility of these approaches, 
together with the prerequisite presence of a 
significantly advanced lesion, have led to the 
introduction of several optical techniques during 
recent decades, including optical caries monitor, use 
of quantitative laser and light‑induced fluorescence, 
digital imaging with fiber‑optic transillumination, 
laser fluorescence, and computer analysis of digital 
photographs.[45] Enamel surface roughness affects 
its visual properties, plaque retention, abrasion, and 
bond strength.[46]

Due to simple sampling, the unification of  DMFS 
(Decay‑missing‑filling‑surfaces) was difficult and one 
of the limitations of our study.

CONCLUSION

Adding CHX and fluoride to daily oral hygiene 
program reduces bacterial plaque accumulation and 
improves GI. Orthodontists are recommended to 
enhance their patients’ oral hygiene by requiring the 
use of CHX and fluoride in addition to daily brushing.
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