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RESIN INFILTRATION ON WHITE SPOT LESIONS WITH VARIOUS DEPTHS
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ABSTRACT:
Objectives: This study was

conducted to evaluate the efficiency of resin
infiltration to improve the color of White Spot 
Lesions (WSLs), and to estimate the effect of
different numbers of etching and resin
infiltrant applications on the color change 
of WSLs with various depths.  Methods: 96 
sound extracted premolars were subjected to 
acid attack inducing different depths of WSLs.
Using a DIAGNOdent, teeth were divided 
into four main groups according to the depth 
of the WSLs: shallow enamel, deep enamel, 
shallow dentine and deep dentine without 
cavitation. Then each of the main groups was 
subdivided into 4 groups; 6 teeth each with 
different protocols of resin infiltration as
follows: 1 Etching + 1 infiltrant
Application (EA), 1 Etching + 2 infiltrant
Applications (EAA), 2 Etchings + 1 infiltrant
Application (EEA), 2 Etchings + 2 infiltrant 
Applications (EEAA). Spectrophotometric 
analysis was measured at baseline (T0), after 
inducing the WSLs (T1), and following resin 
infiltration application (T2) for each group.
Results: In shallow enamel, EA produced the 
least mean color difference (1.62±0.85), with high
significant difference (P < 0.001), when
compared with the clinically detectable

threshold (∆E =3.7). While in deep
enamel, EAA showed the least mean color 
change (1.95±0.4), with P < 0.001 when
compared with the critical value. Also, in
shallow dentine, the least mean change 
was noticed with EAA (3.0±0.45), P < 
0.001 when compared with the clinical color
detection threshold. Furthermore, in 
deep dentine, EAA had the least mean
difference (3.76±0.6) but with no significant
difference, when compared with the clinically
detectable threshold.  Conclusion: As the WSL
got deeper, the color of the lesion became more 
clinically visible. In shallow enamel, the best 
treatment option was one etching with one
resin infiltrant application. For deep enamel 
and shallow dentine, one etching with two 
applications of infiltrant gave the best lesion 
masking. In deep dentine it is advisable to
perform one etching with two infiltration steps, 
taking in consideration that all deep dentine
lesions without cavitation were partially 
masked, remained clinically detectable and
might require more invasive restorative
procedures. Keywords: White spot lesions, res-
in infiltration, color change, decalcification.

INTRODUCTION
A beautiful smile, the most interactive 

communication skill of a person, is created with 
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pleasing inherent proportions to one another, and 
a pleasing tooth arrangement in harmony with the 
gums, lips and face of the patient.(1) Early enamel 
decalcification, one of the most common side 
effects of fixed orthodontic treatment, manifests
itself as White Spot Lesions (WSLs). Initially a 
WSL shows an apparently intact surface layer,
followed underneath by the more porous lesion 
body, giving a chalky opaque appearance, as light is
scattered mainly within the lesion body.(2-5)

Scattering is caused at interfaces between
substances with different refractive indices as 
enamel, water and air.(6)

The early detection of WSL is important as 
these lesions have the potential to be remineralized 
and monitored over time.(7) The DIAGNOdent 
2190, known as DIAGNOdent Pen (DDPen, 
KaVo, Biberach, Germany), is a diagnostic
device in which pulsed laser irradiation of a carious
lesion causes the emission of reflected fluorescent 
light at 700-800 nm.(8, 9) Values between 10-25
indicate initial enamel carious lesion, values
between 25-35 indicate superficial dentinal caries, 
and values over 35 indicate deep dentinal caries.
(10) Several studies(11-13) evaluated its reliability 
and validity at quantification of smooth surface 
caries and WSLs.

Spectrophotometry aims to specify color by 
taking accurate measurements expressed either 
quantitatively or graphically. The Commission 
Internationale de l’Eclairage (CIE) developed 
a system that calculates the difference between 
two colors using a formula (∆E = [(∆L*) 2 + 
(∆a*) 2 + (∆b*) 2]1/2, giving a single number 
as a value for color difference (∆E).(14) Most 
studies set the proposed acceptance for color 
matching to be 3.7 units, above which the
differences are clinically visible.(15) Previously 
in literature,(16, 17) the spectrophotometer proved 
to have precise measurement and high accuracy. 

