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Abstract

The resin infiltration technology is unique and a minimally invasive treatment for the arrest of carious lesions. The resin mate-

rial blocks the porosity in the lesion, fills the pores of the tooth fully and prevents caries from progressing. The special resins,
optimised to penetrate quickly, penetrate to a considerable depth. Resin infiltration is indicated to mask white spot lesions
and early enamel caries. Using Icon leads to masking of white spot lesions with minimal destruction of teeth and an aesthetic

outcome. It has been found to be a more effective mode of treatment than microabrasion.It differs from pit and fissure seal-
ants in that it creates a barrier within the catious lesion rather than on the lesion's surface.
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Introduction

White spot lesions are enamel lesions that are opaque and chalky
white in appearance. It may be caused by idiopathic causes, eatly
carious lesions or fluorosis. Early enamel lesions and white spot
lesions are likely the first signs of dental caries. They may appear
on any tooth surface in the oral cavity where a microbial biofilm
has been allowed to form and persist for a long time.[1, 2| Non-
invasive treatment of non-cavitated catrious lesions, also known as
original or early carious lesions, has been suggested in many ways.
Remineralization of the lesion with fluoride is one of them.|3]
Usage of casein phosphopeptide amorphous calcium phosphate
or topical sealants for occlusal lesions are two other options.[4, 5]

The penetration of subsurface lesions with low-viscous light-cur-
ing resins may be a successful alternative therapy for the arrest of
carious lesions. Since the porosities in enamel caries serve as dif-
fusion pathways for acids and dissolved minerals, resin infiltration
of these lesions can obstruct these pathways, halting caries pro-
gression. Several studies have shown that commercially available
adhesives and fissure sealants can penetrate artificial caries lesions.
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[6-8] Therefore based on experiments conducted by Robinson et
al to stop carious lesions, an alternative solution for superficial
sealing may be by infiltrating these pores with resorcinol-formal-
dehyde resins. This concept has been adapted and commercially
introduced in Germany for the management of smooth surface
and proximal non-cavitated caries lesions, in which the porosi-
ties of the enamel lesion are infiltrated with a low viscosity resin,
forming a diffusion barrier within the lesion without establishing
any material on the enamel surface. This technique is known as
"resin infiltration."[9-19]

It's possible caries-inhibiting action is dependent on the occlusion
of the pores within the body of the caries lesion, as opposed to
the sealing of caries lesions, which is dependent on the external
occlusion of the lesion with the sealant substance.[12, 13]

Previously our team has a rich experience in working on various
research projects across multiple disciplines [14-28]. Now the
growing trend in this area motivated us to pursue this project.
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Concept

Resin penetration technology is a minimally invasive technique for
reinforcing, filling, and stabilising demineralized enamel without
drilling or compromising stable tooth structure; it may be used to
handle proximal and smooth surface caries up to the initial one
third of dentin.It slows down the development of the lesion and
extends the life of the tooth. It is a viable alternative to micro-
abrasion and other restorative therapies for cariogenic white spot
lesions. Once the resin has penetrated the white spot lesion, it
takes on the form of the protective enamel around it. As a result,
resin infiltration can be used to conceal aesthetically unappealing
white spot lesions on the buccal surfaces.It is a new technology
that appears to fill the difference between minimally invasive and
non-invasive care of eatly dental caries, delaying the need for a
restoration as long as possible.[29]

Resin penetration works through capillary action to perfuse the
porous enamel with resin, effectively stopping the development
of the lesion by occluding the microporosities that enable acids
and dissolved materials to diffuse. The aim of this procedure is
to create a diffusion bartier inside the lesion rather than on the
surface.[30] It is marketed as Icon® (DMG America Company,
Englewood, NJ).

Resin Infiltration Technique

ICON etchant—ICON dry—ICON infiltrant—Light curing the
infiltrant [31].

Icon® comes in two varieties: proximal and vestibular surface kits.
Both are used in the same way, with the exception that proximal
lesion therapy requires isolation. Since the surface layer of enamel
caries lesions has a lower pore volume than the lesion body under
it, it acts as a deterrent to resin penetration. As a result, a prepara-
tion process is needed, in which the teeth's surface is cleaned and

prepared.[32]

The 45-micron thick surface layer of the lesion was almost en-
tirely removed with a 15 percent hydrochloric acid solution (icon
etch) added for 90-120 seconds.[32]

The surface is desiccated using the ethanol wet bonding process,
which involves adding 99% ethanol (Icon Dry) for 30 seconds and
then air drying. It's built on the idea that it will coax hydrophobic
monomers into demineralized wet enamel or dentine, improving
the effectiveness of hydrophobic infiltrate penetration (TEG-
DMA), resulting in a well-defined, resin-infiltrated layer.[33, 34]

