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ABSTRACT

Objective: This study attempted to investigate the
effect of enamel deproteinization using citric acid,
PEG 400 and NaOCL on the shear bond strength of
orthodontic brackets to enamel using nano-silver
modified resin for the prevention of white spot
lesions. Material and Methods: 68 premolars were
used in the study; nano-silver modified adhesive
resin was used to bond orthodontic brackets to the
enamel. Specimens were divided into 4 groups
according to the applied surface treatment before
bonding. Group I (control): acid etching with 37%
phosphoric acid. Group II: deproteinization using
5.25% sodium hypochlorite (NaOCl) before acid
etching. Group Ill:deproteinization using 10% citric
acid before acid etching. Group IV:deproteinization
using 5% polyethylene glycol (PEG 400) before acid
etching. The specimens were then thermo- cycled
for 6000 cycles. They were examined for surface
roughness, shear bond strength and using electron
microscope. Results: In both surface roughness and
shear bond strength tests, Group III (citric acid)
showed the highest values, followed by Group II
(sodium hypochlorite); (p < 0.001). The least values
were shown for Groups I (control) and IV (PEG 400),
with no statistically significant difference between
them (p = 0.948). SEM revealed etching pattern
type 1 and 2 in the citric acid group while PEG 400
showed shallower micro- porosities. Conclusions:
Deproteinization of enamel using either NaOCl or
citric acid increased the bond strength of nano-sliver
modified resin to enamel, with citric acid showing
greater increase in bond strength. Deproteinization
using PEG 400 did not increase the bond strength.

KEYWORDS

Deproteinization; Sodium hypochlorite; Citric acid;
PEG 400; Nano- silver modified adhesives.

RESUMO

Objetivo: Este estudo buscou investigar o efeito da
desproteinizacdo do esmalte utilizando &acido citrico, PEG
400 e NaOCl na resisténcia ao cisalhamento de braquetes
ortodonticos ao esmalte usando resina modificada com
nanoprata para a prevencado de lesées de manchas brancas.
Material e Métodos: 68 pré-molares foram usados no
estudo; resina adesiva modificada com nanoprata foi usada
para colar os braquetes ortodonticos ao esmalte. Os corpos-
de-prova foram divididos em 4 grupos de acordo com o
tratamento de superficie aplicado antes da colagem. Grupo
I (controle): condicionamento dcido com acido fosférico a
37%. Grupo II: desproteinizacdo com hipoclorito de sédio
a 5,25% (NaOCl) antes do condicionamento acido. Grupo
[I: desproteinizacdo com &cido citrico a 10% antes do
condicionamento dcido. Grupo IV: desproteinizacdo com
polietilenoglicol 5% (PEG 400) antes do condicionamento
acido. As amostras foram entdo termocicladas por 6.000
ciclos. Eles foram examinados quanto a rugosidade da
superficie, resisténcia ao cisalhamento e usando microscépio
eletrénico. Resultados: Nos testes de rugosidade superficial
e resisténcia ao cisalhamento, o Grupo III (acido citrico)
apresentou os maiores valores, seguido do Grupo II
(hipoclorito de sédio); (p <0,001). Os menores valores
foram apresentados para os Grupos I (controle) e IV (PEG
400), sem diferenca estatisticamente significativa entre eles
(p = 0,948). A microscopia eletronica revelou padrdo de
ataque tipo 1 e 2 no grupo de acido citrico, enquanto PEG
400 mostrou microporosidades mais rasas. Conclusodes: A
desproteinizacdo do esmalte com NaOCl ou 4cido citrico
aumentou a forca de unido da resina modificada com
nanoprata ao esmalte, com o acido citrico apresentando
maior aumento na forca de unido. A desproteinizacdo
usando PEG 400 ndo aumentou a resisténcia de unido.
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Desproteinizacio; Hipoclorito de sédio; Acido Citrico; PEG
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INTRODUCTION

hite spot lesions encountered during

orthodontic treatment are considered a
major clinical problem, not only for compromising
esthetics; but also because they present the initial
stage of caries [1]. Fixed orthodontic appliances
complicate oral hygiene maintenance and
increase the risk of developing white spot lesions
[2,3-5].

Several mechanisms have been previously
suggested to control the formation of white
spot lesions which include the administration
of topical agents containing fluoride or casein
phosphopeptide-amorphous calcium phosphate
(CPPACP). However, they had considerable
limitations in noncompliant patients [6]. On
the other hand, sealant application around
the orthodontic brackets to form a physical
barrier showed contradicting results,[7-9] while
incorporating fluoride or chlorhexidine in the
adhesive provide only short-lived results,[2] and
a higher bond failure rate[1].