Recently with the advancing of

materials, the infiltration concept was introduced 
in the field of dentistry. The purpose of the resin
infiltration technique is to micro-invasively
infiltrate the inter-crystalline spaces of enamel with
polymerizable low viscous resin to arrest enamel 
lesions.  Before a WSL can be infiltrated, it must 
be acid etched to remove the hypermineralized 
pseudo intact surface layer of enamel and thus 
permits resin infiltration into the body of the
lesion.18.19. Since resin infiltration has a refractive 
index (1.48) that is comparable to enamel (1.65), 
thus resin infiltration can completely mask the 
opaque color of less severe inactive WSLs and 
partially mask the appearance of moderate to 
severe WSLs.(20)

In the seventies Robinson et al.(21)

investigated the concept of infiltrating a
carious lesion with resorcinol- formaldehyde
resin. The authors detected that in later
experiments, the penetration of the resin was 
improved when the tooth surface was first etched 
with hydrochloric acid for 5-10 seconds. Gray and 
Shellis(22) concluded that as the time of etching 
and number of applications of resin increased 
the percentage penetration of the resin material 
also increased. To clinically improve esthetic 
outcomes, Knösel and associates(23) recommended 
etching time of more than 120 seconds in WSLs 
that have been existent for a longer period of time 
and deeper lesions with a thicker intact surface 
layer. Arnold et al.(24) concluded that repeated
conditioning with 15% hydrochloric acid
resulted in reduction of surface roughness and 
increased the depth of the etched surface erosion.
Nevertheless, the total erosion depth is
rather shallow and hence negligible. Neuhaus and
coworkers(25) showed that surface conditioning 
with hydrochloric acid proved to be superior for 
the penetration of the infiltrant, while etching
with phosphoric acid only penetrates superficially 
into non-cavitated fissure caries lesion.  
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two infiltrant Applications (EAA), two Etching 
with one infiltrant Application (EEA) and two 
Etching with two infiltrant Applications (EEAA).

Criteria for selection: 1- Sound teeth 
free from caries, 2- Intact buccal surface 
with no visible cracks, stains or hypoplastic
areas, 3- No pretreatment with chemical agents.
Teeth preparation:

Following extraction, all teeth were cleaned 
with tap water and stored in artificial saliva 
solution (20 mmol/l NaHCO3, 3 mmol/l NaH2 
PO4 and 1 mmol/l CaCl2) at 37°C and pH 7 to
simulate the oral environment.(32)  The solution 
was changed every day. 
1) At the beginning of the study, all teeth roots 
were removed at the cemento-enamel junction 
with a diamond disk (Figure 1).

Fig 1. Tooth sectioning at the cemento-enamel 
junction.

2) In order to facilitate examination of the buccal 
surface, the lingual surfaces of the teeth were 
embedded down in self-cure acrylic resin held by 
a metal mold so that the buccal surface aligned 
parallel with the base of the mold (Figure 2).

Fig 2. Tooth embedded in acrylic resin with the 
buccal surface parallel with the base.

Meyer-Lueckel and Paris(26) and Liu et 
al.(27) showed that resin infiltration is capable of
penetrating almost completely into caries
lesions.  Kim et al.(28) noted that the lesion depth 
and shade improvement were correlated. It was 
concluded that lesions deeper than the infiltration 
capacity of resin infiltrants might demonstrate
insufficient esthetic improvement. Ou et al.(29)

examined the treatment effect of resin infiltration on
different degrees of enamel demineralization. The 
results indicated that treatment of high and low
demineralization of enamel had a similar
masking effect.

Up to our knowledge, this study was the 
first in the literature to evaluate the effect of 
different numbers of etching and resin infiltrant 
applications on the color change of WSLs with 
various depths. The null hypothesis was that
different depths of WSL will have the same
response of color change when using different 
times of etching and infiltrant applications.

Materials and Methods
A sample  s ize  of  96  human

premolars, with 6 teeth per group was
required to estimate clinical average change of 
color at various WSL depths, with a power of 
80% and α= 0.05 using G-power software.(30,31)

Ninety six human premolars extracted 
for orthodontic purpose were collected from
subjects treated in the Department of Orthodontics,
Faculty of Dentistry, Alexandria University. Teeth 
were divided into four main groups according to 
the depth of the induced WSL: shallow enamel 
(SE), deep enamel (DE), shallow dentine (SD) 
and deep dentine (DD) without cavitation. Then 
each of the main groups was further subdivided 
into 4 groups, 6 teeth each according to the
resin infiltration protocol applied. The different
infiltration protocols used were; one Etching with 
one infiltrant Application (EA), one Etching with 
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3) Prior to color measurement, all teeth were 
polished with rubber prophylaxis cup at 
a low speed hand piece with a mixture of
non-fluoridated oil-free pumice and
water and then rinsed with running water.(33)

4) A black painted metallic mold was
fabricated to help hold the teeth in a standard 
position during color measurement (Figures 3 
and 4). The mold had the same dimensions of 
the spectrophotometer tip from one side. 

Fig 3. The black painted metallic mold.

