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• ABSTRACT: Ten unerupted human third molars were examined under the scanning electron micro
scope. ln the fractured surfaces can be observed an extemaJ "prismIess" layer at the buccaJ and lingual
faces. The specimens treated by phosphoric acid in vitro showed three basic etching pattems. The
type l etching pattem showed a rough enamel surface with the prism core removed. The type II etching
pattem showed that the prism cores are left projecting towards the enamel surface, and the type III,
showed the loss of prism with irregular arranged structures. The effects of acid-etching on the enamel
surface depend on the variation of tooth morphology, selected surface and changes in enamel structure.
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Introduction

The existence oí the "prismless" enamellayer have been described by severa!
authours.1.2.3.4.5.7.9.10.11.12,16.17,18.21 Gn the other hand, some papers reporting the effects
oí acid treatment on tooth enamel indicate a consensus about the general classification
oí eífeets obtained.13.19 However, there are a great number oí variables which may
affeet the result obtained, such as: tooth morphology, the suríace and the type, tooth,
method oí application and time oí the acid etchingB ,14

ln the present study, we have exarnined the surface oí enamel oí unerupted
teeth; beíore and after treatment with orthophosphoric acid, employing the scanning
electron microscope.

• This research was supported by Fapesp Orant n. 88/0289-7 - São Paulo - Brazil.
•• Departamento de Odontopediatria - Faculdade de Odontologia - UNESP - 12245-000 - São .bsé dos Campos - SP.

••• Departamento de Anatomia - Instituto de Ciências Biomédicas - USP - 05508-900 - São Paulo - SP.
•••• Departamento de Histologia - Instituto de Ciências Biomédicas - USP - 05508-900 - São Paulo - SP.

Rev. Odontol. UNESP. São Paulo. 23(2): 231-239. 1994 231



Material and methods

Ten unerupted humans third molars were sectioned transversaly at the cervical
third in order to separate the crowns from the roots. Then, alI teeth were fractured in
a bucco-lingual and mesio-distal plans using a vice. ln five teeth, 37% orthophosphoric
acid (Kulzer) at 37°C was applied to the buccal and lingual surfaces for 60 seconds,
employing the routine clinic procedures. Ali these specimens were rinsed in distilled
water and dehydrated in an increasing series of alcohols. After air drying, the
specimens were mounted on a metal stubs and coated with gold ions using a Balzers
lon Sputter SCD-040 device. Specimens were exarnined under a JEOL, JSM-P15
Scanning Electron Microscope.

Results

ln the scanning electron microscopy images, a normal surface of human third
molar teeth showed several depressions which are forrned by alternating paraliel
grooves with slight elevations or convex ridges (Figure 1). The "prismless" layer was
found in the three regions (cervical, middle and occlusal), both in the buccal and
lingual faces (Figure 2). The thickness of the "prismless" enamellayer presents an
increasing value from occlusal to cervical region.

The specimens treated by 37% phosphoric acid showed several cavities in the
enamel surface (Figure 3). Based on the classification described by Silverstone et aI., 19

three types of effects are observed (types l, II, III): the Figure 3 reveals the type l
etching-pattern characterized by a rough enamel surface. ln sorne samples appeared
less affected areas, presenting a relatively smooth surface: in the type II etching
pathern may be seen a heavly damaged area and the prism cores are left projecting
towards the original enamel surface (Figure 4). High magnification views show fissures
that have been produced by the acid-etching extended along the lenght of the prism.
The effect of acid etching is quite different according the enamel surface (Figure 5).
Many samples are characterized by a random pattern of dissolution of enamel,
presenting several forrns of sulei (Figure 6), which depend on the porosity of enamel
surface (Figure 7).

ln the type III etching pattern, the internal surface of these cavities is charac
terized by the loss of prism peripherieswith irregular arranged structures (Figure 8).
Sorne adjacent areas remains mineralized and are clearly observed as a smooth
surface.
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FIGURE 1 - Lower left third molar. Shows occlusal site 01 lingual face with smooth surface (") and rows of rlormal
enamel structure (arrows). Bar: 10 fim. 3.000X

FIGURE 2 - Lower right third molar. SEM of fractured ocdusal enamel surlace of vestibular lace showing the
"prismless" layer (arrows) and enamel prisms ("). Bar: 10 fiM. 3.000X.
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FIGURE 3 - Lower left thírd molar. SEM view of coronal enamel of lingual face treated with 37% of orthophosphoríc

acido Bar: 10 11m. 240X

FIGURE 4 - Upper ríght thírd molar treated with orthophosphoríc acido Occlusal site of lingual face. evidencing the
prísm cores (small arrows) and damaged areas (large arrows). Bar: 10 11m. 2.400X
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FIGURE 5 - Upper right third molar treated with orthophosphoric aCld. lITeglliar aepresslons ar notes larrows) and
smooth enamel surfaces. Bar: 10 11m. 1.500X.

