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ABSTRACT 
Background: The aim of this study is to evaluate the color change ∆E of the dental enamel following treatment with 2 kinds 

of protector (icon infiltrant, clinpro varnish) before fixed orthodontic treatment to avoid the possible white spot lesions. 

Materials and Methods: Fifty four subjects treated with fixed appliances were divided into 3 groups: the 1st group was control, 

while the 2nd and 3rd groups were treated with icon infiltrant and clinpro varnish before bonding procedure, respectively. Color 

parameters (L,a,b) were recorded for the middle and gingival thirds before and after bonding procedure to get the ∆E of each 

group. 

Results: One-way ANOVA test showed a non-significant difference in ∆E between the 3 groups at p value <0.05, while there 

were highly significant differences in value of ∆E between middle thirds and the gingival thirds in all groups. 

Conclusion: The icon infiltrant and clinpro varnish have no effect on color of the enamel when used before the bonding 

procedure. Color change ∆E occurring in middle third is higher than that of the gingival third. 

Keywords: Color change, protector, white spot lesions. (Received:28/5/2019; Accepted:30/6/2019) 

 
Introduction 
White spot lesions (WSLs) are white milky 

patches that develop around the brackets in fixed 

orthodontic treatment due to demineralization of 

dental enamel as this demineralization is due to 

plaque attack.(1) The WSL is a disappointing 

problem arising during and after fixed orthodontic 

treatment.(2) The aggressiveness of dental plaque 

increases due to change in oral microbiota and 

difficulty to maintain oral hygiene in the presence 

of fixed orthodontic appliance.(3) According to 

Souza et al.(4) WSL occurs in approximately 50% 

of fixed orthodontic patients, this important 

problem motivates both the manufacturer and the 

researcher to do enough investigation for 

prevention and / or treatment of WSL.(5-9) That is 

why several products are available in the market 

for prevention and/or treatment of WSL. This 

study will focus on the icon infiltrant resin (DMG) 

and glass ionomer cement (clinpro XT varnish, 

3M Unitek) because it has been shown that the use 

of these products before bracket bonding would 

not interfere with or reduce the shear bond 

strength.(10) So it is wise to use one of these 

products before bonding particularly for risky 

patients who have incipient caries, history of 

WSL, non-cavity lesion and the unbalanced 

mouth with repeated acid attacks, so the 

demineralization process is faster than 

remineralization. (11) 
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Patients nowadays are not satisfied by correction 

of malocclusion only, but the color of the teeth 

plays an important role in the esthetic outcome.(12-

14) Insufficient information about the enamel color 

behavior is available so far. This study aims to 

investigate the effect of the above mentioned two 

protectant materials on enamel color when used 

under the bracket. The first research hypothesis is 

that the dental enamel may become darker in color 

as a result of using those agents. The second 

hypothesis is that the dental enamel may behave 

in a different manner (regarding the color) due to 

materials difference. 

The third hypothesis is that enamel behavior after 

application of these materials will differ according 

to the regain and anatomy of the labial aspect. 

 

MATERIALS AND METHODS 
The sample comprised of 54 individuals, 27 males 

and 27 females within an age range between 18-

40 years; all were candidates for fixed orthodontic 

therapy. All the details about this research were 

explained to them so they agreed and singed the 

consent form. The inclusion criteria: 

1- Full permanent dentition and crowding less 

than 4 mm. 

2- No caries, restoration, prosthesis or 

decalcification in the teeth. 

3- No gingival inflammation. 

4- No smoking (15). 

 

All the patients received scaling and polishing 

prophylaxis, and were motivated to follow oral 

hygiene protocol including regular teeth brushing 

with fluoridated tooth paste and never use any 

mouth wash like chlorhexidine to avoid teeth 
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staining. All patients were prepared for bonding 

but before the bonding procedure took place all 

patients underwent color measurement recording  

for the gingival and middle thirds of the upper six 

anterior teeth by using spectrophotometer vita 

easy shade compact (vita zahn fabric, bad 

sackingen, Germany).(15-16) The color of the teeth 

was explained by 3 parameters: (L, a, b) according 

to commission of international of del eclairage,(17) 

where the L parameter represents the value or 

degree of lightness in munsell system ranging 

from O (black) to 100 (white), while the “a” 

parameter represents a measure of redness (a>0) 