Fig 4. The placement of the specimen in the 
metallic mold.

5) Base line (T0) colorimetric analysis was carried 
out on all teeth by means of a spectrophotometer 
(Vita easy Shade ®spectrophotometer, Model# 
DEASY CHP, CBU, H013015. USA), according 
to the Commission Internationale de L’Eclairage 
(CIE) L*a*b* system (Figures 5 and 6).

Fig 5. Spectrophotometer engaged in 
the mold ready for color measurement. 

Fig 6. The analysis displayed on the
spectrophotometer screen giving the

components of color L* a* b*. 

6)  Before inducing caries lesion, the working 
area under testing was demarcated by a 4mm x4 
mm white sticker representing the area of the 
acid attack. The rest of the tooth was covered by 
a black matte acid resistant nail varnish.
7) All teeth were then immersed in a solution 
that contains 200ml artificial caries solution
(2.2 mmol/l KH 2 PO 4, 2.2 mmol/ l CaCl 2, 50 
mmol/l acetic acid) at pH 5 for a whole day. (32) 

The solution was changed daily till the appearance 
of the frosty white appearance.
8) The extent of white spot lesion was evaluated 
using a DIAGNOdent™ (KaVo, Bibberach,
Germany) every day (Figure 7). Teeth were
immersed again in an artificial caries solution if 
the extent of the lesion was not enough.
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Fig 7. The  DIAGNOdent®.

9) According to the readings of the
DIAGNOdent™ (34) teeth were divided into 
four main groups 24 teeth each. The teeth were
numbered and labeled. It took 15 days to produce 
the first white spot lesion.
• The readings of induced WSLs in the outer and 
inner half of the enamel ranged between 10-25.
•  The readings of induced WSLs present in the 
outer and middle of the dentine without any signs 
of cavitation ranged between 26-37.

10) The color of the teeth in each group was
spectrophotometrically measured after induction 
of the white spot lesions (T1).

11) Each of the main groups was subdivided 
into 4 groups, 6 teeth each according to the resin
infiltration protocol used:
a. 1 Etching + 1 infiltrant Application (EA).
b. 1 Etching + 2 infiltrant Applications (EAA).
c. 2 Etchings + 1 infiltrant Application (EEA).
d. 2 Etchings + 2 infiltrant Applications (EEAA).

12)  ICON ® (DMG, Hamburg, Germany) resin 
infiltration was applied on the induced white 
spot lesions according to the manufacturer’s in-
structions:
a) 15% HCL (ICON-Etch) was applied for 2 
minutes, then rinsed off with water spray for 
30 seconds and dried. The number of etching 
applications was determined according to the 
group assigned. 
b) Ethanol (ICON-Dry) was applied for 30
seconds followed by air drying. 
c) ICON-Infiltrant was applied and left on the 
tooth surface for 3 minutes. Excess resin was 
wiped away by a cotton roll and then light cured 

for 40 seconds. In the groups with double resin 
infiltrant application, the application of infiltrant 
resin was repeated for 1 minute and then light 
cured for 40 seconds. Finally, the roughened 
enamel surface was polished using composite 
resin polishing discs and polishing cups.

13) The color of the teeth in each group was again 
spectrophotometrically measured after application 
of ICON® (T2).
The steps of the study are illustrated in Figure 8.

Statistical analysis
To reduce the measuring error, two

readings per tooth were taken for each time 
point. The reading was verified when the color 
difference between the readings obtained 
did not exceed the threshold of 1 ∆E unit.
Readings with a difference of ∆E more than 1 unit 
were rejected and new readings were taken. An
average of the two measurements was used when 
a difference of ∆E more than 1 unit persisted.

The data was collected and entered into 
the personal computer. Statistical analysis was 
done using Statistical Package for Social Science
Version 20 (SSPS Inc, Chicago, III) software. 
After the data was tested for normality, it was
decided to use one sample t-test to compare the 
mean color difference ∆E to the threshold of
clinical detection ∆E =3.7. In order to compare the 
mean ∆E between the groups, one-way analysis of
variance (ANOVA) was performed followed by post 
hoc test. The significance level was set at P <0.05.
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T0: Color of the teeth spectrophotometry measured at baseline.
T1: Color of the teeth spectrophotometry measured after the WSL formation.
T2: Color of the teeth spectrophotometry measured after different protocols of resin infiltration.

Fig 8. Flow chart of the study

RESULTS
I. Color change comparisons after WSLs formation:

Table 1: Comparison of the mean ∆E after WSLs formation (T1-T0) between each main 
group and the threshold of clinical detection.

