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Group 2: abrasion of the superficial layer of the
enamel with polishing discs (Soft-lex Pop-on con-
tourning and polishing discs n® 1980, Dental pro-
ducts 3M) of medium up to ultrafine grit sizes,
Group 3: abrasion of the superficial layer of the
enamel with an aluminium oxide wheel (Dedeco
Ref. 5006 7/8x1/8) followed by a wet grinding
preparation using the polyester abrasive polishing
discs described just above,

Group 4: step 3 at which was added a final polishing
with a fluoridated prophylaxis paste (Gencinol, Den-
tal products Dentoria),

Group 5: step 3 followed for this group by a final
polishing with a non fluoridated prophylaxis paste
(Sitsaciline, dental products P. Rolland, France),
Group 6: the surfaces were prepared using a fine dia-
mond bur (Horico, Ref. 221/014 F6),

Group 7: step 6 followed by a wet grinding prepara-
tion using the polyester abrasive discs Soft-lex as for
groups 2, 3, 4, 5,

Group 8: step 6 followed, for this group, by a final
polishing with the fluoride-free prophylaxis paste.

The surfaces, in group samples 1, 4, 5, were polished
with a soft rubber prophylaxis cup (Mandred
mounted rubber polishing cups, Dental products
Vevey, Switzerland) rotating at low speed, for about
2 minutes. Rinsing and drying procedures, for all
samples, were identical. The specimens were care-
fully rinsed with distilled water for 2 minutes and
dried with a blast of oil-free compressed air. The
enamel surfaces were then etched, for one minute,
with aqueous solutions of phosphoric acid 10, 50,
70% vol., the acid was applied with a cotton pellet.
The acid was then removed with a large amount of
distilled water. The specimens were air-dried before
mounting and coating.

Part 2 consists of the evaluation of the effects pro-
duced by an acidic protein (bovine serum albumin,
fraction V n°® A 8022, Sigma) on acid-conditioning.
Experimental procedures are represented in text-
figures 2 and 3.

Three concentrations for albumin solutions in dis-
tilled water were used: 0.5 g/1, 1 g/l and 2 g/1. When
bovine serum albumin (BSA) was added to 50%
phosphoric acid, even for a concentration as low as
1g/1 a slight precipitate was formed. Therefore, real
concentrations were 0.5 g/1 or contained between 0.5

and 1 g/1.
S.E.M. study:

Specimens were mounted on aluminium stubs and
vacuum-coated with gold by ion sputter with a JEOL
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the specimens were cleaned up
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immersed, for 5 minutes, in a solution of bovine serum albumin
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the specimens were washed carefully, air dried
Etched for 1 min. with 50 % phosphoric acid
washed and air dried

S.E.M. preparation and examination

Fig. 2: Adsorption of serum albumin on the enamel surface
prior etching. Group specimens 9.

Fig. 2: Groupe 9. Adsorption de la serum albumine a la surface de
l’émail, avant la phase de mordangage.

Mechanical abrasion of the enamel surfaces of

16 permanent human teeth with a fine diamond bur
the specimens were cleaned up

specimens were immersed, for 1 min. in a 50 % phosphoric acid
solution that contained 0.5 g/l bovine serum albumin

the specimens were washed carefully, air dried

'

prepared for S.E.M. examination

Fig. 3: Addition of serum albumin to the etching agent. Group
specimens 10.

Fig. 3: Groupe 10. Pour cette série d’échantillons la serum
albumine a été ajoutée a l'agent de mordangage.
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Plate 1.

Fig. 4: Labial surface of a young human premolar. Preliminary
mechanical abrasion was performed with a diamond bur. The
surface was etched for 1 min. with 50% vol. phosphoric acid.
After a conventional water-spray rinsing of 1 min. we obtained
a classical etched surface (etching pattern 2 in Silverstone
classification). We can see, at the enamel surface, numerous
microscopic crystals.

Magnification: x 2600.

Planche n° 1:

Fig. 4: Surface vestibulaire d’une prémolaire jeune. L’abrasion
mécanique préalable a été effectuée avec une pointe diamantée. Le
mordangage avec un acide phosphorique titré 4 50% en volume a
été pratiqué pendant 1 minute. Un ringage classique avec un spray
air-eas d’une durée de 1 minute a été effectué. Le mordangage est de
type 2 (selon la classification établie par Silverstone). Nous pouvons
noter, a la surface de I’émail, la présence de trés nombreux cristaux
microscopiques.

Agrandissement: x 2600.

Fig. 6: Labial surface of a lower incisor from an old person.
Mechanical abrasion was performed successively with a
diamond bur and sandpaper discs. 50% vol. phosphoric acid,

1 min., was used for etching. Etching was efficient with an
etching pattern 2. At some places, on the surface, we can see
numerous flake-like crystals. Near the nucleation center we
observed small crystals (small arrow), at the periphery they are
larger forming plate-like crystals (large arrow).