FIGURE 6 - Upper right third molar treated with orthophosphoric acido Occlusal site of buccal face evidencing a
randon pattem of dissolution (arrows). Bar: 10 11m. 900X
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FIGURE 7 - Upper right third molar treated with orthophosphoric acido Middle 01 coronal enamel shows some cavities
(arrows) and smooth surface. Bar: 10 j!m. 6.000X.

FIGURE 8 - Lower third molar treated with orthophosphoric acido Middle 01 coronal enamel shows some cavities
(arrows) and smooth surface (-l. Bar: 10 j!m. 6OOX.
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Discussion

Our results demonstrated that acid-etching process promotes the formation of
cavities of variable dépths as already reported. 13,19,22 The diversity of cavities may be
due to variations in the enamel structure and the degree of porosity of the aprismatic
layer. 8

Based on the application of phosphoric acid on the buccal and lingual faces
during 60 seconds it was confirmed that there are differences in the deep of cavities.
This result has been related to the solubility of the enamel prism and its dependence
upon the orientation of the hydroxiapatite crystals.

Our findings also confirm the existence of three types of classifications previously
reported after acid dissolution: 13, 19,20 type I showing dissolution of the prism heads;
type II showing dissolutions of the periphery of the prism and type III having a
dissolution of head and periphery simultaneously.

Nuti-sobrinho et al. 15 and Fucks et al.2 reported the type I result on the occlusal
surface of premolars and on the buccal surface of deciduous upper incisor.

However, it appears that the presence of an "prisrnless" enamellayer affects the
nature of the surface obtained after acid-etching. This study demonstrated that there
is an important link between acid-etching timing and penetration (dissolution) of the
"prisrnless" layer. On the other hand, the results also support the evidence that the
acid treatment produces cavities of several types adhesion of filling material.

FAVA, M, WATANABE, L, FAVA-DE-MORAES, F. Observações ao microscópio eletrônico
de varredura da superfície do esmalte aprismático antes e depois de tratamento pelo ácido
ortofosfórico. Rev. Odontol. UNESP, São Paulo, v. 23, n. 2, p. 231-239, 1994.

• RESUMO: Dez terceiros molares humanos inclusos foram examinados, empregando o método de
microscopia eletrônica de varredura. A camada do esmalte aprismático pode ser observada nas
superfícies fraturadas das faces vestibular e lingual. As peças tratadas pelo ácido ortofosfórico in vitro
mostraram três tipos básicos de resultados. O tipo I de ataque ácido mostra uma superfície rugosa de
esmalte com a remoção da porção central do prisma de esmalte. O tipo II mostra que a porção central
do prisma permanece intacta mas ocorre a dissolução da substância periférica. O tipo III revela uma
superfície com imagens de prismas do tipo I e II dispostas irregularmente. O efeito do ataque ácido
mostrou ser dependente da variação na estrutura do esmalte, de superfície para superfície e de dente
para dente. Estes resultados indicam diferentes previsões na adesão de resinas ou selantes.

• PALAVRAS-CHAVE: Esmalte dentário; camada aprismática; condicionamento ácido; microscopia
eletrôníca de varredura.

Rev. Odontol. UNESP, São Paulo, 23(2): 231-239, 1994 237



References

1. FAVA, M., WATANABE, L, FAVA-DE-MORAES, F. A camada aprismática do esmalte
dentário humano. Rev. Soe. Bras. ReabiJ. Oral, v. 3, p. 10-2, 1991.

2. FUCKS, A. B., EIDELMAN, E., SHAPlRA, J. Mechanical and acid treatment of the
prisrnless layer ofprimary teeth vs acid etching only: a SEM study. J. Dent. Child, v. 44,
p. 54-7, 1977.