Different depths of WSLs

Different depths of
WSLs

Mean
∆E

Critical
Value ∆ESD t P value

3.837 0.560.814 0.589

4.807 2.311.586 0.043*

5.109 2.781.683 0.020*
3.7

6.919 12.410.86 0.000**

Shallow Enamel (n=24)

Deep Enamel (n=24)

Shallow Dentine (n=24)

Deep Dentine (n=24)

* significant at P value < 0.05 ;  ** significant at P value < 0.001;  (n) : Sample size.
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II. Color change comparisons following the various protocols of resin infiltration:
Table 2: Comparison between the mean ∆E (T2-T0) following various resin infiltration
protocols of the WSLs in enamel and the threshold of clinical detection

* significant at P value < 0.05;   ** significant at P value < 0.001;  (n) : Sample size.

Table 1 shows the mean color difference 
∆E between the T0 (baseline) and T1 (after
inducing the WSLs) in shallow enamel, deep 
enamel, shallow dentine and deep dentine 
(3.84±0.81, 4.81±1.59, 5.11±1.68 and 6.92±0.86, 
respectively). The shallow enamel group didn’t 
show statistical difference when compared with 
the clinically detectable threshold (∆E =3.7), 

however the deep enamel and shallow dentine 
groups showed significant difference (P < 0.05). 
While, the deep dentine group showed high
significant  difference (P < 0.001).

There was clinically detectable WSLs in 
all of the groups, as all of them exceeded the 
threshold of clinical detection ∆E =3.7 as shown 
in Figure 9.

Shallow Enamel
 (n=24)

Deep Enamel
 (n=24)

EA (n=6)

EA (n=6)

1.619

2.418

-8.14

-13.80

0.848

0.308

3.7

0.000**

0.000**

2.404

1.952

-6.88

-14.60

0.625

0.397

0.000**

0.000**

2.472

2.979

-5.10

-2.94

0.798

0.814

0.000**

0.015*

2.993

3.146

-1.76

-1.97

1.334

0.931

0.109

0.077

EEA (n=6)

EEA (n=6)

EAA (n=6)

EAA (n=6)

EEAA (n=6)

EEAA (n=6)
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Fig 9. Bar graph showing the extent of the mean ∆E after WSLs formation (T1-T0)
in shallow enamel, deep enamel, shallow dentine and deep dentine.
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Table 3: Comparison between the mean ∆E (T2-T0) following various resin infiltration protocols of 
the WSLs in dentine and the threshold of clinical detection.

* significant at P value < 0.05;  ** significant at P value < 0.001;  (n) : Sample size.

Table 3 also demonstrates the mean color 
difference ∆E between the baseline T0 and T2 
following various resin infiltration modalities in 
deep dentine. EAA had the least mean value of 
3.76±0.6, followed by EA, EEA and EEAA with 
means of 4.03±0.54, 4.73±0.77 and 5.96±0.57, 
respectively. All groups displayed clinical de-
tection, i.e. exceeded ∆E =3.7. EEA showed
significant difference (P <0.05) and EEAA showed 
high significant difference (P <0.001), when 
compared with the clinical detectable threshold.

Table 3 presents the mean color difference 
∆E between the baseline T0 and T2 following the 
different resin infiltration protocols in shallow
dentine. The least mean value 3.0±0.45 was
observed with EAA followed by EA, 
EEA, and EEAA with means of 3.55±0.32, 
3.83±0.36 and 4.19±0.34, respectively. Only 
two groups were clinically detectable (EEA, 
EEAA) as they exceeded the clinically
detectable threshold of ∆E =3.7. EEAA showed
significant difference (P <0.05) and EAA
revealed high significant difference (P < 0.001), 
when compared with the critical value ∆E =3.7.

color difference ∆E between the baseline T0 
and T2 following the different resin infiltration 
protocols in deep enamel. EAA gave the least 
mean value of 1.95±0.4 followed by EA, EEA, 
and EEAA with means of 2.41±0.31, 2.98±0.81 
and 3.15±0.93, respectively. All groups were 
clinically not detectable as they didn’t exceed the 
clinically detectable threshold of ∆E =3.7. EA 
and EAA showed high significant difference (P 
< 0.001), EEA showed significant difference (P 
<0.05) and lastly, EEAA revealed no significant 
difference, when compared with the clinically 
detectable threshold.

Table 2 displays the mean color difference 
∆E between the baseline T0 and T2 following 
various resin infiltration protocols in shallow 
enamel. EA gave the least mean value 1.62 
±0.85 followed by EAA, EEA and EEAA with 
means of 2.40±0.63, 2.47±0.8 and 2.99±1.33,
respectively. All groups were clinically not
detectable as they didn’t exceed the clinically 
detectable threshold of ∆E =3.7. All treatments 
demonstrated high significant difference (P < 
0.001), when compared with the critical value,
except for EEAA.

