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INTRODUCTION

T
he aim of the etching of enamel is to improve the

retentive properties of the enamel for the best possi-

ble adhesion of the restorative material. The acid-etch

technique involves discrete etching of enamel in order to

remove contaminants, increase the surface energy of enamel

and create selective dissolution of prism cores or peripheries

with resultant micro-porosity into which resin can flow and

can be polymerized to form a mechanical bond with enamel.1

It has been firmly established that the essence of adhesion

lies in the best acid etching, with a generalized retentive

morphological condition over the enamel surface.2 The qual-

ity of etching depends on the etching agent, acid concentra-

tion, etching time and composition of the enamel surface.3

However, recent studies have shown that the topographic

quality of enamel etching with phosphoric acid (H3PO4) is

not achieved over the entire adhesion surface, that more than

69% of the treated surface had no etching whatsoever, while

7% presented tenuous etching and only 2% was ideally

etched.4,5 Thus to counteract these limitations, various inva-

sive and non-invasive techniques such as grinding or abrad-

ing enamel, air abrasion and laser, were used but no good

results were obtained.

Since sodium hypochlorite (NaOCl) has been used to

remove the organic smear layer from the root canal space, its

role in removing the organic content from the enamel sur-

face may prove to be substantial, thus the use of 5.25%

NaOCl as a deproteinizing agent may be a possible strategy

to optimize adhesion by removing organic elements of both

the enamel structure and the acquired pellicle.6 Thus this

study was undertaken to evaluate the effect of NaOCl

enamel deproteinization before acid etching using Scanning

Electron Microscope (SEM) Analysis.

MATERIALS AND METHOD

This study was partially carried out in the Department of

Pedodontics and Preventive Dentistry, K.D. Dental College

and Hospital, Mathura, India and Ethical committee clear-

ance was obtained before the beginning of this study. The

SEM Analysis was carried out at Sophisticated Analytical
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Instrument Facility for Electron Microscopy, Department of

Anatomy, All India Institute of Medical Sciences (AIIMS),

New Delhi, India. 

The methodology used was similar to as suggested by

Espinosa et al.6 Ten human sound permanent molars

extracted for periodontal reasons were chosen from the

patients attending the Department of Oral and Maxillofacial

Surgery. The teeth with enamel cracks or fractures along

their buccal aspect, malformations, carious lesions, restora-

tions or erosions were excluded.

After extraction, all samples were stored in saline solu-

tion at 37ºC. Each tooth was polished with pumice and

rinsed with distilled water for 10 seconds. To obtain enamel

samples comparable among themselves and with uniform

physical and chemical characteristics, the buccal surface of

the crowns were marked with horizontal line at the middle

third, then three vertical lines were marked equidistant to

each other and were cut with high speed double sided dia-

mond disk ( Shofu, Japan) and trimmed to 1 mm2. Thus 30

enamel blocks of 1 mm2 were obtained.

Each enamel block was encoded for identification pur-

pose and was treated as per the following protocol:

Group 1: This group comprised of 10 blocks. The enamel

surface was etched with 37% H3PO4 gel (Dentsply Int.,

India) for 15 seconds, washed with sterile water and air

spray for 10 seconds, then dried with oil free compressed air.

Group 2: This group also included 10 blocks. The

enamel surface was treated with 5.25% NaOCl (Prime Dent,

India) applied with sterile cotton pellet for 60 seconds,

washed with sterile water and air spray for 10 seconds, then

dried with oil free compressed air and then etched as per the

protocol followed for Group 1.

