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Abstract

Objective: Resin infiltration is a micro-invasive technique which aids in preserving sound enamel and has cariostatic propet-
ties which makes it a radical treatment option of white spot lesions. This survey was done to evaluate the awareness about resin
infiltration: a micro-invasive treatment for white spot lesions. This survey intended to know the knowledge of the dentist about
the protocol and applications of resin infiltration, as it is a technique sensitive procedure which aids in arresting the non-carious
enamel lesions, reverting back the structure to normal and helps in procuring better esthetic results.

Materials and Methods: A cross-sectional survey was formulated for the dentist of India. 234 volunteers participated in this
study between January to February of 2020. A validated questionnaire consisting of 10 close ended questions which helped to
know the level of participants' knowledge about resin infiltration: a micro-invasive treatment for white spot lesions was circulated
using online social media. The questions were graded using ‘bipolar scaling method’ or ‘even scale method’. The responses were
collected using web protocol forms that enabled quick and secure access to data. Chi-sqaure test was done.

Results: The knowledge about resin infiltration: a micro-invasive treatment for white spot lesions is very less, mainly in individuals
pursuing only bachelors in dental surgery and an increase in the awareness should be considered mainly during the dental school
education and even during continuing dental education as it might help dental surgeons who are not aware of this conservative
procedure.

Conclusion: Awareness about resin infiltration: a micro-invasive treatment available for treating white spot lesions like hypo-
mineralization, fluorosis, initial cavitation, white spots caused due to debonding of orthodontic brackets is very less.
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Introduction ing mainly the labial surfaces of maxillary incisors. WSL’s have an
outer intact surface layer, which is covering an underneath more

Dentists frequently have to treat vatious colour aberrations of porous body of lesion. An active WSL has a chalky white, opaque

teeth like extrinsic or intrinsic staining or white spot lesions appearance, this is seen due to light scattering within the body of

(WLS’s). WSLs can occur due to demineralisation of enamel, ini- the lesion. Scattering of light mainly occurs at the interfaces, due

tial proximal caries and labial white spots occur frequently due to to difference in th? refractive indice.s (RD) of er.lamel (1.62-1.65),
fixed orthodontic treatment, fluorosis, hypo-plastic enamel, etc. water (1.33) and air (1.00). Thus, visual detection of early WSL

WSL’s have prevalence of 50% [1], 60% [2] ot even 97% [3] after needs drying of the le.sion, as the RI of water is closer to that of
debonding once the orthodontic treatment has been done, affect- enamel so the WSL might appear as normal enamel to naked eyes
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[3-0]. Except for air content, light scattering in WSL was shown to
be dependent on mineral content of enamel as well |7].

There are various treatment options available for WSL’s which in-
clude fluoride application which will help in enhancing reminerali-
sation or casein phosphopeptide amorphous calcium phosphate
[8], low viscosity composite resins, micro-abrasion, polyurethane
foils [9], different sealants and resin infiltration. These all ate con-
sidered as micro-invasive treatments as they are more conserva-
tive than standard restorative treatments, these were introduced as
alternative treatment options for the management WSL’s, which
extend up to the outer part of dentin.

Remineralisation using fluoride is the most commonly used meth-
od. But it has the following disadvantages: no cosmetic improve-
ment [10, 11], in deeper lesions the surface layer gets mineralised
and the subsurface layer remains un-mineralized [12, 13|, results
are not predictable, long time of treatment, patient compliance |7,
14] is necessary, etc. Micro-abrasion is usually effective for small
WSL’s [15], but it removes motre amount of mineralized enamel
and it is technically demanding, hence all cannot have successful
outcome with micro-abrasion |9, 15, 16]. Restorative techniques
that use veneers, laminates or crowns have been extensively used
and have shown to have excellent esthetic results [17, 18] but
these procedures lead to loss of a lot of dental hard tissue mainly
enamel. Due to the reversible nature of WSLs, less invasive treat-
ment options should be considered. These micro-invasive treat-
ments help to preserve dental hard tissues structures like enamel
and therefore retreatment associated with the restorative dentistry
can be avoided [7].