or greenness ((a<0) and b represent parameter of 

yellowness (b>0) or blueness (b<0). (18) To avoid 

any error in color measurement, the method was 

standardized to overcome any confounder 

variable, in which all measurements were done in 

the same environmental light. The easy shade 

device was used according to manufacturer 

instructions by the same operator who passed the 

calibration for using this device one week before 

starting this research.,(3) The operator recorded the 

(L, a, and b) variables for the middle and gingival 

thirds of each upper anterior tooth. The easy shade 

device was used by holding the sterile intra oral 

device tip (mouth piece) perpendicular to the 

labial surface of the tooth just touching the 

gingival margin (for gingival third), in the same 

manner the record for the middle third was by 

sliding the device tip to the center of the clinical 

crown.(15) 

After finishing color measurement registration for 

all patients included in this study, the sample was 

divided randomly into 3 groups (each group 

consisted of 9 males and 9 females): group one is 

a control group that received bonding in a 

conventional way without using any material 

before the bonding procedure, in the 2nd group we 

used icon (DMG, lambug, Germany), a low 

viscosity infiltrant resin, before the bonding 

procedure, while in the 3rd group we used the 

clinpro XT varnish (3M Unitek, Landsber, 

Germany), a glass ionomer cement, before the 

bonding procedure. Both protective materials used 

in groups 2 and 3 were used according to 

manufacturer protocol as shown in table (1). (10) 

 
Table 1: Groups, material and application protocol used in the current study. 

 

In sequence after the application of icon to group 

2 and clinpro to group 3 while leaving group 1 

(control group) untreated with any material before 

bonding procedure took place. 

All the groups were subjected to polishing of teeth 

with rubber cup and non-fluoridated pumice, 

sprayed with water and then dried with oil-free 

compressed air stream, and then teeth were etched 

(35% phosphoric acid gel, 30 sec washed with 

water and dried by air blowing).(10) Bonding 

procedure was done for all groups by the same 

type of adhesive and bracket. Finally at the end of 

orthodontic treatment deboning procedure was 

done using bracket removing pliers, while the 

remaining adhesive was removed with help of 12 
fluted tungsten carbide bur (Komet Gebr, 

Brasseler, Lamgo, Germany) with low speed 

under water cooling. Then finishing was 

conducted with extra fine sof-lex polishing discs 

(3M FSPE Dental product, 3Mcenter) until 

achieving the luster of the enamel. New burs and 

discs were used for every subject in this study.(15) 

All the processes of adhesive removal and 

finishing were achieved with naked eye to 

simulate the clinical environment(19). Then 

another color measurement for the upper six 

interior teeth in the same method, operator and 

device under the same circumstances were 

recorded as post-operative measurements. The 

color difference ∆ E between the first color 

measurement before bonding of the all groups and 

the second color measurement after debonding 
was calculated by the following equation: 

∆ E = [ ( L1 –L2 ) 2 + (a1 – a2 )2 + (b1-b2) 2 ] ½ 

Group Number Material Manufacturer Composition Application 

1 18 None    

2 18 
Icon 

infiltrant 

DMG 

(Hamburg 

Germany) 

1-Icon –etch hydrochloric acid 

salicylic pyrogenic acid 

2-Icon Dry 99% Ethanol 

3-Icon infiltrant resin matrix based 

on methacrylates, primer and 

additives. 

1- the etch applied for 120 sec. 

2- applied for 30 sec with air 

drying. 

3-applied for 180 sec reapplied for 

60 sec then cured for 40 sec. 

3 18 
Clinpro 

XT varnish 

3M  

Unitk 

(Landsberg 

Germany) 

Silanized glass powder, silica 

treated with silicon methacrylate, 

2-hydroxy ethil water, BIS – 

GMA. 

Copolymer of acrylic acid and 

itaconic. 