In addition Table 2 illustrates the mean 

Shallow Dentine
(n=24)

Deep Dentine
(n=24)

EA (n=6)

EA (n=6)

3.552

4.029

-1.55

2.03

0.317

0.537

3.7

0.153

0.070

3.002

3.763

-5.18

0.35

0.447

0.598

0.000**

0.734

3.826

4.732

1.16

4.43

0.361

0.773

0.274

0.001*

4.190

5.964

4.78

13.24

0.340

0.567

0.001*

0.000**

EEA (n=6)

EEA (n=6)

EAA (n=6)

EAA (n=6)

EEAA (n=6)

EEAA (n=6)
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Table 5: Multiple comparisons for the mean ∆E (T2-T0) between the different resin infiltration 
protocols in the shallow and deep dentine groups.

Table 4: Multiple comparisons for the mean ∆E (T2-T0) between the different resin infiltration 
protocols in the shallow and deep enamel groups.

* significant at P value < 0.05;  ** significant at P value < 0.001.

* significant at P value < 0.05;  ** significant at P value < 0.001.

presented in table 2. When comparing the other 
groups with each other there was no significant 
difference.

While in deep enamel, it was found that 
all the comparisons were significant except for 
EEA with EEAA. EAA gave high significant 
difference (P < 0.001) when compared with EEA 
and EEAA with mean differences of 1.027 and 
1.194, respectively. Upon comparing EA with 
the rest of the modalities, significant difference 
(P < 0.05) was found between them.

comparing EA with EEA and EEAA with mean 
differences of 0.274 and 0.638, respectively. Also 
high significant difference (P < 0.001) was found 
when comparing EAA with EEA and EEAA with 
mean differences of 0.824 and 1.188, respectively.

Table 4 shows multiple comparisons 
of the mean color difference ∆E (T2-T0)
between the different resin infiltration protocols
in shallow enamel. It was found that EA
significantly differ from the other groups; highly 
significant (P < 0.001) when compared with EEAA 
with a mean difference of 1.374, and significantly 
different (P < 0.05) when compared with EAA and 
EEA with mean differences of 0.785 and 0.853,
respectively. Those mean differences were
obtained from subtraction of the respective means 

Table 5 shows multiple comparisons of the 
mean color difference ∆E (T2-T0) between the 
different resin infiltration protocols in shallow 
dentine. It was found that all the comparisons 
are significant except for EEA with EEAA. High 
significant difference (P < 0.001) was found when 

0.045* 0.009*

0.006*0.013* 0.000**
0.992 0.091

0.160

0.001*
0.000** 0.000**

0.763

Shallow enamel

Deep enamel

EA

EA

EAA

EAA

EEA

EEA

EAA

EAA

EEA

EEA

EEAA

EEAA

0.019* 0.000** 0.000**
0.002* 0.000**

0.000**

Shallow dentine

Deep enamel

EA

EA

EAA

EAA

EEA

EEA

EAA

EAA

EEA

EEA

EEAA

EEAA

0.008* 0.000**
0.000**

0.000**
0.000**
0.107
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<0.001) was found upon comparing EA with 
EEA with mean difference of 0.703. Furthermore, 
significant difference (P < 0.05) is shown when 
comparing EA with EAA with a mean difference 
of 0.266, and when comparing EAA with EEA 
with a mean difference of 0.969.

Whereas in deep dentine, it was found that 
all the resin infiltration protocols show significant 
difference when compared with each other. When 
comparing EEAA with EA, EAA and EEA, there 
was a high significant difference (P < 0.001) 
with mean differences of 1.935, 2.201 and 1.232, 
respectively. Also high significant difference (P 

The best resin infiltration protocols in the different depths of WSLs are demonstrated in figure 10.

Baseline

SE

DE

SD

DD

Baseline

WSL

WSL

One etching and one  infiltrant  
application

One etching and two infiltrant 
applications

SE: Shallow enamel; DE: Deep enamel; SD: Shallow dentine; DD Deep dentine.

Fig 10. The best resin infiltration protocols in the different depths of WSLs.
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Discussion
Results in this study showed that there was 

a difference between the initial color of the tooth 
and its color after the induction of the WSL. The 
deeper the WSL, the more clinically apparent it 
was. Also as  the mean ∆E exceeded 3.7 units, 
the lesion got deeper. Shallow enamel lesions 
were clinically detectable although they were 
insignificant when compared with the critical 
value. When the four groups were compared 
spectrophotometrically, deep dentine showed 
the highest color difference.