Charite Berlin developed the concept of resin infiltration as a
micro-invasive approach for the management of smooth surface
WSL’s and interproximal non-carious lesions [7]. This concept
aims at creating a porous surface which helps in infiltrating the
body of the lesion with low viscosity resin and helps in creat-
ing a diffusion barrier within the tooth. It helps to block the dif-
fusion pathways for acids and dissolved minerals causing caries,
this helps to stop the demineralization process before it reaches
cavitation |7, 19]. It is produced by DMG America Company, En-
glewood, NJ, product name is Icon. It is available in two forms,
one is a proximal surface kit and another is vestibular surface kits.
Low viscosity resin infiltrants were developed so that they had
better penetration and infiltration of resin within the porous body
of the lesion (20, 21|, when compared to the regular composite
resin [22, 23]. This is achieved by capillary action technique, which
helps to carry low viscosity resins into the porous body of lesion,
as they have high penetration coefficients, low contact angle and
high surface tension [24]. Acid used to etch enamel is 15% HCI
and not 37% phosphoric acid, as pseudo-intact surface layer of
enamel is removed with help of HCI more easily than phosphoric
acid [25]. Resin infiltration is a promising micro-invasive tech-
nique that could help preserve the remaining dental hard tissue
and reduce the treatment cost [26].

There are many znz-vitro studies and reviews on resin infiltration: a
micro-invasive treatment for white spot lesions, but there are very
few surveys conducted to know the knowledge of the dentist on
resin infiltration as a treatment option. Hence, this study aims to
evaluate the awareness about resin infiltration: a micro-invasive
treatment for white spot lesion.

https://scidoc.org/IJDOS.php

Material and Method

A cross-sectional questionnaire survey was conducted among the
dentists in India between January to February of 2020. A struc-
tured online questionnaire comprising 10 closed-ended questions
regarding the participant’s demographic details (age, gender and
profession) and knowledge about resin infiltration: a micro-inva-
sive treatment for white spot lesions. The majority of questions
were graded using ‘Even scale method’ to avoid central tendency
bias and social desirability bias. Validation was done among post-
graduate students and staff of the Department of Prosthodontics
in xxx Dental College, India. Changes in the questions regarding
technique of resin infiltration was done according to the sugges-
tion of the validation committee.

Survey sample size calculator was used for calculating the sample
size, confidence interval was kept as 95% and 5% margin error,
with an estimated 20% dropout, which was up to 384 samples. A
questionnaire was sent to 480 dentist participants selected using
online social media snowball sampling method. Out of 480, 234
participants voluntarily participated in the survey (response rate -
48.75 %). The responses were collected using web protocol forms
that enabled quick and secure access to data. Ethical clearance was
obtained from SRB xxx Dental College, India. Guidelines were
followed as per the Helsinki declaration.

All the collected data was then tabulated and analysed and using-
SPSS Statistics software for windows, version 20.0. Descriptive
data was obtained. Chi square test was done for frequency analysis
and Pearson’s correlation coefficient was done for comparison of
awareness between males and females, different age groups and
between professions.

Results

A total of 234 participants were questioned out of which 30.8%
were male and 69.2% were females. The age range of the study
individuals were from 21 to 50 years with 50% of individuals in
the age range of 25-30 yrs. All the results have been summarised
in Table 1, 2 and 3 (Figure 1-6).

Discussion

Fluorosis, hypo-mineralization due to trauma, amelogenesisim-
perfecta, and molar-incisor hypo mineralization are the most com-
monly observed white spot lesions caused in enamel before tooth
eruption. Opaque enamel lesions caused after tooth eruption are
initial carious lesions and post-orthodontic lesions. These condi-
tions are together called as white spot lesions (WSL) and are of
esthetic concern mainly when affecting children and young adults
[27]. The frequency of WSLs ranges between 8.3 and 51.6% [28].
Incidence of post-orthodontic WSLs has been reported as 96%
[29]. The prevalence of MIH is different in various age groups,
ranging from 2.8% to 40% 30. The prevalence of fluorosis in
children and adults ranges between 4% and 70% [30, 31]. Amelo-
genesis imperfecta prevalence is up to 0.14% [32].

G.V. Black in 1908 defined WSLs as “occasional white or grey
spots that are small and are covered with the glazed surface of
normal enamel, so that an exploring tip glides over white spots
the same way as it glides over normal enamel” [32]. Silverstone
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Table 1. All the questions of the survey, options for the responses, the percentage of responses by males and females, cu-
mulative percentage of responses, chi square value and P value have been tabulated.