3. GWINNETT, A. J. The ultrastructure of the "prisrnless" enamel of deciduous teeth. Arch.
Oral BioJ., v. 11. p. 1109-15, 1966.

4. . The ultrastructure of the "prismless" enamel of permanent human teeth.
Arch. Oral BioJ., v. 12, p. 381-7,1967.

5. . Human "prisrnless" enamel and its influence on sealant penetration. Arch.
Oral BioJ., v. 18, p. 441-4,1973.

6. GWINNETT, A. J., MATSUI, A. A study of enamel adhesives: the physical relationship
between enamel and adhesive. Arch. Oral BioJ., v. 12, p. 1615-20, 1967.

7. HAIKEL, Y., FRANK, R. M. Microscope életronique à balayage de la surface d'émail
aprismatique normal et carie de dents temporaries humaines. J. BioJ. Bucca1e, v. 10,
p. 111-24, 1982.

8. HINDING, J. H., SVEEN, O. B. A scanning electron microscope study of the effects of acid
conditioning on occlusal enamel of human permanent and deciduous teeth. Arch. Oral
BioJ., v. 19, p. 573-6, 1974.

9. KODAKA, T., NAKAJIMA, F., KUROIWA, M. Distribution patterns ofthe surface prismless
enamel in human deciduous incisoIS. Buli. Tokyo Dent. Coil., v. 30, p. 9-19, 1986.

10. KODAKA, T., NAKAJIMA, F., HIGASHI, S. Structure of the so-called prismless enamel in
human decidous teeth. Caries Res., v. 23, p. 290-6, 1989.

11. KODAKA, T. et alo Three-dimensional observations of the relation between the natural
enamel surface and the outermost layer in human permanent tooth. Buli. Tokyo Dent.
CooJ., v. 31. p. 105-15, 1990.

12. MIYOSHI, S., NAKATA, T., NISHIJIMA, S. Scanning electron microscopy of prisrnless
enamel in human teeth. Arch. Oral Bioi., v. 17, p. 359-62, 1990.

13. NATHANSON, D., BODKIN, J. L., EVANS, J. R. SEM of etching patterns in surface and
subsurface enamel. J. Pedod, v. 7, p. 11-7, 1982.

14. NORDENVAL, K. J., BRANNSTROM, M., MALMGREN, O. Etching of deciduous teeth an
young and old permanent teeth. Amer. J. Orthod., v. 79, p. 99-108, 1980.

15. NUTI-SOBRINHO, A. et alo Ataque ácido e reação com fluoreto de sódio 1.23% na superficie
do esmalte humano: estudo ao microscópio eletrônico de varredura. Rev. Paul.
OdontoJ., v. 10, p. 47-57, 1980.

16. RIPA, L. W. The histology of the early carious lesion in primary teeth with special reference
to a prisrnless outer layer of prirnary enamel. J. Dent. Res., v. 45, p. 5-11, 1966.

17. RIPA, L. w., GWINNETT, A. J., BUONOCORE, M. G. The "prisrnless" outer layer of
deciduous and permanent enamel. Arch. Oral BioJ., V. 11, p. 41-8,1966.

18. . The prisrnless enamel surface microscopy with polarized light. Dent. Radiog.
Photogr., V. 40, p. 39-46, 1967.

238 Rev. OdontoL UNESP, São Paulo. 23(2): 231-239. 1994



19. SILVERSTONE, L. M. et alo Variation in the pattern of acid etching of human dental enamel
examined by scanning electron microscopy. Caries Res., V. 9, p. 373-87, 1975.

20. TEN CATE, A. R. Histologia bueal: desenvolvimento, estrutura e função. 2. ed. Rio de
Janeiro: Guanabara, p. 175-91, 1986.

21. TINANOFF, N., MUELLER, B. Acid etching characteristics of prisrnless enamel. J. Int.
Assoe. Dent. Child., V. 8, p. 17-21, 1977.

22. WITTAKER, D. K. Structural variations in the surface zone ofhuman tooth enamel observed
by scanning electron microscopy. Areh. Oral Biol., V. 27, p. 383-92, 1982.

Recebido em 3.11.1993.

Hev. Odontol. UNESP, São Paulo, 23(2): 231-239, 1994 239