The next step is to penetrate resin into the porosities formed
during intercrystalline enamel dissolution after the surface layer
of the catious lesion has been removed. In comparison to den-
tal adhesives, unfilled resin infiltrants have been shown to have a
deeper action into carious lesions.[35] TEGDMA resin infiltrant
was shown to penetrate deeper than other formulations of infil-
trants.[30]

A microbrush is used to apply icon infiltrant, which is made up
of tetracthylene glycol dimethacrylate(TEGDMA), to the lesion
surface and allow it to penetrate for three minutes. A cotton roll
is used to extract the excess, which is then light cured. A one-
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minute application is repeated, and the resin is then light cured
once more, after which excess resin is removed and the surface is
polished.[37, 38]

Indications

The infiltration method has been suggested for covering white
spots associated with the non carious conditions like fluorosis,
and it tends to provide patients acceptable cosmetic outcomes.
[39] The procedure is mainly used to treat carly proximal lesions
in almost all age groups. The tissue lost due to demineralisation is
substituted by infiltrated resin below a depth of 800 microns|31].
The procedure may also be used to treat carious lesions on non-
proximal smooth surfaces, such as opaque white lesions around
orthodontic instruments in a high-caries-risk oral setting, if they
are not cavitated and surrounded by healthy enamel. The proce-
dure not only stabilises the lesion, but it also improves the con-
dition of the tooth.[40] Other indications for resin infiltration,
relating to the presence of tissue porosity, include amelogenesis
imperfecta, molar incisor hypomineralization, and white spots.
[12, 13]

Initial caries and developmental defects of enamel have a white
spot appearance due to subsurface porosity in the enamel under
a well-mineralized surface layer.[41, 42] Because of the vatious
refractive indices of enamel, water, and air, white spot lesions are
more visible when the teeth are dry. The refractive index of sound
enamel is 1.62. When enamel is demineralized, it becomes porous.
The lesions will appear opaque in comparison to the sound tissue
if the pores inside the lesion are filled with water (refractive index:
1.33). As the pores are dried, the water in the pores is replaced
with air (refractive index 1.0), making the lesion more visible. [43]
When the microporosities are filled with infiltrant resin, the re-
fractive indices inctrease to 1.52, the difference in refractive index
between the infiltrated lesion and the surrounding sound enamel
is negligible, and the lesions resemble the sound enamel.

Advantages

Infiltrating resins have paved a new direction in the treatment of
early carious lesions, alighing with the physician's aim of healing
without causing damage. This technique isn't intrusive and pre-
serves the tooth's structure and mechanically helps in the stabili-
zation of demineralized enamel.[40] Resin infiltration technique
promotes enhanced penetration into porous, demineralized areas
thus stopping or slowing the progression of the lesion. Thus re-
ducing secondary caries risk in a caries controlled environment.
With the use of this technique postoperative sensitivity and pulpal
inflammation are not a concern as well as gingivitis and periodon-
titis are less likely to occur. When used as a “masking resin “, the
aesthetic result was significantly improved.[29] It helps to post-
pone the need for restorative action for longer periods of time.
[11] This therapy may be completed in one treatment session, as
opposed to remineralization techniques that could include several
follow-up sessions, which is vital for patients, especially children
and their parents.

Resin infiltration seems to be especially well suited to proximal
lesions where, even by using micro-invasive methods of prepara-
tion such as sono-abrasion, the ratio of normal tissue to carious
tissue results in a substantial reduction of healthy tissue in order
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to obtain access to the lesion.[40] In comparison to microabra-
sion or restoration, resin infiltration is much less invasive. [32,
44-40| Infiltrant resin, unlike fluoride or CPP—ACP remineraliza-
tion, can enhance colour even in deeper lesions since it penetrates
deeper lesions and the effect is visible immediately after treat-
ment. |35, 47, 48]

Limitations Of Resin Infiltration

The outcome's long-term viability after resin infiltration is deter-
mined by the lesion's environment. Caries inhibition is sustained
in a weakly demineralizing setting, but demineralisation is likely to
continue or recur at the periphery of the resin infiltrated region
in a patient at unregulated risk of caries. The approach would not
eliminate the need for adequate caries risk assessment and patient
care.[40] In some cases, the masking effect of resin infiltration
was drastic, although in others, it was not. Continuous clinical
and experimental experiments need to be conducted to track the
technique's long-term colour consistency.

Cavitated lesions (code 5) displayed slightly less resin infiltration
than non-cavitated lesions (codes 2 and 3), and the resin was un-
able to fill the cavities, according to a recent in vitro analysis meas-
uring the degree of resin penetration according to ICDAS codes.
[49] As a result, the procedure is not recommended for the treat-
ment of cavitated lesions.