A previous study by Gray and Shellis(22) 

showed increased penetration depth with
increased number of etching, however, 
the depths of the lesion were not taken in
consideration. Knösel and colleagues(23)

recommended more etching in longstanding deep 
WSLs. Moreover, Arnold et al.(24) concluded that 
repeated conditioning with 15% hydrochloric 
acid increased the depth of the etched surface 
erosion. Therefore, in the current study, 8 groups 
were assigned for double etching with 15 % HCL 
for 120 seconds each, to evaluate the effect of 
increased etching prior to resin infiltration, on 
the color change of different depths of WSLs.

Also, 8 groups were assigned for
double infiltrant application; 3 minutes for the 
first step and further 1 minute for the second step
according to manufacturer’s instructions. This was
suggested by two studies(20,29)  which noticed 
decreased lesion pore volume after double resin 
infiltrant application. Also, the resin infiltrant was 
recommended to be applied twice by Robinson 
et al.(35) because of the shrinkage of the material 
following the first application resulting in the 
generation of space that can then be occluded 
by a second application. 

Two studies by Kim et al.(28) and Ou et al.(29) 
examined the association between the depth of 
WSLs and the effect of resin infiltration, but no 

evidence was given regarding the number of 
etching and infiltrant applications needed for 
each depth.

The main goal of treatment of the WSL 
is to arrest the progression of non-cavitated
lesions and to improve the esthetics by
diminishing their opacity. Starting with lesions 
in the outer enamel, the depth of the WSLs 
was shallow and one etching with one infiltrant
application gave the least mean color
difference when compared to the base line color; 
providing the best result, as it nearly completely
camouflaged the WSL. Therefore it is
advisable to use single etching with one infiltrant
application to save time and material.
However, double infiltrant application with double 
etching gave the highest mean color difference,
statistically insignificant when compared with 
the threshold of clinical detection. This might 
be related to surface roughness produced by the 
resin. It was postulated that the average value 
of the resin color difference was related to the 
surface roughness, which might be decreased by 
polishing.(2, 36,37) 

Similarly, in deep enamel, the results 
showed that various resin infiltration protocols 
displayed no clinical detection of the WSLs as 
they did not exceed the clinically detectable 
threshold, the WSLs were well masked.  The 
least mean color difference was noticed with 
one etching and double infiltration modality 
when compared to the initial teeth color. When
comparing the four modalities, double
etching with double infiltrant application
improved the color but not efficiently, as the mean
∆E approached the clinical detectable
threshold. This might be due to the double etching 
step that could have led to differences in enamel prism
morphology. This was proved previously by
Arnold et al.(24) but not in accordance to a certain 
depth.

However, going deeper to the lesions 
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reaching shallow dentine where the WSLs were 
deeper than the previous two groups of enamel 
lesions, larger differences in color were found 
when compared with teeth color at baseline. Only 
two groups gave the best color match to the base 
line; one etching step with either one or two
infiltrant applications, their values didn’t
exceed the clinical detectable threshold of ∆E. 
This might suggest that one etching step is
preferable for lesions reaching the outer layers 
of dentine regardless of the number of infiltrant 
applications that will be done. To be more precise 
when four groups were compared, one etching 
with two infiltrant applications camouflaged the 
WSL giving the least mean value implicating the 
best combination of treatment for this depth of 
WSL. On the other hand, double etching with 
double infiltrant applications gave a mean value 
that exceeded the critical value of ∆E, presenting 
the worst treatment modality.

Progressing in deep dentine lesions, the 
WSLs were the deepest reached in this study. 
All the treatment modalities showed clinical
detection after resin infiltration, i.e. different resin
infiltration protocols were not successful in
completely masking the WSLs. Furthermore 
the worst result was found in double etching 
with double infiltrant application and the best 
was found in one etching with a double infiltrant
application. One etching was found to be enough 
to open the lesion pores without weakening 
of the tooth, while double etching resulted in
exfoliation of enamel surface in some of the 
samples. This finding was in accordance 
with Hammad et al.(38) who postulated that
removal of the hypermineralized surface layer 
by 15% HCL might additionally weaken the
lesion structure. Thus, in deep dentine WSLs one 
etching was found to be enough to remove the
hypermineralized layer without losing any enamel 
tissues besides improving the color. 

It is preferable in deep dentine lesions to 

first try using the infiltration resin technique in 
attempt to improve the color. However, according 
to the results of this study we cannot anticipate 
the full masking of the lesions once it reaches 
deep layers of dentine. If the gained result was 
not satisfactory and the WSL was still clinically 
visible, unfortunately the treatment mean will be 
diverted to more invasive restorative procedures.

