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Importance of Enamel deproteinization
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INTRODUCTION

Tooth enamel is one of the main tissues of teeth in
vertebrates. It is one of the hardest and most highly
mineralized substances in human body.1 Ninety-six
percent of enamel is composed of mineral, whereas
water and organic material constitutes the remaining

four percent. In humans, the thickness of enamel
varies over the entire surface of tooth. It is thickest at
the cusps measuring up to 2.5 mm, whereas at the
cementoenamel junction (CEJ) it is the thinnest.1 The
main mineral content of enamel is calcium phosphate
in the crystalline form called the hydroxyapatite crys-
tals. This large mineral content in enamel accounts for
its strength and brittleness. Enamel lacks collagen, as
found in dentin and bone, but it contains two unique
classes of proteins - amelogenins and enamelins. These
proteins help in the development of enamel by serving
as a framework for minerals to form on, among other
functions.1

Because of its brittle nature enamel, if not sup-
ported by underlying dentin is susceptible to fracture.
Therefore understanding enamel orientation is very
important in restorative dentistry.2 Acid-etching, in-
vented in 1955, is used for bonding dental restorations
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SUMMARY

Acid-etching employs dental etchants and is used frequently when bonding dental restoration to
teeth. By dissolving minerals in enamel, the etchants remove the outer 10 micrometers on the enamel
surface and make a porous layer 5–50 micrometers deep. This roughens the enamel microscopically
and results in a greater surface area on which to bond.Acid etching with H3PO4 is not achieved over
the entire adhesion surface of the tooth. Sodium Hypochlorite solutions have been used as wound and
endodontic irrigant as early as 1920 due to its bactericidal and proteolytic properties. Irrigation of the
root canals with sodium hypochlorite solutions is now widely accepted. Removing the organic content
from the enamel surface with 5.2% sodium hypochlorite (NaOCl) as a deproteinizing agent prior to
phosphoric acid etching has shown promising effect in improving the enamel surface area. However
no relevant work has been done in Pakistan, so study must be conducted locally to find out the effect
of sodium hypochlorite as a deproteinizing agent before acid etching.
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to teeth with the help of dental etchants.3,4 These
etchants dissolve the minerals in enamel resulting in
the formation of micro porosities over the tooth sur-
face. This porous layer is about 5-50 micrometers
deep.3 This roughens the enamel surface microscopi-
cally thereby providing a greater surface area for the
bonding of restorations.

Acid-etching can have varied effects on the enamel
surface. Certain factors such as the type and duration
of etchant applied and the current condition of enamel
surface play an important role in determining the
quantity and quality of acid-etching.3

The surface changes produced in enamel surface
were first described by Gwinnet (1971) and Silverstone
(1975), who classified enamel etching into 3 patterns
on the basis of enamel micromorphology.5,6 Type 1 is a
pattern where the enamel rods are dissolved; in type 2
the interrods are dissolved; and in type 3 both rods and
interrods are dissolved. Clinically, however it gives a
white, chalky appearance showing only the quantity of
the etched surface but not its quality.5,6 However based
on the retentive quality provided by the porous layer it
was later identified by Silverstone that most of the
etching patterns were of types 1 and 2. The type 3
pattern lacked the micro retention offered by the other
two.

IMPROVING TOOTH BONDING

Different studies have been conducted in an effort
to improve the retention between enamel surface and
the restorative materials. Bonding to enamel depends
upon the type of etching agent, duration of etching,
concentration of acid being used and composition of
the enamel surface. 7 Other efforts such as air abra-
sion and laser have also been analyzed but did not
provide satisfactory results. 8, 9 One such effort was
done by Espinosa et al, who polished the enamel
surface with the intention to remove the organic com-
ponents that interfered with effective enamel etch-
ing.10 They found that enamel deproteinization with
sodium hypochlorite before phosphoric acid etching
increased the etched surface area to double when
compared with conventional phosphoric acid etching.

Sinohara MS (2006) carried out a study to analyze
the etching pattern of SES self-etching bonding sys-
tem in comparison with 35% phosphoric acid etchant.11

Aqueous mixtures of polymerizable acidic monomers
and methacrylate are the main components of Self
etching systems, while esters from phosphoric acid,
carboxylic acid derivatives have been used to develop

the acidic monomers.12,13,14,15 However it was found
that etching produced by self-etching system was less
effective than that produced by phosphoric acid.