Question Obtion Response by Response by Cumulative Chi square P
ues puions Females (%) Males (%) response (%) value | Value
Fluoride application 18.5 29.2 21.8
If there is a white | Composite restoration 20.4 16.7 19.2
spot lesion, what Resin infiltration 259 29.2 26.9
treatment would Veneers 16.7 12.5 15.4 0-562 0.255
you prefer? Crowns 3.7 0 2.6
Micro-abrasion 14.8 12.5 14.1
130 yzurknofwrth; Yes 444 375 423 0oss | 01
progecure Of 7es No 55.6 62.5 57.7 ' '
infiltration?
;X/ thhdafle Si“}’l‘iﬂd 37% Phosphoric acid 46.3 58.3 50
€ use . © ‘“i Ci 5| 15% Hydrochloric acid 24.1 20.8 23.1 siia | o3
e ™ | 10% Hydroftuoric acid 24.1 16.7 218 ' '
oF resinl - Others 5.6 42 5.1
tion?
1 min 16.7 4.2 12.8
For how long will 30 sec 55.6 37.5 50
21. . *
you etch? 2 min 7.4 16.7 10.3 888 0.000
20 sec 20.4 41.7 26.9
Ylgai:h;“id ;‘? High 185 333 23.1
e r: H: s gd b Medium 463 458 46.2 8.08 | 0.018*
resinus Low 35.2 20.8 30.8
infiltration?
According to you,
will resin infiltra-
. . Yes 83.3 79.2 82.1
tlo.n help in reduc- No 16.7 0.8 179 0.588 0.443
ing secondary
carious lesions?
, Fluorosis 35.8 27.8 33.3
In which case, you Attrition
. . . . 11.7 16.7 13.2
would prefer resin Initial carious lesion 1.985 0.575
infiltration? Hypo- 216 222 21.8
' | ypoT 30.9 333 31.6
mineralization

*The chi square statistic is significant at the 0.05 level.

confirmed the work done by Applebaum in 1932, using polarized
microscopy and microradiography, which showed an intact outer
layer as the outer surface of these lesions always remained unal-
tered [20, 33]. A porous demineralized enamel layer was found
under this intact outer layer which was called ‘body of lesion’ by
Silverstone [20, 33]. The body of the lesion contains 25%-50%
porous enamel structures and 40-45 pm thick outer layer contains
82%-84% of mineral content [25, 31|, the outer layer is then cov-
ered with an “acquired cuticle” [34] that can vary from one speci-
men to another in ultrastructure and mineralization [35].

WSLs white and opaque lesion commonly seen on the labial
surface of anterior teeth and as incipient class II lesions in the
interproximal region in posterior teeth [35]. Refractive index of
hydroxyapatite in sound enamel is 1.62 20, [36]. When a WSL is
covered with saliva, the RI of saliva and the hydroxyapatite of
enamel lesion together is 1.33. WSL looks slightly opaque as the
light scattering is affected due to the difference in RI of saliva and
hydroxyapatite. In dry conditions, saliva is replaced with air which
has a refractive index of 1.0. The difference between the refrac-

tive index of air and hydroxyapatite is more than the difference
between refractive index of saliva and hydroxyapatite, due to this
difference in refractive index the WSL is more prominent when
the teeth are dried [20, 35, 30].

The treatment options for the WSL’s are micro-abrasion, exter-
nal bleaching, resin infiltration, composite resin restoration, ve-
neers and crowns and bridges [27]. Treatment options selected
for younger individuals should be the least invasive, as the ex-
pected life span of the tooth is more. Micro-abrasion and resin
infiltration techniques, are the techniques which have least effect
on enamel and help in preserving the tooth structure, hence, are
considered as the most conservative treatment options available
in recent years [28]. Resin infiltration technique has shown better
esthetic results when compared to fluoride application or amor-
phous calcium phosphate treatment for white spot lesions [35,

37).

In 1976, a cariostatic treatment was introduced, according to
which enamel has to be etched with HCI followed by the infiltra-
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Table 2. All the questions of the survey, options for the responses, the percentage of responses according to age range, cumulative percentage of re-
sponses, chi square value and P value have been tabulated.