Silver-nano particles were found to
have a potent antimicrobial effect, without
causing enamel pigmentation or cytotoxicity
[10-12]. Nevertheless, when nano-silver
modified resin adhesives were used in bonding
orthodontic brackets, the shear bond strength
was decreased,[1,13] causing debonding and
increased treatment time and cost [2,14].

Hence, it was of prime importance to
develop a clinically acceptable orthodontic
adhesive having antimicrobial features, in
addition to satisfactory mechanical properties.
Espinosa et al showed that deproteinizing the
enamel with sodium hypochlorite (NaOCI) before
etching increased the quality of the etching
pattern (type 1 and 2), [15] because NaOCl
eliminated the organic substance that prevented
efficient etching causing type 3 etching pattern
[2,15]. Deproteinizing agents vary according to
their pH and their chemical action on proteins;
NaOCl has a pH11 while polyethylene glycol
400 (PEG 400) pH6 and citric acid pH 3.2. PEG
400 is considered a protein salting out agent; on
the other hand, citric acid disrupts the hydrogen
bond in the proteins [16-18].
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Based on this information it can be
speculated that deproteinizing the enamel surface
might enhance the bond strength of orthodontic
brackets to the enamel. To our Knowledge,
no study investigated the effect of enamel
deproteinization on the adhesive strength of
nano-silver modified adhesives using citric acid
or PEG 400.

Accordingly, this study attempted to
investigate the effect of enamel deproteinization
using citric acid, PEG 400 and NaOCL on the
shear bond strength of orthodontic brackets to
enamel using nano-silver modified resin for the
prevention of white spot lesions.

MATERIAL AND METHODS
I. Material

The materials used in this in-vitro study
were listed in Table I. Characterization of the
Silver-nano particles was done according to
Riad et al. in 2015 [1]. The pH values of the
deproteinizing agents were recorded using a
digital pH meter (Orion, 710 A, USA); Table I.

Table | - Materials used in the study

Material Description Manufacturer
Rx, 3M Gemini metal
0.56mm Roth brackets 0.22 slot Pl
Non fluoride Rely-a- No mix adhesive resin. Reliance Orthodontic
-bond Primer and adhesive paste. Products, ltasca, |ll
) Reliance Orthodontic
Rely-a-bond Etching gel Products,ftasca, I
Molecular weight: 107879/ o . )
Silver Nano-particles mol. Sigma Aldlr\;%" St Lous,
Form: powder
pH: 11
525%
) . Liquid Clorox Co,, 10" of Rama-
SoaUm ypochionts Damage the amino acids back dan, Egypt.
bone and/or side chains'™®
Chemical formula: NaOCI
pH:6
5%
Polyethylene glycol Liquid Sigma Aldrich, St. Louis,
400 (PEG 400) Protein salting out agent™e! MO.
Chemical formula:
HO(C,H,0)H
pH:32
10%
Solution prepared by dis-
Bt L solving citric acid powderin  Rx, 3M Gemini metal

distilled water brackets
Disrupt the hydrogen bond in
proteins™®

Chemical formula: CH,0,

2
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II. Methods

Preparation of nano-silver modified
adhesive resin primer

A 100 pg nano-silver powder was weighed
using a 4 digits sensitive balance (Sartorious AZ
214, Sartorious Mechatronics Corp, USA). The
powder was shaken in an amalgamator for 3
minutes using an empty, clean amalgam capsule;
to avoid particles’ agglomeration. Then, 1 ml
of the adhesive resin primer was added to the
powder using a micropipette; so that the final
concentration of nano-silver (NS) in the adhesive
resin primer was 100 ug/ ml. Dark glass bottles
were used to store the prepared NS modified
adhesive primer. The material was sonicated in
an ultrasonic mixer (Eumax model: UD100SH-
3LQ, China) to insure proper mixing, and the
procedure was performed in a dark environment
using an X-ray processing box [20].

Sample size calculation and grouping

Sample size calculation was done at 90%
power 95% confidence interval. To compensate
for non-parametric distribution; the sample size
was increased by 15%; thus, the final sample
size was 20 specimens for surface roughness
measurements and 40 for shear bond strength
measurements and 8 for the scanning electron
microscope examination.

Finally, a total of sixty-eight sound, freshly
extracted premolars for orthodontic purpose
were collected. Only teeth with no cracks,
restorations, or developmental lesions were
selected and stored in thymol solution (0.025%)
at room temperature. They were cleaned using
water slurry of pumice with a rotary polishing
brush. Scaling was done to remove any remaining
calculus.