Magnification: x2300.

Fig. 6: Surface vestibulaire d’une incisive inférieure appartenant a
une personne agee. L'abrasion mécanique, avant mordangage, a été
pratiquée successivement avec une pointe diamantée et des disques
abrasifs émerisés. Le mordangage a lacide phosphorique, 50% en
volume, a une durée de 1 minute. On obtient un mordangage de
type 2. On peut voir, en plusieurs endroits, & la surface de I'émail
de grands cristaux plats. Au centre, prés de ce qui apparait étre un
point de nucléation, les cristaux sont plus petits (voir fléche); en
péniphérie les cristaux sont plus grands (fléche plus épaisse).
Agrandissement : x 2300.

Fig. 8: Labial surface of a second lower human temporary
molar. Mechanical abrasion was performed with a diamond
bur. The surface was etched, for 1 min., with 50% vol.
phosphoric acid. On a pattern 1 etched enamel we observed
almost two hundred round calcifications. Crystal units were
nucleated from a central point and formed pompon-like
formations.

Magnification: x700.

Fig. 8: Surface vestibulaire d’une deuxiéme molaire temporaire
inférieure. L’abrasion mécanique a été pratiquée avec une pointe
diamantée. La surface a été mordancée, pendant 1 minute avec une
solution d’acide phosphorique (50% wvol.). La surface présente un
mordangage de type 1. On peut observer un grand nombre (de
lordre de 200) formations cristallines de forme arrondie. Les
cristaux sont regroupés autour d’un point central et forment une
sorte de pompon.

Agrandissement : x700.
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Fig. 5: Labial surface of a young human premolar. Mechanical
and chemical treatments are the same as for the previous
sample. After etching the tooth specimen was soaked for

25 min. in increasing concentrations of acetone. The surface
appears cleaner and cleared of calcium phosphate salts.
Magnification: x2300.

Fig. 5: Surface vestibulaire d’une prémolaire jeune. Les traitements
physique et chimique effectués sont identiques a ceux pratigues pour
Uéchantillon précédent. Aprés mordangage, l'échantillon a été
immergé, pendant 25 minutes dans des bains d’acétone de
concentrations croissantes. La surface apparait plus propre, comme
débarrasséée de tout dépot cristallin.

Agrandissement: x 2300.

Fig. 7: Labial surface of a permanent human upper canine.
Mechanical pretreatment was performed successively with a
diamond bur and a non-fluoridated prophylaxis paste on a
rotating rubber cup. Large petal like crystals are nucleated from
a central point.

Magnification: x780.

Fig. 7: Surface vestibulaire d’une canine permanente supérieure.
L’abrasion mécanique a €té pratiquée successivement avec une
pointe diamantée et une pate abrasive non fluorée appliquée avec
une cupule de caoutchouc. On observe de grands crystaux plats, en
forme de petales, rayonnant autour d’un centre de nucléation.
Agrandissement: x 780.

Fig. 9: Labial surface of a permanent lower incisor from a
middle-aged person. Mechanical abrasion was performed
successively with a diamond bur, paper discs and a fluoridated
prophylaxis paste. The surface was etched, for 1 min. with 50%
phosphoric acid. We can see, on the enamel and also on the
neighbouring dentin some crystal formations. Here, crystal
units showed a rectangular central hole.

Magnification: x 1700.

Fig. 9: Surface vestibulaire d’une incisive permanente inférieure
ayant appartenu a une personne d'age moyen. L’abrasion
meécanique a €té pratiquée successivement avec une pointe
diamantee, des disques émerisés et une pate fluorée utilisée en
prophylaxie. Le mordancage d’'une durée de 1 minute a été effectué
avec de l’acide phosphorique (50% vol.). On observe, sur I'’émail et
aussi sur la dentine avoisinante quelgques formations cristallines.
Ces cristaux, de forme rectangulaire, présentent une cavité centrale.
Agrandissement: x 1700.
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Plate 2:

Fig. 10: Labial surface of a permanent uper central human
incisor. Mechanical abrasion was performed with a diamond
bur. Bovine serum albumin, 1 g/l, was added to the 50% vol.
phosphoric acid etchant. Etching was efficient but, in some
places, a protein film occlude partly the microporosities.
Magnification: x 2600.

Planche n° 2:

Fig. 10: Surface vestibulaire d’une incisive supérieure permanente.
L’abrasion mécanique a été pratiquée avec une pointe diamantée. A
la solution acide de mordangage (ac. phosphorigue 50% vol.) on a
ajouté une protéine acide: la serum albumine bovine (la
concentration étant de 1g/1). Le mordangage reste efficace
pourtant, en certains points, on observe la formation d’un film
protéique qui vient obstruer en partie les microrétentions.
Agrandissement: x 2600.

