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Abstract

Dental fluorosis can be defined as a developmental condition that
affects dental hard tissue, mainly enamel characterised with white
or yellowish lesions due to excessive fluoride exposure. Fluorosis
can have a major impact on the appearance, structure and shape
of the tooth which posed a significant aesthetic concern to
individuals having this condition. There are several treatments
recommended in treating dental fluorosis depending on the
severity of the disease itself ranging from tooth bleaching to
prosthetic crowns in severe cases. This case report describes the
use of resin infiltration technique on a patient with mild to
moderate severity of dental fluorosis of the upper anterior teeth
which produce an acceptable improvement of the appearance of
the affected tooth. Resin infiltration technique in this case
provided a conservative and inexpensive approach in treating
mild to moderate dental fluorosis for the patient, improving the
aesthetic without significant loss of tooth structure.
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Dental fluorosis can be defined as a
developmental condition of enamel caused
by excessive absorption and repeated
exposure to low doses of fluoride during all
stages of tooth development (Pamela
Denbesten & Li, 2011). This causes
disruption in enamel development and
results in hypomineralization of the enamel
and giving the appearance of white or
yellowish lesions on tooth surfaces (Aoba &
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Fejerskov, 2002). Fluoride disturbs enamel
formation by reducing calcium ion
concentration in the matrix which then
interferes with protease activity, thus
delaying or inhibiting enamel matrix protein
degradation (Fejerskov et al, 1990;
Robinson et al., 2004). The main sources of
fluoride that are likely to cause dental
fluorosis usually come from the caries
prevention modalities such as accidental
ingestion of fluoride-containing dental
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products (e.g. toothpaste, varnishes, gels,
fluoride supplement) and greater than 1
ppm of added or naturally occurring fluoride
in drinking water (Watts & Addy, 2001).
Dental fluorosis cases had been reported
worldwide with Saudi Arabia reported a
high overall prevalence of 46.52%, 11.3%
reported from Germany and as low as 4%
from India (Alshammary et al., 2020). Dental
fluorosis also can be seen quite regularly in
Malaysia as a study show prevalence of
slightly above the optimal levels of exposure
at 57.8%, particularly for mild to moderate
cases in fluoridated areas of Malaysia (Tan et
al., 2005). A recent study has shown a lower
prevalence of fluorosis amongst children
who lived in a place where water
fluoridation has been stopped and were
exposed partially to fluoride through
toothpaste or foods (Karim et al., 2021).

Clinically, dental fluorosis can be seen as
diffuse, symmetrical, discoloured white
opaque stains and striations in mild to
moderate cases. However, in severe forms;
porosity, pitting, and brownish areas
associated with fragile enamel can often be
seen on the surface of the tooth.
Nevertheless, an accurate diagnosis of the
disease should only be reached from proper
anamnesis, as not to be confused with other
types of tooth discolouration and staining
that shows quite similar clinical
presentation such as the hypomaturation
type of Amelogenesis Imperfecta (Crawford
& Aldred, 1992). The amount and duration of
fluoride exposure in addition to the stages of
enamel development during exposure play a
role in determining the severity of the
fluorosis which require different treatment
measures (Bertassoni et al., 2008). [talso has
been suggested that the direct effect of
fluoride on ameloblast may have influences
on the development of fluorosed enamel. It

includes structural changes of early
secretory ameloblasts, cell proliferation
alteration, reduced protein synthesis,

apoptosis, the elevation of F-actin and
stress-related protein upregulation (Pamela
Denbesten & Li, 2011). Fluoride also affects
the cell-matrix interactions during tooth
formation which also have a role in the
development of fluorosis by hindering
hydrolysis of amelogenin which causes a
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delay in final enamel matrix mineralization
(Debensten et al.,, 1985).

Based on Dean’s Fluorosis Index (DFI),
fluorosis can be categorized by scoring
according to the clinical presentation of the
lesion itself as in Table 1 (Pamela Denbesten
& Li, 2011; Tirlet et al, 2013). Several
treatment options are available for the
treatment of dental fluorosis depending on
the severity and extent of the disease. For
mild to moderate levels of fluorosis, dental
bleaching, micro abrasion or a combination
of both has been recommended and shown
considerable success (Sherwood, 2010).
Veneers also have been shown to result in
successful outcomes in the management of
moderate levels of fluorosis (Auschill et al,
2015). A more invasive technique is needed
in managing severe fluorosis with the
prescription of prosthetic crowns, especially
when there is a mottling appearance and loss
of occlusal vertical dimension of the patient.
This is due to the common findings of
severely fluorosed enamel that easily
fractured even during normal functional use
(McKay, 1952).