20-25 | 25-30 | 30-35 | 35-40 | 40-45 | Cumulative | Chi
Question Options year | year | year | year | year response | square | P Value
@) | ) | o) | () | (%) (%) value
Fluoride application 20.5 29 0 0 0 21.8
If there i hit ¢ lesi Composite restoration | 17.9 | 16.1 50 0 0 19.2
pore e WP O™ | Resin infiltration 231 | 226 | 50 | 100 | 100 26.9 89 | 0000¢
R Veneers 179 | 161 | 0 0| o 15.4 ‘ '
preter Crowns 5000 0 I 2.6
Micro-abrasion 154 | 16.1 0 0 0 14.1
Do you know the procedure Yes 43.6 | 323 66.7 100 100 42.3 .
of resin infiltration? No 56.4 | 67.7 | 33.3 0 0 57.7 16484 1 0.002
. . 37% Phosphoric acid 43.6 | 58.1 50 0 100 50
7
v:i‘jl "‘;‘i Shc;“ld ble);lszd iorr 15% Hydrochloric acid | 282 | 97 | 50 | 100 | 0 23.1 5366 | 0000+
ete gr ‘i ’faﬁl‘t’“z M OT | 10% Hydrofluoricacid | 282 | 194 | 0 0 0 21.8 : ‘
coin ITAron: Others 0 [129] o 0 5.1
1 min 154 | 129 0 0 0 12.8
30 sec 53.8 | 51.6 | 33.3 0 0 50
7 il v > *
For how long will you etchr 2 min 06 129 | 333 100 0 103 56.42 | 0.000
20 sec 28.2 | 22.6 | 333 0 100 26.9
What should be the viscosity High 25.6 | 226 | 167 0 0 23.1
of the resin used for infiltra- Medium 41 54.8 50 0 0 46.2 18.72 | 0.016*
tion? Low 333 | 22,6 33.3 100 100 30.8
i;cl‘t’r“ﬁ“i AN ‘r’“g o Yes 821 | 839 | 667 | 100 | 100 82.1 aata | 0353
alonach in fecune No 179 | 161 | 333 | 0 | 0 17.9 ' o
secondary carious lesions?
Fluorosis 27.7 | 46.2 16.7 0 0 33.3
In which case, you would Attrition 17.1 7.5 222 0 0 13.2 33.01 0.001*
prefer resin infiltration? Initial carious lesion 18.8 | 22.6 [ 27.8 100 0 21.8 ' ’
Hypo-mineralization 36.8 | 23.7 33.3 0 100 31.6

*The chi square statistic is significant at the 0.05 level.

Table 3. All the questions of the survey, options for the responses, the percentage of responses according to profession, cumulative percentage of re-
sponses, chi square value and P value have been tabulated.

Under- Dental PG Pros- PG other Prostho- | Cumulative Chi P
Question Options graduate | Practitioner | thodon- | than Prostho- | dontists response square |
(%) (%) tic (%) dontic (%) (%) (%) value
Fluoride application 50 22.2 15 25 0 21.8
If there i hit . Composite restoration 0 22.2 20 17.9 0 19.2
S Resin infiltration 0 185 35 28.6 100 269 o175 | 0000+
1. . .
e e Veneers 0 22.2 25 3.6 0 154
would you pretet: Crowns 50 0 0 3.6 0 2.6
Micro-abrasion 0 14.8 5 21.4 0 14.1
Do you knF)w_ the proce- Yes 0 29.6 45 53.6 100 42.3 1836 | 0.001%
dure of resin infiltration? No 100 70.4 55 46.4 0 57.7
Which acid should be 37% Phosphoric acid 100 66.7 25 50 0 50
used for etching non- 15% Hydrochloric acid 0 11.1 45 17.9 100 23.1 5708 | 0.000%
carious lesions for resin | 10% Hydrofluoric acid 0 18.5 30 214 0 21.8 ’ ’
infiltration? Others 0 3.7 0 10.7 0 5.1
1 min 0 7.4 25 10.7 0 12.8
For how long will you 30 sec 0 63 60 35.7 0 50 "
etch? 2 min 0 11.1 0 14.3 100 10.3 76:57 1 0000
20 sec 100 18.5 15 39.3 0 26.9
What should be the High 0 14.8 40 214 0 23.1
viscosity of the resin used Medium 50 51.9 25 57.1 0 46.2 30.3 0.000*
for infiltration? Low 50 33.3 35 21.4 100 30.8
According to you, will
resin 'mﬁltratlon help in Yes 50 77.8 95 78.6 100 82.1 1336 | 0.010¢
reducing secondaty cati- No 50 22.2 5 21.4 0 17.9
ous lesions?
Fluorosis 66.7 38.3 26.7 32.1 0 33.3
In which case, you would Attrition 16.7 16 10 13.1 0 13.2 3055 | 0.002+%
prefer resin infiltration? Initial carious lesion 16.7 21 11.7 27.4 100 21.8 ’ ’
Hypo-mineralization 0 24.7 51.7 27.4 0 31.6