10 enamel blocks were included in the control group in

which no treatment was carried out. To maintain a uniform

standard between the samples (as each tooth was divided

into three sections, which formed two treatment groups and

one control group), each tooth was subjected to two differ-

ent treatments ensuring that this handling was applied to

teeth with the same enamel quality. All samples were then

placed on stubs for gold sputtering and were coated with

gold electrodepositing, using a Sputtering Effacoater (Agar

Sputter Coater) and prepared for surface SEM analysis

(LEO 435VP, Variable Pressure Scanning Electron Micro-

scope, Zeiss, Leica). The observation zone for all the sam-

ples were randomly selected at 5 different sites for each sam-

ple. Five microphotographs at 500X magnification were

obtained from each enamel specimen covering the entire

treated sample surface. A total of 150 images or 50 images

per group (Figures 1 to 3) were obtained and evaluated for

the quality of Type I-II etching of the enamel surface using

Auto-CAD 2007 software (Microsoft Corporation, Macrovi-

sion Corp). All the evaluations were tabulated as percentage

of etching for different groups. 

The data thus obtained were subjected to statistical analy-

sis which was performed using SPSS (Statistical package for

Social Sciences) version 12 for Windows to find the extent

of relation between the groups with Pearson’s co-relation
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Figure 1. SEM Microphotograph of Group 1(mag. 500X). No uniform
pattern of etching is observed on the enamel surface treated with
phosphoric acid alone

Figure 2. SEM Microphotograph of Group 2 (mag. 500X) showing
clogging of etched enamel surface because of accumulation of
organic debris 

Figure 3. SEM Microphotograph of Control Group (mag. 500X). Nor-
mal enamel surface characteristic and remnants of organic pellicle
can be seen. 
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test and Paired t test was used to compare the two groups;

the level of significance was set at 0.05(5%). 

RESULTS

Each sample of Group 1 and Group 2 (10 samples each)

were evaluated for Type I-II etching pattern and the mean

values were obtained (Table I) for Group 1 being 55.76 ±

25.47% and Group 2 being 53.58 ± 22.47%. It was seen that

Pearson’s correlation (Table II) revealed no statistically sig-

nificant correlation between the groups (P>0.05). According

to Paired t test (Table III), no significant difference was

observed between the two groups in which only etching with

37% phosphoric acid was done and in other, first depro-

teinization with 5.25% NaOCl was done and then etching

was performed.

DISCUSSION

Buonocore in 19557 came up with a procedure to improve

and enhance the adhesion of the restorative material to

enamel through the process of acid etching. Further research

into the underlying mechanism of the bond suggested that

tag like resin extensions were formed and microme -

chanically interlocked with the enamel microporosi ties cre-

ated by etching.8, 9

Generally, the use of a phosphoric acid concentration be -

tween 30% and 40%, an etching time of not less than 15 sec-

onds, and washing times of 5 to 10 seconds have been rec-

ommended to achieve the most re ceptive enamel surface for

bonding.10,11 Historically, some controversy existed about the

concentration of phosphoric acid that would provide optimal

etching efficacy, because some acids have been reported to

form precipitates on the surface that might interfere with

resin bonding.11,12 Chow et al13 showed that 50% phosphoric

acid applied for 60 sec onds on enamel produces a precipitate

of monocal cium phosphate monohydrate that can be rinsed

off. A precipitate of dicalcium phosphate dihydrate pro duced

by etching with less than 27% phosphoric acid was found

not to be easily removable. Calcium dissolution and etching

depth increases as the concentration of phosphoric acid

increases until the concen tration reaches 40%, at higher con-

centrations thereafter, a reverse effect is obtained. The etch-

ing time has also been reduced from the traditional 60-sec-

ond application with 30% to 40 % phosphoric acid to etch-

ing times as brief as 15 seconds. Several laboratory and clin-

ical studies have demonstrated bonding effectiveness to be

equivalent with etching times from 15 to 60 seconds14–16

respectively.

Acid etching removes about 10µm of the enamel surface

and creates a micro-porous layer from 5µm to 50µm deep.

Originally four enamel etching patterns have been described

by Silverstone et al in 1975.17 These include Type I, in which

there is predominant dissolution of the prism cores; Type II,

in which there is predominant dissolution of the prism

peripheries; Type III, in which no prism structure is evident

and indiscriminate erosion is seen and Type IV which is

junction between Type I and Type II etching patterns. The

effect of acid etching on the enamel depends on several para-

meters.18 The kind of the acid used, the acid concentration,

the etching time, the form of the etchant (gel, semi gel, or

aqueous solution), the rinsing time, the way in which etch-

ing is activated (rubbing, agitation, and/or repeated applica-

tion of fresh acid), whether enamel is instrumented before

etching, the chemical composition and condition of enamel,

whether the enamel surface belongs to the primary or per-

manent teeth or whether enamel is fluoridated, demineral-

ized, or stained.