A technique derived from the enamel
infiltration  procedure developed for
incipient caries management has been
applied in dental fluorosis treatment as well
(Wang et al, 2020). The resin infiltration
technique which involves three-step of
etching, drying and infiltrating resin into the
porous enamel has shown promising
outcomes in the management of mild to
moderate levels of fluorosis. This procedure
is more conservative in nature and conforms
to the concept of minimally invasive
dentistry. This technique masks the
appearance of white lesions by its additional
positive effect due to the similar refractive
index of the resin and enamel itself (Giambro
et al, 1995). It has also demonstrated good
clinical applicability amongst the clinicians
and high acceptance by patients as reported
by Kugel and colleague (Kugel et al., 2009).

This case report will provide a step-by-step
procedure of resin infiltration technique for
a moderate level of fluorosis and the
aesthetic outcome.
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Table 1. Fluorosis index of H.T. Dean (1942)

Score Criteria

Normal (0)
Questionable (0.5)

Very mild (1)
areas

Mild (2)
Moderate (3)

Severe (4)

Normal teeth with a smooth, uniform natural coloured tooth surface
Teeth that have some white flecks or spots

No more than 25% of the tooth is covered with small white opaque

Less than 50% of the tooth affected with white opaque areas

More than 50% of the tooth surface areas are affected and may be
associated with brown staining

Teeth that are severely mottled or pitted and often have brown
staining which affects 100% of the enamel surface of the tooth

Case report

A 22-year-old male student was referred to
the Department of Restorative Dentistry
Specialist Clinic, International Islamic
University of Malaysia (IIUM) seeking
treatment to improve the aesthetic
appearance of his upper front teeth. His main
complaint is that his teeth exhibited white
discolouration which he started to notice in
high school along with the abnormal shape
of the lateral incisors, and affecting his self-
esteem whenever he smiles. Upon intra-oral
examination and anamnesis, there was
generalised fluorosis was observed, with
mild to moderate severity with the score of 2
and 3 based on Dean'’s Fluorosis Index (DFI)
on both upper and lower anterior teeth
(Figure 1). It was also noted that upper and

lower posterior teeth have severe fluorosis
with a score of 4 from DFI. The upper front
teeth also had mild spacing and peg-shaped
of right and left lateral incisors (Figure 2).
The patient demonstrated optimal oral
hygiene level with satisfactory periodontal
health and is systemically healthy. The initial
treatment plan proposed and agreed to by
the patient, which was to mask the mild to
moderate fluorosis of upper anterior teeth
with resin infiltration and followed by the
placement of direct composite veneer on the
peg-shaped lateral incisors. However, the
patient decided to defer the composite
veneer treatment due to financial
constraints.

Figure 1. Intra-oral view of the patient when during the initial presentation to the clinic.
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Figure 2. Mild to moderate fluorosis of upper anterior teeth span from tooth 13 to 23. Notice the
peg-shaped of both the right and left lateral incisors (Tooth 12 and 22).

Prior to the commencement of the resin
infiltration procedure, scaling and dental
prophylaxis was carried to ensure the teeth
are clean, free of plaque and calculus. Excess
prophylaxis paste was then rinsed away
using a water syringe. Rubber dam was
placed using multiple isolations from the

upper right first molar to the contralateral
left molar. Floss ligatures were tied to the
respective teeth to secure rubber dam
inversion, therefore protecting the soft
tissue and ensure a clean and dry working
area (Figure 3).

Figure 3. The whitish spot of the fluorosis become accentuated due to lack of moisture from the
rubber dam isolation

Following the manufacturer’s instructions,
resin infiltration procedure (Icon, DMG
Chemisch-Pharmazeutische Fabrik GmbH,
Hamburg, Germany) was initiated on the
maxillary incisors (DFI = 2), canines (DFI =
2) and premolars (DFI = 3). Premolars were
included in the procedure to assess the
effectiveness of resin infiltration on a severe
level of fluorosis lesion.

The labial enamel surface of the teeth was
etched with 15% hydrochloric acid gel
(ICON-Etch, DMG Chemisch-
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Pharmazeutische Fabrik GmbH, Hamburg,
Germany) for 120 seconds (Figure 4). The
etchant gel was then rinsed away for 30
seconds using water spray and gently dried.
At this stage, frosty appearance will become
more evident on the fluorosed area. The
etching step was then repeated another two
times before the application of drying agent
(ICON-Dry, DMG Chemisch-
Pharmazeutische Fabrik GmbH, Hamburg
Germany) applied onto the tooth surface for
30 seconds to ensure desiccation of the
enamel surface (Figure 5).
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Figure 5. Tooth surfaces were completely dried using the drying agent, ICON-Infiltrant. Notice the
premolars still show marked opacities even after the repeated etching cycle done on the teeth.