Fava M et al (2003) evaluated the morphological
aspects of the enamel of teeth after etching with 36%
phosphoric acid or a non-rinse conditioner. Electron
micrographic analysis showed that both etching agents
were effective for etching the enamel of teeth causing
formation of micro porosities on the enamel surface,
but the etching pattern was more effective with the use
of 36% phosphoric acid.16 The main aim of all these
investigations was to improve the adhesive properties
of the enamel for the better retention.

It has been proved that a generalized retentive
morphological area over the entire enamel surface
provides a strong adhesion which is achieved by good
etching. However recent studies have shown that
enamel etching with H3PO4 is not attained over the
entire adhesion surface and that 69% of the treated
surface had no etching whereas 7% presented feeble
etching and only 2% was ideally etched. These results
are generally seen in clinical practices where sealants,
adhesive restorations and orthodontic brackets are
failing.17 Deproteinization of enamel involves the re-
moval of organic content i.e. proteins from the enamel.
Sodium hypochlorite (NaOCl) has been used success-
fully in endodontics as an irrigating solution to disin-
fect, remove debris, as well as organic materials from
the canals.18,19

UPDATES

Till date few studies have been carried out utiliz-
ing NaOCl as a deproteinizing agent for the improve-
ment of tooth bonding. One such study utilized 5.2%
sodium hypochlorite (NaOCl) as a deproteinizing agent
before phosphoric acid etching carried out by Espinosa
et al. (2008) It showed that prior deproteinization by
NaOCl doubled significantly enamel’s retentive sur-
face to 94.47%.30 This technique seemed effective in
removing organic elements from the enamel structure
as well as the acquired pellicle thereby conserving the
tooth structure and improving its adhesive properties.
But the use of sodium hypochlorite prior to acid etch-
ing was put in doubt by Bhoomika et al. (2010) who
carried out a study in accordance with the study done
by Espinosa et al (2008) and observed that enamel
deproteinization did not grossly alter the surface topo-
graphic features of enamel before acid etching.20
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CLINICAL IMPORTANCE

Acid etching is an important aspect in clinical
dentistry but the surface area etched ideally is only
2%. This is generally seen in clinical practices where
sealants, adhesive restorations and orthodontic brack-
ets are failing, which results in repeated dental visits
thus prolonging the dental treatment and increasing
its cost. In order to improve the bonding of orthodontic
brackets and restorative materials to enamel other
techniques are now being developed. One such method
is to remove the organic content i.e. proteins
(deproteinization) from enamel which has shown prom-
ising results in in-vitro studies. This method increases
the enamel surface area and thus makes bonding more
efficient. However, there is a need to validate these
findings.

DISCUSSION

The objective was to observe the effect of enamel
deproteinization before acid etching on the enamel
surface area of Pakistani population through the ap-
plication of 5.25% sodium hypochlorite (NaOCl) and
3% NaOCl for 60 seconds respectively. To measure the
surface area obtained with conventional acid etching
with 37% Phosphoric acid (H3PO4) alone as well as
with the application of NaOCl (5.25% and 3%) before
conventional acid etching thereby observing weather
NaOCl application can lead to better bonding of dental
restorative materials on the surface of enamel or not.

CONCLUSION

Sodium Hypochlorite solutions have been used as
wound irrigants since 1915 and as an endodontic
irrigant as early as 1920 due to its bactericidal and
proteolytic properties. Different concentrations of
NaOCl (1%-5%) have been now widely accepted as root
canal irrigant. Since the use of 5.2% NaOCl as a
deproteinizing agent before acid etching is not conven-
tionally used therefore further studies should be car-
ried out to evaluate the effectiveness of NaOCl in
improving the adhesive properties of enamel by in-
creasing the etched enamel surface area.

REFERENCES

1 Cate, A.R. Ten (1998) Oral Histology: development, structure,
and function, 5th ed., St. Louis, Mo.; London: Mosby, ISBN
0-8151-2952-1.

