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Introduction

Rationale
Fluorosis is an endemic disease characterized by excess deposition 
of  fluorides in hard and soft tissues of  the body. Dental fluorosis 
mostly affects families residing in high‑fluoride belt areas 
with excessive amount of  fluoride present in drinking water. 
Dental fluorosis is a health condition or can be described as 
a developmental disturbances of  enamel due to the excessive 
exposure to fluoride usually seen among pediatric patients.[1] 

During tooth development, high concentration of  fluoride will 
affect the enamel forming cell, ameloblast, especially during 
enamel formation.[2] There are subsequent changes happened 
in the enamel due to the interactions of  developing enamel 
mineral matrix and ameloblast.[3,4] Due to increased fluoride 
during the mineralization of  enamel, there is decrease of  free 
calcium ion concentration in mineralizing matrix, which inhibits 
enzyme proteinases from degrading the matrix proteins during 
maturation phase.[3,5] Therefore, degradation of  matrix proteins 
is delayed.[3] Besides, the presence of  fluoride‑induced retention 
of  enamel matrix protein leads to impaired crystal growth such 
as amelogenins, ameloblastins, tuftelins, enamelins, and high 
molecular weight sulfated proteins.[3,6]

Fluoride is essential component in the primary prevention 
of  caries. It increases the resistance of  the tooth toward acid 
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attack. Maintaining fluoride exposure at recommended levels is 
important in the primary prevention of  fluorosis and at the same 
time to enjoy its beneficial effects in caries prevention.

The recommended daily intake of  fluoride for primary prevention 
of  fluorosis is 0.05 to 0.07 mg F/Kg/day.[7] However, there are 
consequences among children if  fluoride concentration is more 
than 1.5 to 4 mg/L, which is higher than WHO recommendation 
known as dental fluorosis.[8] Skeletal fluorosis can occur if  the 
fluoride concentration is in the range of  4 to 10 mg/L.[8] Parents 
and pediatrician should play an important role to achieve a 
maximum protection against dental caries and minimizing the risk 
of  dental fluorosis among children. The most common sources 
of  ingested fluoride are fluoridated drinking water, toothpaste, 
supplements, and formula for children.[7] The children at the 
age of  1 to 4  years old is at high risk. The risk of  fluorosis 
subsequently decreases at around 8 years of  age and it is highly 
prevalent among children below this age who is exposed to high 
floride.[9,10]

Dental fluorosis is characterized by the presence of  mottled 
enamel, brownish discoloration of  teeth, pitted enamel, and 
bilateral, diffuse, thin, horizontal white striations with stained 
plaque.[1] Apart from enamel, there is also a possibility of  
fluorosed dentin of  permanent teeth, which is characterized 
histopathologically by increased interglobular dentin formation 
and accentuation of  incremental lines of  von Ebner.[11] Clinically, 
dental fluorosis is severe in premolars and second permanent 
molars and least in permanent mandibular incisors and first 
permanent molars.[12] Besides, the severity of  dental fluorosis 
depends on the thickness of  enamel. As such, the thicker 
the enamel, the more severe the dental fluorosis, which is 
characterized by the snow‑capped appearance of  cusp tips and 
incisal edges.[12] This condition lowers the patients’ self‑esteem 
and erases the youngsters’ smile on their face. Dental fluorosis 
is endemic in certain countries that has high concentration of  
fluoride, such as India, Sri Lanka, China, Eastern Africa, Middle 
East, and South America.[1,13‑15] In 1931, it was found that there 
was a correlation between fluoride from drinking water and 
dental fluorosis.[15] In 1937, dental fluorosis case was found in 
Nellore of  Andhra  Pradesh.[16] Dean’s Index was introduced 
by Dean in year 1934, which is the classification of  fluorosis 
based on his interpretation of  clinical appearance and is still 
widely used.[17]

Dean’s Index:[17]

1.	 Questionable: occasional white flecking and spotting of  
enamel.

2.	 Mild: white opaque areas involving more of  tooth surface.
3.	 Moderate and severe: pitting and brownish staining of  tooth 

surface.
4.	 Corroded appearance of  tooth.