*The chi square statistic is significant at the 0.05 level.
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Figure 1. Bar graph showing association between profession of participant’s and response to the question “If there is a

white spot lesion, what treatment would you prefer?” X-axis represents profession of participants and Y-axis represents

percentage of responses. According to percentage of responses 100% prosthodontists choose resin infiltration (Grey) as
treatment for white spot lesions. Chi-square value: 97.72, P value: 0.000 (>0.05).

Figure 2. Bar graph showing association between profession of participant’s and response to the question “Do you know
the procedure of resin infiltration?” X-axis represents profession of participants and Y-axis represents percentage of
responses. According to percentage of responses 100% undergraduates responded No (Grey) and 100% prosthodontists
responded Yes (Blue). Chi-square value: 18.36, P value: 0.001 (>0.05).

Figure 3. Bar graph showing association between profession of participant’s and response to the question “Which acid
should be used for etching non-carious lesions for resin infiltration?” X-axis represents profession of participants and Y-ax-
is represents percentage of responses. According to percentage of responses 100% undergraduates choose 37% phosphoric
acid (Green) and 100% prosthodontists choose 15% hydrochloric acid (Blue). Chi-square value: 57.28, P value: 0.000 (>0.05).

tion with a low-viscosity resin by capillary action 35, 38]. Enamel
build-up and cariostatic properties can be achieved by infiltrating
WSLs with 15% HCI etching which makes the surface layer po-
rous, this porous layer is then dried using ethanol which removes
the excess water, followed by application of a low-viscosity light-
cured resin (tetra-ethylene glycol di-methacrylate [TEGDMA]),
this technique has shown to prevent light scattering inside the
WSL and hence helps to mask the lesion. As low viscosity resin
exhibits low contact angles to the enamel and high sutface tension
due to their very low viscosity. This properties of low viscosity
resin helps in penetration of the resin into the body of the lesion
which helps in preventing micro leakage. In addition, resin filled

porosities reinforces the unsupported enamel, which makes the
inner enamel structure stronger and resistant to acid dissolution.
According to our study 57.7% didn’t know about the procedure
of resin infiltration and only 30.8% knew that low viscosity resin
is used in this. One of the study, revealed that resin infiltration
results in more penetration and less micro-leakage than conven-
tional resin when applied on non-carious white spot lesions seen
in pits and fissure of permanent teeth. The mean resin penetra-
tion value in teeth treated with resin infiltration was 104.8571 *
7.63360 pm which was significantly higher than that in teeth treat-
ed with conventional procedure which was 5.3158 £ 3.83825 um.
The mean micro-leakage value in enamel treated with convention-
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Figure 4. Bar graph showing association between profession of participant’s and response to the question “For how long
will you etch?” X-axis represents profession of participants and Y-axis represents percentage of responses. According to
percentage of responses 100% undergraduates choose 20 seconds (Cream) and 100% prosthodontists choose 2 minutes
(Green). Chi-square value: 76.57, P value: 0.000 (>0.05).

Figure 5. Bar graph showing association between profession of participant’s and response to the question “What should be
the viscosity of the resin used for infiltration?” X-axis represents profession of participants and Y-axis represents percent-
age of responses. According to percentage of responses 100% prosthodontists choose low viscosity resin (Blue), while
percentage of responses varied according to different educational level. Chi-square value: 30.30, P value: 0.000 (>0.05).