ICON is based on the infiltration principle which involves a very
dry area. Additional precautions must be taken to dry the lesion in
addition to maintaining the air free of moisture. This is achieved
by treating the lesion area with alcohol, which causes evapora-
tion of the water within the porosities, preventing the infiltration
process. Therefore inefficient isolation may affect the success of
the treatment.|50]

Evidence Proving Concept Of Resin Infiltration

Commercially available adhesives and fissure sealants have been
shown in several studies to penetrate artificial caries lesions. [51,
8, 52| Infiltrated artificial lesions do not advance in a cariogenic
setting, according to studies. [53, 54| Under cariogenic conditions
in situ, resin penetration is effective in preventing further demin-
eralization of artificial enamel caries lesions. [55] It is not appro-
priate to transfer results from artificial to natural lesions because
there are significant structural variations between them.|[506]

A randomized split-mouth placebo-controlled clinical trial by S.
Paris et al about effect of resin infiltration of proximal carious
lesions on caries progression stated that infiltration of interproxi-
mal caries lesions is efficacious in reducing lesion progression.|57]
Another study by S. Paris et al, aimed to evaluate the penetration
of a conventional adhesive into natural enamel caries after pre-
treatment with two different etching gels in vitro. It was found
that etching with 15% hydrochloric acid gel is more suitable than
37% phosphoric acid gel as a pre-treatment for caries lesions in-
tended to be infiltrated. [50]

Resins with higher penetration coefficients (infiltrants) show su-
petior ability to penetrate natural lesions compared with resins
with lower penetration coefficients in a study by H. Meyer-Lueck-
el et al.[35] The objective of one in vitro study was to evaluate the
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ability of one commercial and five experimental infiltrating resins
(infiltrants) to camouflage enamel white spot lesions immediately
after resin infiltration and after a staining period. In vitro, resin
penetration was shown to effectively mask artificial caries lesions.
Polished infiltrated lesions were found to be staining resistant.
The refractive indices of infiltrants and masking performance
have a mild association, but clinical factors (lesion depth and be-
havior, complete infiltration, resin colour) may be more signifi-
cant.[58] According to Senestraro and colleagues' , resin penetra-
tion enhanced the clinical appearance of white-spot lesions while
also reducing their size. Furthermore, during the eight-week study
period, the clinical appearance of teeth with white-spot lesions
restored with resin infiltration remained stable.|[12]

Clinical assessment of the effectiveness of masking white spot
enamel lesions using a resin infiltration in teeth with developmen-
tal defect of enamel and post orthodontic decalcification deter-
mined that the colour differences between the sound and white
spot enamel decreased significantly after infiltration.[37]

Caries infiltration appears to be a promising treatment option for
non cavitated caries lesions. Unlike fissure sealing, which places
the diffusion barrier on top of the (lesion) surface, infiltration
aims to position the diffusion barrier within the lesion by replac-
ing missing minerals with resin. Over an 18-month observation
period, a clinical trial observed a substantially reduced but still
relatively high (43.5%) lesion development when proximal enamel
lesions were superficially sealed with an adhesive.|59] There were
no major variations in lesion progression between the sealed
and control groups in another clinical study by Gomez et al.[60]
Treatment failures, according to the above authors, may be due to
insufficient sealing or sealant disintegration over time. Further-
more, laboratory tests revealed that unfilled resins are less resist-
ant to mechanical and chemical stress.[61] As a result, it's unclear
if superficial smooth-surface sealing with unfilled resins should
be used in everyday practise.

In comparison to sealers, the infiltration treatment can provide
a number of benefits. Proximal lesions may be penetrated with
application strips that are coated on one side, with limited need
for tooth separation and no special protection for the adjacent
tooth. The infiltration technique removes excess resin from the
tooth surface before light-curing, making clinical application
much easier. Furthermore, no sealant margins are formed on the
tooth surface with this procedure, which could promote plaque
accumulation and cause periodontal inflammation. Infiltration of
the porous lesion structures may also help to stabilise the lesion
mechanically and avoid cavitation.

Conclusion

Based on the available evidence, resin infiltration of enamel le-
sions should aim to halt the development of white spot lesions.
Combining this minimally invasive approach with a comprehen-
sive caries remineralization programme can provide therapeutic
benefits while also substantially reducing long-term restorative
needs and costs, complementing the principle of minimal inter-
vention dentistry. Although it showed convincing results, more
clinical trials are required for definitive results.

Our institution is passionate about high quality evidence based
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research and has excelled in various fields [62-72].
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