Fig. 12: Vestibular surface of a first upper permanent human
molar. Mechanical pretreatment was performed with a diamond
bur. Prior to etching the sample was immersed in a 1 g/]
solution of bovine serum albumin in distilled water, for 5 min.
Then etching was performed, for 1 min. with 50% vol.
phosphoric acid. On a large part of the surface sample,
appeared numerous needle-shaped or small flaky crystals which
occlude partly the microporosities.

Magnification: x 3900.

Fig. 12: Surface vestibulaire d’une premiére molaire permanente
supérieure humaine. L'abrasion mécanique a été effectuée avec une
pointe diamantée. Avant mordangage échantillon a été immergé
dans une solution (dans l'eau distillée) de serum albumine bovine
(concentration 1g/1), ceci pendant 5 minutes. Le mordangage a
ensuite ét¢ pratiqué pendant 1 minute avec une solution d’acide
phosphorigue 50% wol. Sur une grande partie de ’échantillon on
observe des formations cristallines en forme d’aiguilles et quelques
petits cristaux plats, en forme de pétales. Tous ces cristaux obstruent
partiellement les microrétentions obtenues par mordangage.
Agrandissement: x 3900.

Fig. 14: On the same tooth, we observed other petal-like
formations. Here, from a morphological standpoint all the
crystals appear to be identical. Their size only vary.
Magnification: x 1300.

Fig. 14: Sur la méme dent, on observe d’autres formations en forme
de pétale. Tous les cristaux présentent des formes identiques, seules
les dimensions varient.

Agrandissement: x 1300.
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Fig. 11: On the same tooth, in other places, on the surface, the
microporosities are completely occluded by the protein
precipitate.

Magnification: x 2600.

Fig. 11: Sur la méme dent, sur d’autres portions de la surface de
[’émail les microcavités créées par mordangage sont complétement
obstruées par le film protéique.

Agrandissement: x2600.

Fig. 13: Vestibular surface of a permanent upper human
incisor. Mechanical abrasion was performed with a diamond
bur. Bovine serum albumin, BSA, 0.5 g/l was added to the
50% vol. phosphoric acid etchant. On this sample many petal-
like formations were observed. In the center there were many
small flaky crystals. Large petal-like crystals formed either from
the center (small arrow) or at the periphery (large arrow).
Magnification: x 1950.

Fig. 13: Surface vestibulaire d’une incisive superieure permanente
humaine. Abrasion mécanique effectuée avec une pointe diamantée.
Cette fois la serum albumine bovine a été ajoutée a la solution de
mordangage, ceci pour une concentration de 0,5 g/l. Sur cet
échantillon on peut observer de nombreux cristaux en forme de
pétale. Au centre les cristaux sont plus petits. Certains grands
cristaux plats partent eux-aussi de ce centre de nucléation (petite
fléche) d’autres sont disposés plus en périphérie (fléche plus large).
Agrandissement: x 1950.

Fig. 15: Details of large plate-like crystal formations.
Magnification: x7800.

Fig. 15: Figure présentant, plus en détail, ces cristaux plats en forme
de pétales.

Agrandissement: x 7800.
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Fig. 16: X-rays diffraction diagram for the cristals presented Fig. 9.
Fig. 16: Diagramme de diffraction aux rayons X obtenu pour les cristaux présentés Fig. 9.

Table I

Microprobe analysis of 3 crystals. Number of imulses for
100 seconds.

Tableau I

Analyse en microsonde sur 3 cristaux. Nombre de coups émis pendant une
durée de 100 secondes.

crystal 1 crystal 2 crystal 3 mean
peaks P 48.080 47.910 50.494 48.828
peaks Ca 16.730 15.947 17.248 16.642

These measurements compared to the number of
impulses transmitted by hydroxyapatite (OHAp)
allow to think, after correlation between the formula
of OHAp and the number of impulses, that the
crystals studied were probably dehydrogen phos-
phate monohydrate Ca(H,PO,),. H,O.

DISCUSSION

It was surprising to note that only four papers have
revealed crystal formation on the enamel surface
after etching: Beech and Jalaly (1980); Diedrich
(1981); Gwinnett and Smith (1982); Duprez et al.
(1985) but without giving the proportion of crystal
formations.

Generally crystal deposits are considered as a
consequence of improper cleaning following the etch
process (Soetopo et al., 1978; Hormati et al., 1980;
Gwinnett and Smith, 1982; Silverstone et al., 1985).
Beech and Jalaly (1980) observed such deposits after
rinsing with a small amount of water (0.2 ml) but, in
their experiments crystal precipitates disappear when
the amount of water is 0.5 ml. Diedrich (1981) found
that 2 seconds water-spraying was efficient: «three
out of five teeth were not completely clean, whereas
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