A computer-generated randomization
list (random.org) was then used to equally and
randomly distribute the teeth into four groups.
The teeth were put in numbered, opaque and
sealed envelopes; each containing 17 extracted
teeth.
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Group I (control): Enamel was acid etched
with 37% phosphoric acid for 30s, rinsed with
distilled water for 20s and air dried.

Group II: Enamel was deproteinized using
5.25% sodium hypochlorite (NaOCl) applied
with a small brush and left for 20s.

Group III: Enamel was deproteinizated
using 10% citric acid applied with a small brush
and left for 20s.

Group IV: Enamel was subjected to
deproteinization using 5% polyethylene glycol
(PEG 400) applied with a small brush for 20s.

In groups ILIII and IV the deproteinization
was followed by rinsing with distilled water for
another 20s,[15,21] then acid etching as in
group L.

I- Surface roughness test

Five specimens from each group (n =
5) were used and embedded horizontally in
modeling wax, with their proximal surfaces
exposed. Ra measurements were performed using
a TR 220 surface roughness profilometer (Time
Group Inc. China) with a diamond stylus (tip
radius of 5um) passing across 0.8 mm length in
a cut off value of 0.25mm. Three measurements
were performed in different directions for each
surface, the average of which was considered the
Ra value for the tested specimen.

II- Shear bond strength measurement

Ten specimens from each group (n = 10)
were embedded vertically in self-cured acrylic
resin blocks, with the cemento-enamel junction
at the resin surface. After deproteinization and
etching, the adhesive primer was applied to the
tooth surface and the bracket base. The adhesive
resin paste was then applied to the brackets (Rx,
3M Gemini 0.022” slot, metal brackets),[1] which
were seated in place using hand pressure, then a
load of 300 gm was applied for 30s to standardize
the pressure on brackets [22]. LED light (Valo,
Ultradent Products, Utah, USA) at 1000 mW/
cm? was used for curing the adhesive,10s from
each side of the bracket (a total of 40s for each
specimen) [1].
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Thermocycling

The specimens were stored in distilled
water at room temperature for 24 hours, they
were thermo-cycled (Thermoscientific 1100,
Mechatronic GmbH) between 5° C and 55° C for
6000 cycles; for a dwell time of 30s in each bath
and transfer time of 10s between baths [23].

Shear bond strength test:

A 020” stainless steel wire was looped
around the lower wings of each premolar bracket.
The wire loop was attached to the cross head
of the machine. A gingivo-occlusal force with
a crosshead speed of 0.5 mm/min was exerted
onto each specimen (Instron Instruments 3365,
USA), producing a shear force at the bracket-
tooth interface, until the bracket was detached.
The shear bond strength (SBS) value for each
specimen was determined in mega Pascals (MPa)
[2, 22].

III- Failure mode assessment

After the brackets were debonded, the
enamel surface was examined for the sites and
modes of bond failure, and the amount of residual
adhesive on each tooth. The modified Adhesive
Remnant Index (ARI) [2, 24] was determined
according to the following scale:

Score 1 = all of the bonding resin, with
an impression of the bracket base seen on it,
remained on the tooth surface; Score 2 = more
than 90 per cent of the bonding resin remained
on the tooth surface; Score 3 = more than 10
per cent but less than 90 per cent of the bonding
resin remained on the tooth; Score 4 = less than
10 per cent of the bonding resin remained on the
tooth; and Score 5 = no bonding resin remained
on the tooth.

IV-  Scanning
examination

electron microscopic

It was used to assess the topography
of the enamel surface after deproteinization.
Two specimens were taken from each group to
examine the combined effect of deproteinization
followed by acid etching. For the control group,
the specimens were examined to show the acid
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etching effect alone. They were mounted on
aluminum tubs and gold sputtering was performed
using a gold sputter coater (SPI Module, USA).
Enamel surfaces were then observed under
scanning electron microscope (JSM 5500 LV,
JEOL Ltd, Japan) at a magnification of 1800 X.

Statistical Analysis

Statistical analysis was performed with
IBM® SPSS® Statistics Version 20 for Windows.
Mean and standard deviation values were
calculated for each group in each test. Data
were explored for normality using Kolmogorov-
Smirnov and Shapiro-Wilk tests. Data for shear
bond strength and surface roughness showed
parametric (normal) distribution. However,
failure mode showed non-parametric (not-
normal) distribution. For parametric data; One-
way ANOVA followed by Tukey post hoc test was
used to compare between more than two groups
in non-related samples. For non-parametric data;
Kruskal Wallis test was used to compare between
more than two groups in non-related samples.
Mann Whitney test was used to compare between
two groups in non-related samples.