Before resin infiltrant was applied, the
affected enamel surface was assessed, on
whether the opacities decreased or
disappeared, indicating the treatment
effectiveness. For this patient, the authors
decided to repeat the etching cycle on
premolars to see the effect of the additional
etching cycle showed an improvement of the
severe opacities which however were still
quite visible afterwards. The drying agent
also serves as a preview of the aesthetic
outcome that can be expected after the
infiltration. Subsequently, resin infiltrant
agent containing tetramethylene glycol
dimethacrylate (TEGDMA) (ICON-Infiltrant,
DMG Chemisch-Pharmazeutische Fabrik
GmbH, Hamburg, Germany) was applied on
the treated surface and allowed to penetrate
for three minutes. This was deemed
adequate in ensuring the maximal
infiltration process (Figure 6). Excess resin
infiltrant was removed using a cotton roll
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and dental floss for interproximal areas,
followed by light-curing on each tooth for 40
seconds.

The rubber dam was then removed and the
surface was polished using flexible diamond-
impregnated spirals (EVE Diacomp Plus
Twist, EVE Ernst Vetter GmbH; Pforzheim,
Germany) to ensure a smooth and
aesthetically acceptable glossy surface finish
(Figures 7, 8, 9, and 10). The patient was
satisfied with the final outcome of the
treatment. There was a  marked
improvement in the appearance of the
concerned tooth as white opacities managed
to be masked following the treatment. The
final shade of the teeth also in the authors’
opinion will be much simpler to be followed
in the subsequent direct composite veneer
procedure as it eliminates the need to use
white stain to mimic the fluorosis.
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Figure 7. Clinical aspect after rubber dam removal and polishing was done.

Figure 8. A close-up view of the resin infiltrated maxillary incisors.
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Figure 9. A close-up view of the right side, showing the resin-infiltrated teeth.

Figure 10. A close-up view of the left side, showing the resin infiltrated teeth.

Discussion

Tooth discolouration, especially dental
fluorosis poses an aesthetic concern
amongst many individuals especially in the
anterior region where it is more visible to
other people. It also can affect both self-
confidence and people’s perception of
aesthetics, especially in younger individuals.
This may have a profound impact on their
psychosocial life in severe cases of dental
fluorosis (Narayanan et al, 2019; Duarte-
Rodrigues et al.,, 2020). It is also noted that
nowadays patients are more inclined
towards a non-invasive approach in having
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procedures done to their teeth (Frencken et
al, 2012). For the patient described in this
case report, the resin infiltration technique
was successful in giving aesthetic
improvement of the appearance of the
concerned teeth with a non-invasive
approach.

For this patient, it was noted that the
remaining part of the dentition, especially
posterior to the teeth of concern was
presented with severe fluorosis. The attempt
to reduce the white discolouration and
pitting of the posterior tooth was partially
successful. As the whitish appearance is
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somewhat reduced, the appearance is still
considered suboptimal in aesthetic value.
Therefore, in the authors’ opinion, case
selection is very important in determining
the success of the resin infiltration
technique. Patients with a severe level of
fluorosis should be given the option of a
combination approach, or more invasive
restorative treatment such as cosmetic
veneer. However, as the primary concern of
the patient in this case only involved the
appearance of his upper anterior teeth, such
options were excluded. As the patient also
required subsequent restorative treatment
to close midline diastema and direct
composite veneer on peg lateral incisors,
application of an adhesive system during the
direct resin composite procedure will
provide higher bond strength as suggested
by Wiegand and colleagues (Wiegand et al.,
2011). In the authors’ opinion, shade
matching will be much easier if the
technique was done before the restorative
procedure commencement as it will simplify
the layering technique in the direct
composite restoration.

Resin infiltration technique was also chosen
because the patient is still young and any
attempt to provide prosthetic treatment will
result in unnecessary removal of tooth
structure from relatively virgin teeth. Other
treatments options were excluded in this
patient as this approach is more cost-
effective and can produce an immediate
positive result in one appointment when
compared with direct and indirect veneer. In
addition, the procedure is pain-free as it
eliminates the need to use local infiltration
and as be seen in other restorative
procedures (Auschill et al, 2015). Micro-
abrasion is not suitable for this case as it has
only been shown effective in treating milder
cases of fluorosis and concern with the
removal of tooth structure (Shenoi et al,
2012.). There is a lack of consensus
regarding the duration and the repetition
cycles needed in the micro-abrasion
technique to achieve the optimal result
without exposing dentine (Watts & Addy,
2001).