According to Dean and McKay, the optimum level of  water 
fluoride is less than 0.9 to 1.0 PPM.[18] Dental fluorosis can be 
either mild or severe based on several factors such as the duration 

and amount of  exposure to fluoride, individual responses, 
weight, age, degree of  physical activity, nutritional factors, and 
bone growth.[19] Mild form of  fluorosis can appear as tiny white 
striations, which is unnoticeable. In moderate to severe form 
of  fluorosis, it can appear as mottled enamel with brownish 
discoloration along with pit and wear on the enamel surface due 
to poor mineralization of  enamel.[20]

Previously, it was suggested that soft tissue changes due to 
excessive fluoride intake in children may be reversible by 
withdrawal of  fluoride intake, dietary supplementation with 
calcium, vitamin D3, ascorbic acid, and antioxidant; however, 
there is no evidence of  reversible changes in dental hard tissue.[10] 
Damage to the soft tissues due to high doses of  fluoride may 
occur when it passes through the blood‑brain, blood‑testis, and 
blood‑placenta barrier.[21]

Thus, various treatment approaches have been recommended 
for dental fluorosis patient depending on the severity of  the 
disease. Treatment options include micro/macro abrasion, 
bleaching, composite restorations, veneers, and full crowns.[22] 
Other conservative techniques for the treatment of  dental 
fluorosis would be composite or ceramic veneers or crown, 
resin infiltration, and tooth jewelry technique. In a case study 
done by Budhwar et  al.,[23] zirconia crown was given to the 
patient with moderate fluorosis as it offers a good esthetic 
result with minimum tooth preparation. Besides, it has intense 
strength and durability and long lasting. Currently, quantitative 
light‑induced fluorescence has been introduced which able to 
quantify the enamel loss and helps in the diagnosis of  dental 
fluorosis.

Objectives
Various treatment approaches have been introduced and 
practiced among the dental practitioner to treat mottling, pitting, 
and opacity of  enamel. However, their effectiveness have not 
been compared to enable any clinical recommendations to 
treat dental fluorosis. Thus, the aim of  this present systematic 
review was to assess various treatment approaches in dental 
fluorosis based on existing evidence from randomized clinical 
trials followed by most effective treatment recommendation 
according to the severity of  dental fluorosis and also outlines 
on the recommended levels of  fluoride exposure in primary 
prevention of  fluorosis.

Materials and Methods

Protocol
This systematic review was conducted and reported according 
to PRISMA statement.

Eligibility criteria
The design of  this systematic review was conducted by referring 
from Participants‑Intervention‑Comparison‑Outcomes‑Study 
design schema  (PICOS). Randomized controlled trial was 
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included which has criteria such as in  vivo study, human trials 
with any kind of  treatment on dental fluorosis. Other criterion 
includes full‑text article in English language. The exclusion 
criteria of  the systematic review were animal studies, case report, 
unpublished articles, non‑randomized trials, incomplete trials, 
and trials without free full‑text access.

Information source and literature research
Literature research was carried out to search for articles related 
to dental fluorosis. The screening was focused on the treatment 
approach and management of  dental fluorosis. The literature 
was searched from August 1998 to August 2019 for randomized 
clinical trial and case history. The databases used were National 
Center for Biotechnology Information  (NCBI) and Google 
Scholar. In NCBI, the filters were modified to randomized 
controlled trial, clinical trial, human trial, and free full text. The 
following queries were used in order to search for the article: 
treatment for dental fluorosis, intervention of  dental fluorosis, 
and management of  dental fluorosis.

Study selection
The study selection was proceed after a pilot study to evaluate the 
feasibility of  the current study. The screening of  the identified 
study including the title, abstract, and full‑text studies was done. 
It was followed by checking the eligibility of  the study whether 
to include or exclude in the systematic review.

Data collection and data items
The information gathered from the selected article were 
extracted and reviewed. All the information include author name, 
publication year, treatment approach, inclusion criteria, exclusion 
criteria, and number of  participants were thoroughly reviewed. 
Based on PICOS, the data were sought.

A total of  286 papers were identified through the electronic and 
five through manual searches, respectively, as shown in Figure 1. 
After removal of  duplicated and initial screening, 20 papers were 
assessed for eligibility from which 15 papers were not eligible. 
Only five papers could be included in the study.
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Figure 1: Flow chart of identification and selection of eligible trials
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Study characteristics
All the five studies were randomized controlled trials. Total 
number of  patients included in this study were 304 with the mean 
age of  17.7 years old. The inclusion criteria described in each 
paper were mostly patient with esthetics as the chief  complaint, 
with good oral hygiene, maxillary anterior teeth which is vital, 
not fractured or without loss of  tooth structure. The patients 
with history of  allergy, systemic or local condition, any previous 
orthodontic treatment, and pregnant patients were excluded. 
Fluorosis severity was assessed using Dean’s Fluorosis index, 
Thylstrup‑Fejerskov index, and one trial was not recorded. Based 
on the fluorosis index, most of  the patient included in their study 
were from questionable to moderate fluorosis. The intervention 
used in the study included microabrasion, external bleaching, 
microabrasion with at‑home bleaching, resin infiltration, resin 
infiltration with increased infiltration time, or combination of  
bleaching and infiltration.