35% phosphoric acid for 20 sec 

then washing and air drying, 

mixing the components 

application and cured for 20 sec. 
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Where ∆ E represents color difference or change, 

while L1 represents the mean of the L value for 

each specific third, for example counting L1 for 

gingival thirds of upper anterior teeth according to 

following equation. (20) 

 
𝐿1 𝑜𝑓 𝑔𝑖𝑛𝑔𝑖𝑣𝑎𝑙 𝑡ℎ𝑖𝑟𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑢𝑝𝑝𝑒𝑟 𝑡𝑒𝑒𝑡ℎ 

=
𝑠𝑢𝑚 𝑜𝑓 𝐿 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑔𝑖𝑛𝑔𝑖𝑣𝑎𝑙 𝑡ℎ𝑖𝑟𝑑 𝑜𝑓 𝑎𝑙𝑙 𝑢𝑝𝑝𝑒𝑟 𝑎𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑡𝑒𝑒𝑡ℎ 𝑏𝑒𝑓𝑜𝑟 𝑏𝑜𝑛𝑑𝑖𝑛𝑔 

𝑁𝑜 𝑜𝑓 𝑢𝑝𝑝𝑒𝑟 𝑎𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑡𝑒𝑒𝑡ℎ 
 

In the same procedure we can count a1 and b1 for 

the gingival third according to the upper equation, 

so we will deal with gingival thirds of upper teeth 

as one segment by calculating the average of the 

L, a and b; the same thing will apply for the middle 

thirds so each third either gingival for middle will 

have one average of the L1, a1 and b1. (3,20) 

Descriptive statistics included means and standard 

deviation for both male and female subgroups in 

the three major groups, also independent sample t-

test was used to find any gender difference within 

each group. One-way ANOVA test was applied to 

compare ∆E in 3 groups included in this study for 

the gingival thirds and the middle thirds. Again 

independent sample t-test to compare the ∆E 

between gingival thirds and middle thirds in each 

group. 

 

RESULTS 
Table 2 shows means, standard deviation of the 

∆E for the each gender subgroup in the main three 

groups included in this study. The t-test showed 

no significant difference between the male and 

female subgroups at a level of significance p < 

0.05, so it is wise to pool the data of both gender 

subgroups in all three main groups in the present 

study. Also, table 2 shows the mean of the ∆E in 

the middle thirds is higher than that of the gingival 

thirds, the difference was highly significant, p 

<0.001 as in table 5. Table 3 and 4 show the 

difference in color change ∆E between the main 

three groups either for the gingival or the middle 

thirds, ANOVA showed no significant difference 

between these three groups.  

 
Table 2: descriptive statistics and gender difference 

for the ∆E within each group. 

Group Region 

Males 

N=9 

Females 

N=9 

T test 

d.f.=16 

Mean S.D Mean S.D P value 

First 
Gingival 3.93 0.91 4.01 1 0.164 (NS) 

Middle 4.35 0.88 4.42 0.85 0.79 (NS) 

Second 
Gingival 3.89 0.6 3.77 0.94 0.69(NS) 

Middle 4.22 0.79 4.11 0.66 0.74(NS) 

Third 
Gingival 4.51 0.91 4.37 0.77 0.81(NS) 

Middle 5.1 0.49 4.99 0.95 0.84(NS) 

 
Table 3: ANOVA test to detect the difference in ∆E 

between the three groups included in this study for 

the gingival thirds. 

Groups Number Mean SD 

First group  18 3.97 0.95 

Second group 18 3.83 0.77 

Third group 18 4.44 0.84 
F test=2.67; P value=0.087, d.f.=53 (NS) 

 
Table 4: ANOVA test to detect the difference in ∆E 

between the 3 groups included in this study for the 

middle third. 

Groups  Number Mean  SD  

First group  18 4.38 0.86 

Second group 18 4.16 0.72 

Third group 18 5.04 0.72 
F test=4.052; P value=0.27, d.f.=53 (NS) 

 
Table 5: Independent sample t-test to compare the 

value of ∆E difference between middle and gingival 

third for the three groups included in this study. 
Groups  Number  t-test  p-value 

First group  18 4.996 0.001  

Second group 18 3.331 0.001  

Third group 18 5.023 0.001  

 

DISCUSSION 
In the present study we tried to explore the enamel 

color changes due to the use of recent prophylactic 

protector agents like the icon infiltrant and the 

clinpro Xt varnish, to get rid of the possible 

clinical problem white spot lesion (WSL) that 

develops shortly after the fixed braces treatment. 

To be more specific, the labial aspects of the upper 

anterior teeth have been divided into 3 thirds: 

gingival, middle and incisal (the incisal thirds 

were omitted in this study because these 

protectors are indicated to be used only in 

peribracket area and the WSLs are unlikely to 

develop in the incisal region since it is regarded as 

self- cleanable area. (1,2,21,22) The majority of the 

previous studies included the effect of the above 

materials on enamel color were in vitro studies, 

but we do not know how far these materials will 

affect the enamel color in clinical trials. 