CONCLUSIONS 
Based on the results of the current study, 

it can be concluded that:

1. As the WSL got deeper, the color of the lesion 
became more opaque and clinically visible.
2. Resin infiltration concept is a good technique 
for its chameleon effect used for different depths 
of WSLs.
3. With shallow enamel, the best treatment option 
is to perform one etching step with one application 
of resin infiltrant.
4. For deep enamel and shallow dentine, the best 
treatment modality is one etching step and two 
applications of the resin infiltrant. 
5. In deep dentine without cavitation, lesions were 
partially masked in all the treatment modalities 
and remained clinically detectable.
6. It is not advisable to perform two etching steps 
as enamel exfoliation, in some of the samples, 
was observed especially in deeper dentine lesions. 

REFERENCES
1. Mayekar SM. Shades of a color. Illusion or 
reality? Dent Clin North Am. 2001; 45:155-72.

2. Belli R, Rahiotis C, Schubert EW, Baratieri LN, 
Petschelt A, Lohbauer U. Wear and morphology 
of infiltrated white spot lesions. J Dent. 2011; 
39:376-85.

3. Holmen L, Thylstrup A, Artun J. Clinical and 
histological features observed during arrestment 
of active enamel carious lesions in vivo. Caries 
Res. 1987; 21:546-54.

4. Holmen L, Thylstrup A, Øgaard B, Kragh F. A 



Egyptian
Orthodontic Journal

Volume 52 December 2017 43

polarized light microscopic study of progressive 
stages of enamel caries in vivo. Caries Res. 1985; 
19:348- 54.

5. Khoroushi M, Kachuie M. Prevention and 
treatment of white spot lesions in orthodontic 
patients. Contemp Clin Dent. 2017; 8:11-9.

6. Meng Z, Yao XS, Yao H, Liang Y, Liu T, Li 
Y, et al. Measurement of the refractive index of 
human teeth by optical coherence tomography. 
J Biomed Opt. 2009; 14:34010.

7. Diniz MB, Paes Leme AF, Cardoso KS,
Rodrigues JA, Cordeiro RCL. The
efficacy of laser fluorescence to detect in vitro
demineralization and remineralization of smooth 
enamel surfaces. Photomed Laser Surg. 2009; 
27:57-61.

8. Kühnisch J, Bücher K, Henschel V, Hickel 
R. Reproducibility of DIAGNOdent 2095 and 
DIAGNOdent Pen measurements: results from 
an in vitro study on occlusal sites. Eur J Oral Sci. 
2007; 115:206-11.

9. Lussi A, Hibst R, Paulus R.  DIAGNOdent: an 
optical method for caries detection. J Dent Res. 
2004; 83 Spec No C:C80-3.

10. Takamori K, Tanaka Y, Iwasaki M, Shirakawa 
T. In vivo comparison between measurement from 
two fluorescence-based devices of occlusal and 
smooth surface caries in primary and permanent 
teeth. Pediatric Dent J. 2012;22:50-4.

11. Moriyama CM, Rodrigues JA, Lussi A,
Diniz MB. Effectiveness of fluorescence-based 
methods to detect in situ demineralization and 
remineralization on smooth surfaces. Caries Res. 
2014;48: 507-14.

12. Almosa NA, Lundgren T, Aldrees AM,
Birkhed D, Kjellberg H. Diagnosing the severity 
of buccal caries lesions in governmental and 
private orthodontic patients at debonding, using 
the ICDAS-II and the DIAGNOdent Pen. Angle 

Orthod. 2014;84:430-6.
13. Savas S, Kavrik K, Kucukyìlmaz E.
Evaluation of the remineralization capacity 
of CPP-ACP containing fluoride varnish by
different quantitative methods. J Appl Oral Sci. 
2016; 24:198-203.

14. Commission Internationale de l’Eclairage. 
Recommendations on uniform color spaces, color 
difference equations, psychometric color terms. 
Publication CIE No. 15 (E-1.3.1). Paris: CIE, 
1978, 9-12.

15. Seghi RR, Hewlett ER, Kim J. Visual and 
instrumental colorimetric assessments of small 
color differences on translucent dental porcelain. 
J Dent Res. 1989; 68:1760-4.

16. Chu SJ, Trushkowsky RD, Paravina RD. 
Dental color matching instruments and systems. 
Review of clinical and research aspects. J Dent 
2010; 38 Suppl 2:e2-16.

17. Ragain JC. A Review of Color Science in 
Dentistry: Shade Matching in the Contemporary 
Dental Practice. J Dent Oral Disord Ther. 2016; 
4:1-5.

18. Kielbassa AM, Muller J, Gernhardt CR.
Closing the gap between oral hygiene and
minimally invasive dentistry: a review on 
the resin infiltration technique of incipient
(proximal) enamel lesions. Quintessence Int. 
2009; 40:663-81.