Results of individual studies and data synthesis
The interventions and outcome of  the five selected randomized 
clinical trial were described in Table 1. Bleaching was preferably 
used in four out of  five trials, which are selected as the reference 
interventions.[24] In the study done by Castro et al.,[25] patients were 
evaluated after one month after the treatment. The statistical 
analysis between the baseline and after follow‑up was done 
using Mann–Whitney U and t‑test to determine the significant 
differences in staining area, esthetic perception, and tooth and 
gingival sensitivity (P < 0.05). The result shows that there was 
significant reduction in enamel opacity area  (P = 0.00001) in 

group  1 and group  2 after follow‑up. Regarding the visual 
analogue scale  (VAS), it revealed that group  2  patients were 
satisfied and happy with their dental appearance after the 
treatment compared with group 1  (P = 0.004). Based on the 
tooth and gingival sensitivity after the follow‑up, it was reported 
that both group 1 and group 2 experienced no or mild sensitivity 
and gingival irritation (P > 0.05).

Similarly, in the study done by SôniaSaeger et al.,[26] the patients 
were followed for one month and the statistical analysis was done 
to determine the reduction in stained areas, improvement in 
esthetics using oral impacts on daily performance (OIDP), tooth 
sensitivity, and gingival irritation. In this study, the participants 
who had completed the questionnaires at the baseline and 
follow‑up were included. Based on the OIDP performances of  
both group, there was significant difference between the baseline 
and follow‑up related to daily performances such as eating and 
enjoying food (P < 0.01), speaking and pronouncing, cleaning 
teeth (P < 0.01), smiling, laughing and showing teeth without 
embarrassment, and maintaining usual emotional state without 
being irritable  (P = 0.032). However, the study also reported 
slight increase in between the baseline and follow‑up in difficulty 
in sleeping and relaxing. Meanwhile, there was also significant 
reduction in stained areas in both groups.

In randomized controlled trial done by Gugnani et  al.,[27] the 
results revealed that 3‑min increased resin infiltration provides the 
best treatment approach based on the parameters assessed. There 
was significant difference in mean and standard deviation in the 
change of  esthetics and improvement in opacities (P < 0.01). 

Table 1: Study design, interventions, and outcome of clinical trials
Author Study 

design
Total 

patient; age
Patient info Fluorosis 

index
Intervention Outcome

Loguercio 
2007[28]

Randomized 
Controlled 
Trial

36; 
10‑12 years

Moderate‑Good Oral 
hygiene

DFI; 
questionable, 
very mild, mild

Group 1: enamel microabrasion PREMA
Group 2: enamel 
microabrasionOpalustre

Esthetic improvement in VAS
Participant satisfaction
Tooth surface

Bharath 
2014[33]

Randomized 
Controlled 
Trial

30; 
9‑14 years

Objectionable 
esthetics

DFI; mild. 
moderate

Group 1: McInnes bleaching (36% HCl, 
30% H2O2, Diethyl ether)
Group 2: enamel microabrasion (18% 
HCl, pumice powder)

Esthetic improvement in VAS
Tooth sensitivity

Castro 
2014[25]

Randomized 
Controlled 
Trial

70; 
15‑39 years

Good oral hygiene, 
vital anterior teeth 
without loss or 
fracture, previously no 
orthodontic treatment.

TFI; mild, 
moderate

Group 1: enamel microabrasion (37% 
phosphoric acid, pumice)
Group 2: enamel microabrasion (37% 
phosphoric acid, pumice), at‑home 
bleaching (10% carbamide peroxide)

Reduction in opacity
Esthetic improvement in VAS
Participant satisfaction in VAS
Tooth sensitivity/gingival 
irritation in VAS

Gugnani 
2017[27]

Randomized 
Controlled 
Trial

80; 
6‑12 years 

old

School children, no 
history of  allergy 
to dental materials, 
systemic or local 
conditions and 
treatment of  dental 
fluorosis.

TFI; mild, 
moderate

Group 1: in‑office bleaching (35% H2O2
Group 2: resin infiltration (15% HClgel, 
ethanol drying agent, resin infiltration)
Group 3: resin infiltration with double 
application of  infiltrant
Group 4: in‑office bleaching (35% H2O2) 
resin infiltration

Esthetic changes in VAS
Improvement in opacity or 
stain in VAS

SôniaSaeger 
2018[26]

Randomized 
Controlled 
Trial

70; 
15‑39 years

Good oral hygiene, 
vital anterior teeth 
without loss or 
fracture, previously no 
orthodontic treatment, 
non‑pregnant

TFI; mild, 
moderate

Group 1: enamel microabrasion (37% 
phosphoric acid), fine‑grained pumice
Group 2: microabrasion and at‑home 
tooth bleaching (10% carbamide 
peroxide)

Reduction in stained area
Tooth sensitivity/gingival 
irritation in OIDP
Esthetic improvement in 
OIDP
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Mann–Whitney U test revealed significantly better results for 
resin infiltration or combination with bleaching compared with 
bleaching alone (P < 0.001).