Sodium Hypochlorite solutions have been used as wound

irrigants since 191519 and as an endodontic irrigant as early

as 192020 due to its bactericidal and proteolytic properties.

Irrigation of the root canals with sodium hypochlorite solu-

tions (in the concentrations ranging from 1% to 5.25%) is

now widely accepted. As an endodontic irrigant, sodium

hypochlorite solution is relatively cheap, is bactericidal and

virucidal, it dissolves proteins, has a low viscosity, and it has

a reasonable shelf life.21 It has been seen that sodium

hypochlorite exhibits a dynamic balance as is shown by the

reaction:

When sodium hypochlorite comes in contact with organic

material, several chemical reactions take place, i.e. fatty

acids react with sodium hydroxide creating soap and

Table 1: Mean values of Type I-II etching pattern in Group 1 and
Group 2 

Group 1 Group 2
Block 1 56.8% 60.4%
Block 2 44.2% 28%
Block 3 66.4% 56%
Block 4 48.8% 49%
Block 5 66.8% 81%
Block 6 52% 68.8%
Block 7 76.6% 48.8%
Block 8 65% 49.8%
Block 9 30% 49.6%
Block 10 51% 44.4%
Mean 55.76% 53.58

GROUP 1 GROUP 2

GROUP 1
Pearson’s
Correlation

1 0.212

P value 0.139

GROUP 2
Pearson’s 
Correlation

0.212 1

P value 0.139

Table 2. Pearson’s Correlation test between the two Groups

T df P value

Group1 –
Group 2

.49 49 .62

Table 3. Paired t- Test (comparison between the two Groups) 
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 glycerol (saponification reaction), amino acids react with

sodium hydroxide creating salt and water (neutralization

reaction) and also reacts with hypochlorous acid creating

chloramines and water. These reactions occur simultane-

ously and synergistically leading to liquefaction of organic

tissues.22

The action of phosphoric acid on the enamel surface

occurs mostly on its mineralized part i.e. its inorganic mat-

ter. Unfortunately this acid does not eliminate the organic

matter on the enamel surface which comprises of less than

1%, but can be effective in enhancing the etching pattern.

Since NaOCl has been used to remove the organic tissues

from the root canal space, its role in removing the organic

content from the enamel surface may give fruitful results.

So, it was used as the deproteinizing agent in our study to

investigate better etching pattern if at all. 

Only Type I–II patterns were observed, as they are the

predominant patterns seen on etched enamel surface. In

Group 1, the Type I-II pattern of etching observed in our

study was 55.76% while Espinosa et al (2008)6 reported it to

be less than 50% of the total enamel surface. They also

reported that pretreatment with NaOCl almost doubled the

Type I-II pattern to 94.47%, but in our study it was found to

be only 53.58%. The results might be different from

Espinosa et al (2008)6 because of the fact that the number of

images has been curtailed to 150 and the total surface area

of Type I-II etching pattern was not calculated for all the

specimens as per their study. One more significant finding

observed in this study is that in almost all the specimens of

Group-2 as evident in Figure 2, is the clogging of the etched

surface in deproteinized enamel specimens because of accu-

mulation of organic debris which might hamper the best pos-

sible final clinical outcome i.e. bond strength. As only one

such study has been reported in the literature, further studies

are needed to evaluate the effectiveness of deproteinization

in enhancing the etching pattern of the enamel surface.

CONCLUSIONS

It was observed that enamel deproteinization did not grossly

alter the surface topographic features of enamel before acid

etching in our study. The use of 37% phosphoric acid for 15

seconds still remains the best method for pretreatment of

enamel. 
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