19. Paris S, Meyer-Lueckel H. Masking of labial 
enamel white spot lesions by resin infiltration: a 
clinical report. Quintessence Int. 2009; 40:713-8.

20. Gugnani N, Pandit IK, Gupta M, Josan R. 
Caries infiltration of noncavitated white spot 
lesions: A novel approach for immediate esthetic 
improvement. Contemp Clin Dent. 2012;3:(Suppl 
2):S199-202. 

21. Robinson C, Hallsworth AS, Weatherell JA, 
Künzel W. Arrest and control of carious lesions; 



Egyptian
Orthodontic Journal

Volume 52 December 2017 44

a study based on preliminary experiments with 
resorcinol-formaldehyde resin. J Dent Res. 1976; 
55:812-8.

22. Gray GB, Shellis P. Infiltration of resin into 
white spot caries-like lesions of enamel: an in 
vitro study. Eur J of Prosthodont Restor Dent. 
2002; 10:27-32.

23. Knösel M, Eckstein A, Helms HJ. Durability 
of esthetic improvement following Icon resin 
infiltration of multibracket-induced white spot 
lesions compared with no therapy over 6 months: 
a single-center, split-mouth, randomized clinical 
trial. Am J Orthod Dentofacial Orthop. 2013; 
144:86-96.

24. Arnold WH, Haddad B, Schaper K,
Hagemann K, Lippold C, Danesh G. Enamel 
surface alterations after repeated conditioning 
with HCL. Head Face Med. 2015; 11:32-8.  

25. Neuhaus KW, Schlafer S, Lussi A, Nyvad B. 
Infiltration of natural caries lesions in relation 
to their activity status and acid pretreatment in 
vitro. Caries Res. 2013; 47:203-10.

26. Meyer-Lueckel H, Paris S. Improved resin 
infiltration of natural caries lesions. J Dent Res. 
2008; 87:1112-6.

27. Liu YH, Ge LH, Zhang ZY, Chi XQ, Hou 
FC, Chen HZ. An experimental study on the
penetration abilities of resin infiltration into
proximal caries lesions in primary molars.
Zhonghua Kou Qiang Yi Xue Za Zhi. 2012;47:684-8.

28. Kim S, Kim EY, Jeong TS, Kim JW. The 
evaluation of resin infiltration for masking labial 
enamel white spot lesions. Int J Paediatr Dent. 
2011;21:241-8.

29. Ou XY, Zhao YH, Ci XK, Zeng LW. Masking 
white spots of enamel in caries lesions with a 
non-invasive infiltration technique in vitro. Genet 
Mol Res. 2014; 13:6912-9.

30. Paris S, Meyer-Lueckel H, Kielbassa AM. 
Resin infiltration of natural caries lesions. J Dent 
Res. 2007; 86:662-6.

31. Daniel WW. Biostatistics: A foundation for 
analysis in the health sciences. 6th edition. New 
York: John Wiley and Sons; 1995.

32. Jayarajan J, Janardhanam F, Jayakumar P, 
Deepika. Efficacy of CPP-ACP and CPP-ACPF 
on enamel remineralization - an in vitro study 
using scanning electron microscope and
DIAGNOdent. Indian J Dent Res. 2011; 22:77-82.

33. Zaher AR,  Abdalla EM, Abdel Motie MA, 
Rehman NA, Kassem H, Athanasios AE. Enamel 
colour changes after debonding using various 
debonding systems. J Orthod. 2012; 39:82-8.

34. Diniz MB, Rodrigues JA, de Paula AB,
Cordeiro Rde C. In vivo evaluation of laser
fluorescence performance using different cut-off 
limits for occlusal caries detection. Lasers Med 
Sci. 2009; 24:295-300.

35. Robinson C, Brookes SJ, Kirkham J, Wood 
SR, Shore RC. In vitro studies of the penetration 
of adhesive resins into artificial caries-like lesions. 
Caries Res 2001; 35:136-41.

36. Dietschi D, Campanile G, Holz J, Meyer JM. 
Comparison of the color stability of ten new-
generation composites: an in vitro study. Dent 
Mater. 1994:10; 353-62.

37. Mueller J, Yang F, Neumann K, Kielbassa AM. 
Surface tridimensional topography analysis of 
materials and finishing procedures after resinous 
infiltration of subsurface bovine enamel lesions. 
Quintessence Int. 2011; 42: 135-47.

38. Hammad SM, Elbanna M, El Zayat I, Mohsen 
MA. Effect of resin infiltration on white spot 
lesions after debonding orthodontic brackets. 
Am J Dent. 2012; 25:3-8.