In the study done by Loguercio et  al.,[28] microabrasion 
procedure was selected as the treatment option for very 
mild and mild fluorosis. This study suggests that enamel 
microabrasion using PREMA or Opalustre compounds is 
effective for the removal of  stains and improves the appearance 
of  the teeth. However, when the performance of  both 
materials was compared after the first clinical appointment, the 
Opalustre compound showed a significant difference rating 
for improvement in appearance (3.4 ± 0.7) than the PREMA 
compound (2.4 ± 0.5) (Wilcoxon test, P = 0.002).

This systematic review revealed that resin infiltration with 
increased infiltration time, resin infiltration followed by bleaching, 
and resin infiltration alone have a better treatment results 
compared with bleaching alone. Besides, microabrasion method 
showed no significant difference with microabrasion followed 
by bleaching.

Discussion

This current systematic review summarizes the treatment 
approaches available for treating mild‑to‑moderate dental 
fluorosis based on the five randomized controlled trials. In 
comparison to bleaching, microabrasion results in less esthetic 
improvement and patient satisfaction. Meanwhile, combination 
of  microabrasion and at‑home bleaching reveals greater 
improvement and patient satisfied with the treatment. However, 
one of  the studies revealed that there is no significant added 
value in microabrasion followed by at‑home bleaching which 
gave the same results as microabrasion alone. On the other hand, 
one report suggested that microabrasion is effective in treating 
mild fluorosis but less effective against moderate fluorosis. 
Some disadvantages of  microabrasion include difficulties in the 
complete elimination of  deep white opaque area and brown stain 
from the tooth, slightly yellowish color of  enamel after treatment, 
and uniformity of  the tooth appearance is disrupted.[29]

Besides, resin infiltration is found to be the best option in 
improving esthetics in dental fluorosis. Based on the study done 
by Gugnani et al.,[30] resin infiltration with additional infiltrant 
provides the best esthetic result compared with bleaching 
alone. One of  the benefits of  resin infiltration is its’ efficacy 
and capability to arrest caries and it was also suggested for the 
treatment of  post orthodontic white spot lesions.[20,31,32] Some 
study suggests that increasing the etching time would result in 
a better masking fluorosis stain.[30] The recommended etching 
time in resin infiltration technique is 120 s. However, it is only 
recommended in active early carious. In fluorosis stain, it will 
stimulate inactive lesions. In active caries fluorosis stain, the 
hypomineralized zone may be deep seated, which increases the 
resistant to the infiltration process. Thus, in order to assure 
that there is erosion up to the depth of  hypomineralized zone 

and subsequent penetration of  infiltrant till the depth of  
hypomineralized zone, etching of  the inactive surface is repeated 
a few times until there is visual change in the color of  tooth 
surface. The etching step was repeated maximum of  three times. 
Through this, the deeper penetration of  infiltrant will improve 
esthetic function.[30,33]

Some study revealed that patient complains of  tooth sensitivity and 
gingival irritation after treatment, especially microabrasion.[25,26] 
This may be due to the reduction of  enamel thickness. However, 
the problem should not be a major concern as it will dissipate 
after a while.

In this systematic review, there are few limitations that may affect 
the results of  this study. Small trials and limited sample size may 
be one of  the reason.

Conclusion

In conclusion, the treatment approach in dental fluorosis depends 
on its severity. Based on this systematic review, it is proven in the 
trials that resin infiltration with increased infiltration time, resin 
infiltration followed by bleaching, and resin infiltration alone 
will provide a better esthetic results. Thus, these treatments are 
recommended in mild‑to‑moderate dental fluorosis. Meanwhile, 
in mild fluorosis, microabrasion, bleaching, and combination 
of  both are also preferable treatment options. Therefore, it is 
essential to analyze the fluorosis index before treating the patient 
with a complaint of  tooth discoloration to determine the most 
effective approach in treating the patient. Other approaches such 
as crown and laminated veneer can also be done. However, no 
randomized controlled trials on crown and veneer have been 
done. Because dental fluorosis is an endemic disease and one 
of  the public health concerns, these treatment options will 
provide a better outcome to the patients who demand curative 
options. Besides, it is important for the pediatrician and dentist 
to emphasis on the prevention of  dental fluorosis to minimize 
the risk of  dental fluorosis.
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