Figure 6. Bar graph showing association between profession of participant’s and response to the question “According to
you, will resin infiltration help in reducing secondary carious lesions?” X-axis represents profession of participants and Y-
axis represents percentage of responses. According to percentage of responses 100% prosthodontists responded yes (Blue),
while percentage of responses varied according to different educational level. Chi-square value: 13.36, P value: 0.01 (>0.05).

al resin was 0.2238 *+ 0.12561 which was significantly greater than
that in enamel treated with resin infiltration (0.0119 £ 0.0097).
Some other studies have reported that resin infiltration could be
used to prevent microleakage near the margins of restorations
[39, 40] or used as a replacement for the materials used to restore
a superficial enamel lesion [41, 42].

The WSL-mineralized outer layer has scarce porosities which
hampers resin penetration. Adequate porosities for resin infiltra-
tion are not achieved when etching is done using a conventional

phosphoric acid gel, with 15% HCI wider surface porosities can be
achieved and it effectively removes the partially mineralized layer
[43]. This fact is not known by all, as in this study 50% choose
etching with phosphoric acid and only 23.1% choose hydrochlo-
ric acid for etching during resin infiltration technique. According
to the Icon (DMG America Company, Englewood, NJ) instruc-
tions 15% HCI should be used for etching the WSL for 2 minutes.
In our study only 10.3% knew that enamel has to be etched for
2 minutes for resin infiltration. However, if the whitish-opaque
appearance still persists after applying Icon-Dry (DMG Ameri-

Minal Tulsani, Subhabrata Maiti, Divya Rupawat. Knowledge and Awareness about Resin Infiltration: A Micro-Invasive Treatment for White Spot Lesions. Inz | Dentistry Oral Sei. 2020,55:02:009:46-

53.

51



http://scidoc.org/IJDOS.php

Special Issue on: Prosthodontics and Maxillofacial Prosthetics. OPEN ACCESS

ca Company, Englewood, NJ), the manufacturer recommended
etching for one or two times more with each etching cycle of 2
minutes till the opaque appearance is lost. It has been reported
that the surface layer of 29% WLSs is thicker than 50 um, hence
the extra etching steps are recommended 25, 35. It has been said
that the esthetic outcome can be increased by increasing the num-
bers of etching cycles or by increasing the duration of etching, as
it will lead to better infiltration of the resin [44, 45].

In-vitro and clinical studies have confirmed that resin infiltration
is not only an effective esthetic treatment but also a micro-invasive
cariostatic procedure [46-50|. Clinical studies revealed that there
can be 65-90 % reduction of caries after three years of follow-up
in favour of the infiltration technique when compared with other
non-invasive techniques [50-57|. Though resin infiltration has
shown good results, as a procedure it has some limitations. The
success of infiltration depends on the moisture control and depth
of the lesion. Depth of lesion affects moisture content of the
lesion, resin penetration and polymerization shrinkage. Moisture
content can be reduced by following proper protocol of ethanol
application, which helps in evaporating the water contents in the
deep porosities. Survey done by Holcomb M]J et al., showed simi-
lar results like our study, only 9% of respondents knew about the
procedure of resin infiltration. According to our study, knowl-
edge of resin infiltration was more in participants of 35-40 years
of age, this might be due to various courses conducted, continued
dental education, etc. And when compared between different lev-
els of profession, prosthodontists had complete knowledge about
resin infiltration followed by post-graduates students in prostho-
dontics.

Hence, the knowledge about resin infiltration: a micro-invasive
treatment for white spot lesions is very less mostly in individuals
pursuing only bachelors in dental surgery and an increase in the
awareness should be considered mainly during the dental school
education and even during continuing dental education as it might
help dental surgeons who are not aware of this conservative pro-
cedure.

Conclusion

Awareness about resin infiltration: a micro-invasive treatment
available for treating white spot lesions like hypo-mineralization,
fluorosis, initial cavitation, white spots caused due to debond-
ing of orthodontic brackets is very less. Very few dentists know
about the protocol followed for resin infiltration technique and in
what cases it can be used. Though resin infiltration is non-invasive
technique with better esthetic result and has good mechanical out-
comes, its knowledge and practice is less. Hence, increase in the
awareness about resin infiltration as a treatment option and its
protocol should be considered mainly during the Dental school
education and even during continuing dental education.
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