Another non-invasive approach for this
patient would be vital tooth bleaching which
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can either be home-bleaching or in-office
professional bleaching treatment. One of the
drawbacks of home bleaching is that it
requires a long period of exposure to
bleaching material (14 days) and would
cause both fluorosed and non-fluorosed
areas of teeth to be subjected to the
bleaching agent. There is also a common
complaint of post-treatment sensitivity from
home bleaching which can affect patient
compliance to the treatment itself
(Bussadori et al., 2004; Wright, 2002). In-
office bleaching treatment also requires
multiple visits to prevent the risk of tooth
hypersensitivity which can prolong the
treatment if the required shade is not
achieved.

The infiltration technique itself is not new,
being first described by Robinson and others
back in 1976 in which they use resorcinol-
formaldehyde as the infiltrant agent.
However, due to concern regarding the
toxicity of this material, it was barred from
being used on the patient. A newer approach
with a safer and higher penetration
coefficient of the materials widen the usage
of this technique in both caries control and
masking dental discolouration ( Paris et al.,
2007; Meyer-Lueckel & Paris, 2008). The
current infiltrant agent is a clear, unfilled
composite resin with low viscosity, high
surface tension and low contact angles
relative to the enamel which allows the
infiltrant to reach the honeycomb-like
porosity in the pathological layer of enamel
via capillary forces (Gugnani et al, 2012).
The porosities are usually filled with water
and air which have a difference in the
refractive index compared to the normal
enamel. As the refractive index of resin-
infiltrated enamel is close to that of normal
enamel through the ‘chameleon effect’
properties of the resin, less light scattering
occurs and give the infiltrated enamel the
appearance that is relatively close to normal
enamel.

Some concerns have been raised regarding
the long term colour stability and
susceptibility to staining of this technique
based on in-vitro studies which need to be
considered and included in treatment
planning. Ulrich and colleagues found that



IIUM Journal of Orofacial and Health Sciences (2021) 2(2): 129-138

surface roughness of tooth treated with resin
infiltration technique was higher than that of
sound enamel in addition to demineralized
enamel and this is supported by recent
studies (Ulrich et al, 2015; El-Meligy et al,
2021). The micro-roughness of resin
infiltrated surface can act as a medium for
extrinsic staining agents and plaque to
accumulate which over time will result in
significant alterations in colour. The
discolouration issue with resin infiltration
also can be contributed by a high degree of
water sorption of TEGDMA resin polymer in
the infiltrating agent. The correlation
between high water sorption and colour
stability and discolouration issues are well
documented in the past (Shintani et al,
1985). Polishing the resin infiltrated surface
has been suggested to improve the surface
roughness in reducing the unwanted ageing
process due to staining challenges (Borges et
al, 2014). However, Mueller and colleagues
found that it is difficult to achieve a high
degree of polishability as a lack of
improvement was noted even after the
infiltrated surface was subjected to polishing
with Sof-Lex (3M ESPE) finishing and
polishing system (Mueller et al,, 2011). The
excess infiltrant agent also can be wiped off
before polymerization to reduce the chance
of decay from plaque accumulation at the
residual resin layer (Paris et al.,, 2006). Wang
and others also suggest that optimal
maintenance of oral hygiene is imperative in
ensuring a good aesthetic appearance after
completing the resin infiltration treatment
(Wang et al., 2020).

Future studies may be needed to study the
correlation of severity of the lesion and time
of applications on colour stability of the
resin-infiltrated tooth. This may aid in
establishing accurate guidance on case
selection and strict protocol to follow in
ensuring the success of this treatment
modality. The clinical outcome of the
treatment showed acceptable results by
patients regarding the aesthetic appearance
of teeth in addition to duration and cost of
treatment. However, in the authors’ view,
the result can be improved with a
combination approach of other treatment
modalities such as tooth bleaching and
microabrasion.
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Conclusions

This case report demonstrated that resin
infiltration is a valuable option in treating
mild to moderate severity of dental fluorosis,
improving the appearance of the tooth by
masking white spots in one appointment. It
is also can be considered as a safe and
minimally invasive approach in managing
the unaesthetic appearance of teeth with
dental fluorosis.
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