The significance level was set at p < 0.05

RESULTS
Results of nano- silver characterization

They were characterized regarding their
optical properties using UV absorption spectra.
The spectrum exhibited Plasmon bond at = 434
nm, which indicated the formation of spherical
silver nano- particles.

Transmission electron micrographs
revealed the spherical shape of the particles and
their size (65-100 nm).

I- Surface roughness results:

A statistically significant difference was
observed between Groups I, II, IIl and IV (p <
0.001).

A statistically significant difference was
found between Group I and either Group II or
Group III (p < 0.001). On the other hand, no

4
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Table Il - Means and standard deviations (SD) of shear bond

statistically significant difference was found strength values (MPa) among different groups

between Group I and Group IV (p = 0.998).

A statistically significant difference was Groups Mean SD
found between Group II and either Groups III Group! 6.34° 109
or IV (p < 0.001). Also, a statistically significant Group I 05 10
difference was found between Groups III and IV
(p < 0.001). Group Il 18132 140

.. . Group IV 6.62° 0.86

that Group III (citric acid) showed the o o

highest surface roughness values, followed by p-value <0.00t* significant

Group II (sodium hypochlorite). quever, the “significant (p<0.05)  ns; non-significant (p>0.05)

least surface roughness values were given out by Same superscript letters denote no statistically significant

Groups I (control) and IV (PEG 400); Table II. difference between groups, while different superscript letters
denote presence of significant difference.

Table Il - Means and standard deviations (SD) of Ra surface

roughness values (um) in different groups ITI- Results of failure mode assessment:

Groups Mean SD III. A: Failure mode scores:

Group! 013°¢ 003 Failure mode scores among different

Groupll 0520 003 groups were demonstrated in the form of their

Srouwoll 100¢ 005 frequency of distribution (%). There was a
P ' : statistically significant difference between all

Group IV 013¢ 0.03 groups; p < 0.001.

L =L Group I showed 0 specimens (0%) with

. o .
*significant (p<0.05)  ns; non-significant (p>0.05) SCOI‘? L, o Spec1mens (0%) Wlth_ score 2, 0
Same superscript letters denote no statistically significant specimens (0%) with score 3, 4 specimens (40%)

difference between groups, while different superscript letters with score 4 and 6 specimens (60%) with score 5.
denote presence of significant difference.

Group II; showed1l specimen (10%) with

1I- Shear bond strength results: score 1, 4 specimens (40%) with score 2, 5

specimens (50%) with score 3, 0 specimens (0%)

A statistically significant difference was  yyith score 4 and 0 specimens (0%) with score 5.
observed between Groups I, II, IIl and IV (p <

0.001). Group III showed 4 specimens (40%)
L o ] with score 1, 5 specimens (50%) with score 2, 1
A statistically significant difference was specimen (10%) with score 3, O specimens (0%)

found between Group I and either Groups II or III with score 4 and 0 specimens (0%) with score 5.

(p < 0.001). On the other hand, no statistically ) )
While Group IV showed 0 specimens (0%)

significant difference was found between Groups . Y -
Tand IV (p = 0.948). with score 1, O specimens (0%) with score 2, 1

o o ) specimen (10%) with score 3, 4 specimens (40%)
A statistically significant difference was with score 4 and 5 specimens (50%) with score 5.
found between Group II and either Groups III

or IV (p < 0.001). Also, a statistically significant
difference was found between Groups III and IV The type of failure was delineated under
(p < 0.001). Group III (citric acid) showed the stereomicroscope; and shown in Figure 1.
highest SBS values, followed by Group II (sodium

hypochlorite). However, the least SBS values

were observed in Groups I (control) and IV (PEG

400); Table III.
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Figure 1- Stereomicroscopic photos representing various types of failure: a: score 1, b: score 5, c: score 2,3,4.

IV- Scanning electron microscope results

Deproteinization with either NaOCl or
citric acid before acid etching resulted in a
rougher surface (etching pattern type 1), where
dissolution of the core of enamel prisms occurred
leaving the interprismatic material intact; honey
comb appearance (Figure 2a and 2b white
arrows). Also, type 2 etching pattern was observed
in some areas; showing dissolution of enamel
rods’ peripheries, with intact enamel rod core
material; cobblestone like appearance (Figure
2a and 2b yellow arrows). The interprismatic
grooves created in type 2 etching pattern were
deeper and more profound in the citric acid group
giving a surface topography of higher roughness
and more retentive features.