2 Medicine (2007) Homepage, website, accessed 7 October 2007.

3 Summitt, James B., William Robbins, J. and Schwartz, R.S.
(2001) Fundamentals of Operative Dentistry: A Contemporary

Approach, 2nd ed. Chicago, Ill.; London: Quintessence Publish-
ing, ISBN 0-86715-382-2.

4 Ross, Michael H., Kaye, G.I. and Pawlina, W. (2006) Histology:
a text and atlas, 5th ed., Philadelphia; London: Lippincott
Williams & Wilkins, ISBN 0781772214.

5 Gwinnett AJ. Histological changes in human enamel following
treatment with acidic adhesive conditioning agents. Arch Oral
Biol. 1971; 16: 731-38.

6 Silverstone LM, Saxton CA, Dogon IL, Fejerskov O. Variation in
the pattern of acid etching of human dental enamel examined by
scanning electron microscopy. Caries Res. 1975; 9: 373-87.

7 Silverstone LM. (1974) The acid etch technique: in vivo studies
with special reference to enamel surface and the enamel-resin
interface. In: Silverstone, LM, Dogon IL, eds. Proceedings of
International Sym-posium on the Acid Etch Technique. St Paul,
MN: North Central Pub-lishing. 13-39.

8 Knobloch LA, Meyer T, Kerby RE, Johnston W. Microleakage
and bond Strength of sealant to primary enamel comparing air
abrasion and acid etch techniques, Pediatric Dent. 2005; 27(6):
463-9.

9 Martinez-Insua A, Da Silva Domínguez L, Rivera FG, Santana-
Penin UA. Differences in bonding to acid-etched or Er: YAG-
laser-treated enamel and dentin surfaces. J Prosthet Dent.
2000; 84(3): 280-8.

10 Espinosa R, Valencia R, Uribe M, Ceja I, Cruz J, Saadia M.
Enamel deproteinization and its effect on acid etching: an in
vitro study. J Clinical Pediatr Dent. 2008; 33(1): 13-20.

11 Mirela Sanae Shinohara1, Marcelo Tavares de Oliveira1,
Vinícius Di Hipolito1, Marcelo Giannini2, Mario Fernando de
Goes3. SEM analysis of the acid-etched patterns promoted by
acidic monomers and phosphoric acids.J Appl Oral Sci. 2006;
14(6): 427-35.

12 Hayakawa T, Kikutake K, Nemoto K. Influence of self-etching
primer treatment on the adhesion of resin composite to polished
dentin and enamel. Dent Mater. 1998; 14: 99-105.

13 Kanemura N, Sano H, Tagami J. Tensile bond strength to and
SEM evaluation of ground and intact enamel surfaces. J Dent.
1999; 27: 523-30.

14 Pashley DH, Tay FR. Aggressiveness of contemporary self-
etching adhesives Part II: etching effects on unground enamel.
Dent Mater. 2001; 17: 430-44.

15 Perdigão J, Geraldeli S. Bonding characteristics of self-etching
adhesives to intact versus prepared enamel. J Esthet Restor
Dent. 2003; 15: 32-41.

16 Fava M; Myaki SI; Arana-Chavez VE; Fava-de-Moraes F. Ef-
fects of a Non-Rinse Conditioner on the enamel of primary teeth.
Braz. Dent. J. 2003; 14(3).

17 Going RE, Haugh LD, Grainger DA, Conti AJ: Four year clinical
evaluation of a pit and fissure sealant. J Am Dent Assoc.1977;
95: 972-81.

18 Ercan E, Ozekinci T, Atakul F, Gul K., Antibacterial activity of
2% chlorhexidine gluconate and 5.25% sodium hypochlorite in
infected root canal: In vivo study J ENDOD. 2004; 30(2): 84-87.

19 Grandini S, Balleri P, Ferrari M., Evaluation of Glyde File Prep
in combination with sodium hypochlorite as a root canal irrigant.
J ENDOD. 2002 April; 28(4): 300-303.

20 Bhoomika Ahuja, Ramakrishna Yeluri, Sudhindra Baliga M,
AK Munshi. Enamel Deproteinization before Acid Etching – A
Scanning Electron Microscopic Observation. J Clin Pediatr
Dent. 2010; 35(2): 169-172.