Table 2 shows a strong similarity between the ∆E 

of the control group and the 2nd icon infiltrant 

group, whereas table 3 and 4 show no significant 

difference between them. This result disagreed 

with Matteo et al.(22) who exposed the extracted 

and icon infiltrant treated teeth to red wine and 

coffee, also our results disagreed with Andero et 

al.(23) who induced the WSLs for the extracted 
teeth and then treated them with icon infiltrant 

then exposed the treated teeth to red wine and 
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coffee; the above two disagreements are due to 

difference in methodology since these previous 

studies are vitro while the present study is a vivo 

study. Also in the present study we did polishing 

with pumice before the bonding procedure took 

place, this polishing may remove the infiltrant 

layer. On the other hand the result of this study 

(concerning the icon infiltrant) agreed with So-

yeon bak et al.(24) who did WSLs to the extracted 

teeth, then treated them with icon infiltrant 

resulting in restoring healthy enamel color. 

Regarding the 3rd group clinpro varnish, the ∆E in 

this group is higher than the control and 2nd icon 

infiltrant group (table 2) although the difference is 

not significant either in gingival or middle thirds 

(table 3, 4). 

This result agreed with Nicoleta et al.(25) who did 

assessment for the surface discoloration of the 

enamel after application of the clinpro and after 

exposure to artificial aging and staining solutions, 

they found no significant difference in color 

stability. Again Nicoleta et al. (26) did another 

study to evaluate the effect of clinpro on bleaching 

power for natural teeth, so they took natural teeth 

as substrate, half of them were sealed with clinpro 

varnish and the other act as control, then they used 

office bleaching for both groups and did color 

measurement before and after the bleaching 

procedure they found that there was no significant 

difference between the 2 groups, according to the 

above both of the icon infiltrant and clinpro 

varnish had no significant difference on the 

enamel’s color if they were used prior to bonding 

of the fixed braces, in spite of the clinpro varnish 

group showing higher ∆E than both the control 

and icon infiltrant, but the difference is not 

significant, and the dental enamel behaves in 

similar ways with both protector materials. So 

according to the results of the present study, the 1st 

and 2nd hypotheses were rejected since both 

materials showed no effect on enamel color and 

the latter behaved the same with both of them in 

spite of their differences.  

Regarding the regional differences in ∆E, the 

value of the ∆E in middle third of all three groups 

is significantly greater than that of the gingival 

thirds, this result agreed with Allabban(20), the 

darker color of the middle thirds may be due to the 

presence of the bracket in the middle third so the 

bracket acts as a protector for the middle third 

from the abrasion of teeth brushing, on the other 

hand the gingival thirds are subject to the abrasion 

of teeth cleaning and this abrasion is enough to 

remove the infiltrated enamel layer with 

protecting and/or bonding agent and exposing new 
fresh enamel layer, because the infiltrated enamel 

with any materials, all the time looks darker than 

virgin enamel surface due to infiltrated resin tags 

that absorb water and stains from the oral 

environment. 

 
CONCLUSION 
1- Both the icon infiltrant and clinpro varnish 

have no adverse effects on enamel color when 

used before the bonding of fixed braces as 

protecting agents against WSLs. 

2- The gingival thirds show less color change 

after fixed orthodontic treatment whether we 

use protector agents or not. 
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 الخلاصة

وهي ايكون المتغلغل و كلنبرو فارنيش   الحمايةهو تقييم التغير اللوني لميناء السن بعد معاملته بنوعين من مواد  الدراسةالهدف من هذه 

 لمنع حدوث البقع البيضاء بعد علاج تقويم الاسنان الثابت

بكل  والثالثة الثانيةشخص بحاجه الى تقويم اسنان ثابت، انقسموا على ثلاث مجاميع الاولى ضابطه وتم معالجه  54والمواد:  الطريقة

 معايير اللون )ل ا ب( اخذت قبل و بعد العلاج  ‘ التقويميةبل تثبيت الحواصر من ايكون المتغلل وكلنبرو فارنيش على الترتيب ق

 .الثلاثةلميناء السن بين المجاميع  E∆لم يوجد فرق مهم في التغير اللوني : النتائج

استخدما قبل جهاز التقويم  الاستنتاجات: كل من ايكون المتغلل وكلنبرو فارنيش لا يوثران على لون ميناء السن بطريق سلبيه اذا ما 

 الثابت.

 