The PEG 400 and the control groups
displayed type 3 etching pattern in some areas
showing surface irregularities with no specific
features or changes in the enamel prisms (Figure
2cand 2d red arrows). Also, type 4 etching pattern
was observed displaying a random distribution of
depressions with no preferential destruction of
prism cores or peripheries and some areas were
left poorly etched (Figure 2c and 2d blue arrows).

Figure 2 - a: SEM, deproteinization with NaOCI showing
types 1 and 2 etching patterns. b: SEM, deproteinization with
citric acid showing types 1 and 2 etching patterns. c: SEM,
deproteinization with PEG 400 showing types 3 and 4 etching
patterns. d: SEM of acid etched enamel surface, showing
types3 and 4 etching patterns.

DISCUSSION

Orthodontic patients suffer from a
relatively high incidence of white spot lesions as
fixed orthodontic appliances present a difficulty
for satisfactory oral hygiene maintenance.
In addition, patients may not make regular
dental visits for plaque control which results in
subsequent enamel decalcification [1, 2].
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On the other hand, the antimicrobial
effects of the nano-silver modified orthodontic
adhesives were not utilized due to the reduced
bond strength and bond failure they provide
[1] Enamel deproteinization, using NaOCI, to
improve adhesive bond strength was discussed
in the literature, [2,15,21,25] and its application
offered an opportunity for taking both benefits.
Further, the use of citric acid and PEG 400 was
attempted as a first in the literature.

The wire loop method was chosen for
SBS testing because it simulated clinical loads
and offered better stress distribution at the
bracket/ enamel interface compared to the knife
edge chisel method[22,26-28] Furthermore,
thermocycling was considered to be pivotal in
simulating the clinical duration of orthodontic
treatment and in inducing a thermal aging effect
unlike other research which investigated short
term bond strength [29].

The results showed that deproteinization
using either NaOCl (group II) or citric acid
(group III) resulted in significantly higher a SBS
compared to PEG 400 (group IV) and group I
(control; acid etching only). On the other hand,
PEG 400 resulted in SBS values comparable to the
control group. This could be attributed to their
different mechanisms of protein denaturation,
and their diverse pH values. NaOCl is an agent
of high redox potential, inducing widespread
destabilization of the protein tertiary structure.
Its alkaline pH allows hydrogen atom abstraction
at the a- carbon; resulting in fragmentation of the
protein backbone and a stronger adhesive junction
[21,30-31]. Justus et al. [2] reported comparable
results; nevertheless the increase was more on
using resin modified glass ionomer rather than
composite. This difference could be attributed
to the fact that the composite used in this study
was modified by the addition of the silver nano-
particles which increased the bond strength.
Likewise, Sharma et al. reported an increase in
SBS using NaOCl on teeth with flurosis [25].
Regarding the citric acid, its free hydrogen ions

Enamel Deproteinization: Will It Save The Shear Bond Strength
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interacted with proteins altering their molecular
structure and breaking the hydrogen bonds that
held the protein chains in a twisted manner; which
caused proteins to disentangle and denature.
Besides, its acidic pH could be considered as
an augmentation to the acid etching procedure
causing deeper enamel micro-porosities allowing
greater penetration of the adhesive. The SBS,
hence was increased compared to acid etching
per se or deproteinization using NaOCI [32].

With respect to PEG 400 (group IV), no
statistically significant difference was observed
compared to the control group (group I). This
concluded that the salting out of proteins
produced by PEG was not effective for enamel
deproteinization.

It is logically expected that as the surface
roughness of enamel increased, the infiltration
and mechanical interlocking of the adhesive resin
within the enamel micro-pores increased; hence
the strength of the adhesive junction increased
as well. The surface roughness results showed
that citric acid (group III) induced deeper micro-
porosities resulting higher roughness, while
PEG 400 (group IV) showed the lowest surface
roughness that was comparable to acid etching
per se (group I).

Aiming to attain a more comprehensive
explanation for the obtained results; SEM
investigation of the deproteinized enamel was
performed and the results concurred with the
SBS and the surface roughness test results.

Accordingly, the observed failure mode in
the groups deproteinized using NaOCl and citric
acid was mainly a cohesive failure unlike that seen
in another study where their sample showed an
adhesive failure at the bracket/resin interface [2].
This might have resulted from the difference in
nature and composition of the used bonding resin.
On the other hand, the failure in the PEG 400 and
acid etch per se groups occurred at the bonding
resin/ tooth interface; which indicated the possibility
of more often bracket failure during treatment[2].

7
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CONCLUSIONS

1- Deproteinization of enamel using either
NaOCl or citric acid increased the bond strength
of nano-silver modified resin to enamel, with
citric acid showing a greater increase in bond
strength.

2- Deproteinization using PEG 400 did not
increase the bond strength.
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