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ABSTRACT

Objectives: The purpose of this study was to use quantitative x-ray microprobe analysis with scanning electron microscopy to
define the morphostructural and calcification patterns in the enamel of teeth with the hypomineralized variant of amelogenesis
imperfecta.

Study design: We compared 5 fragments of permanent human canines from patients with clinically diagnosed hypomineralized
amelogenesis imperfecta and 5 normal permanent canines from subjects without amelogenesis imperfecta. All specimens were
etched with phosphoric acid for morphological and microanalytical examination.

Results: Two types of etching patterns were found; in addition, islets of pattern I were seen within areas of pattern II. Microa-
nalysis detected no significant differences in calcium concentration between specimens with amelogenesis imperfecta and
normal control specimens after acid etching. Pattern III was not observed.

Conclusions: The changes and their distribution in the enamel structure after 30 s of acid etching are described in teeth with
this rare disorder. Although these data seem to coincide with alterations in prism development, no alterations in calcium con-
centration were found.

Key words: Acid-etching, microanalysis, quantitative method, scanning electron microscopy.

RESUMEN

Objetivos: El objetivo del presente trabajo consisti6 en definir los patrones morfolégicos y de calcificacion en el esmalte de
dientes afectados con amelogénesis imperfecta hipomineralizada, tras la aplicacion del grabado 4cido, mediante la utilizacién
de la microscopia electrénica analitica cuantitativa.

Diseiio del estudio: Se estudian 5 fragmentos de caninos humanos permanentes de pacientes con amelogénesis imperfecta
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hipomineralizada y 5 caninos controles. Todas las muestras fueron tratadas con acido fosférico y posteriormente procesadas

para su estudio morfolégico y microanalitico.

Resultados: Se observan dos tipos de patrones de grabados, I y II, asi como areas o islotes de patrén I insertados en extensas
areas homogéneas en las que predomina el patrén II. No se aprecian diferencias significativas en la concentracién de calcio
entre las muestras con amelogénesis imperfecta hipomineralizada y control después del grabado acido tras el estudio microa-

nalitico cuantitativo. El patrén tipo III no fue observado.

Conclusiones: Se describen los cambios y distribucion en la estructura del esmalte después del grabado 4cido durante 30
segundos en dientes con amelogénesis imperfecta hipomineralizada. Aunque los datos obtenidos coinciden con alteraciones
en el desarrollo de los prismas, no se detectan alteraciones en la concentracion de calcio.

Palabras clave: Amelogénesis imperfecta, patrones prismdticos, microscopia electronica de barrido, microscopia electronica

analitica cuantitativa.

INTRODUCTION

Acid etching is important in odontology because it can serve as
a model for the acid destruction caused by caries (1) and help
in the taxonomic and evolutionary classification of mammals
on the basis of structural differences in enamel (2). In addition,
this technique is important in odontologic treatment because it
facilitates the bonding of restorative materials to excavations
and fissures it creates (3). Amelogenesis imperfecta is a term
that identifies a group of hereditary alterations that affect the
formation of the enamel extracellular matrix (4) by altering
prism formation (5). Although odontological treatment for
amelogenesis imperfecta varies depending on the patient’s
clinical status and the extent of the process itself, there are
indications that acid etching can be used as a preliminary step
in restorative treatment (6, 7).

The recent application of new electron microscopy quantitative
analysis techniques to study mineralized tissues, allows us to
establish a very closed relationship between the morphological
and chemical patterns in those tissues (8-10). The application
of analytical electron microscopy to odontology is an important
advance to define the normal and pathological patterns of the
mineralized dental tissues and the response of these structures
to dental therapy (11, 12).

This study was designed to use quantitative x-ray microprobe
analysis with scanning electron microscopy to characterize the
structural and calcification patterns in the hypomineralized va-
riant of amelogenesis imperfecta. The findings make it possible
to analyze the effects of this technique on enamel prisms, and
suggest how these effects might influence restorative treatments
that use acid etching as a preliminary conditioning step.

MATERIAL AND METHOD

The material consisted of fragments of 5 permanent human
canines from the coronal part of permanent teeth obtained in
the course of preparation for crown replacement from patients
with autosomal dominant clinically and genetically diagnosed
hypomineralized amelogenesis imperfecta. All patients were
members of the same family (13). As the control material
we used 5 coronal fragments from normal included canines
surgically extracted.

The tooth fragments were plunge-frozen in liquid nitrogen. The
samples were transferred to Polaron E 5350 the freeze-drying
apparatus and dried at —80°C for 24 h. The amelogenesis im-
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perfecta fragments were subjected to acid etching with 35%
phosphoric acid for 30 seconds, then washed in double-distilled
water and air-dried for 1 h. Each fragment was mounted on an
SEM stub and coated with carbon for microanalysis, and later
with gold for morphological study with a Philips XLL.30 SEM
and an EDAX DX-4 detector (14, 15)

Specimens prepared as described above were studied in a Phi-
Ilips XL- 30 scanning electron microscope (SEM) (operating
voltage = 15 kV; spot size = 500 nm; tilt angle = 35°; take-off
angle = 61.34°). An energy dispersive spectrometer (EDAX
DX-4) was used for quantitative analyses (count rate = 1200
cps; live time = 50 s). Spectra were collected by pin-point
electron beam at x 40 000, and ten analyses were run with each
specimen, so that all 50 separate analyses were done in both
amelogenesis imperfecta and control teeth.

The peak-to-background (P/B) ratio method (16, 17) was used
to measure the concentration of calcium. Microscrystalline
salt standards were used to quantify calcium (10, 15, 18, 19).
Microscrystalline salts standards were methodologically
treated in similar way to control and amelogenesis imperfecta
specimens (20, 21). For statistical analyses we use the Student”s
t test.

RESULTS

Two types of etched patterns were seen in fragments of teeth
with amelogenesis imperfecta. The type I pattern was characte-
rized by deep central excavations and prominent margins (Fig.
1). The type II pattern showed a variable central protrusion
and a notable degree of peripheral dissolution. The type II
pattern was more widespread in the enamel structure than type
I (Fig. 2). In areas where type I prisms were predominant, the
size and appearance of the prisms were more variable than in
type II. Acid etching also revealed prisms of variable size and
appearance in the Retzius stria, but not in the areas between
the Retzius lines, which were much more homogeneous in
appearance. However, the effect of acid etching appeared to be
similar in all prisms regardless of whether they were located
within the Retzius stria or in the surrounding areas.

One of the most characteristic findings in specimens from
amelogenesis imperfecta teeth was that acid etching revealed
small areas (“islets”) of type I alterations within large areas
characterized mainly by the type II pattern (Fig. 3). The type I
islets appeared to arise from mounds of amorphous material.
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Percent weight fractions and mean weight fractions of cal-
cium in the acid-etched enamel were 22.90 + 2.52 in the type
I pattern, 22.64 + 1.95 in the type I pattern islets, and 21.95
+ 2.25 in the type II pattern of amelogenesis imperfecta sam-
ples. The values after acid etching in control specimens were
22.50 £ 2.41 in the type I pattern, and 21.61+ 2.25 in the type
IT pattern. There were no statistically significant differences
between amelogenesis imperfecta and normal teeth in calcium
concentrations after acid etching.

Fig. 1. The type I pattern in acid etched teeth with hypomineralized ameloge-
nesis imperfecta was characterized by a deep central excavation and prominent
margins. Bar, 20 um.
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Fig. 2. The type II pattern, showing a variable central protrusion and a notable
degree of peripheral dissolution. The Retzius stria is clearly visible in the center

of the image. Bar, 20 um.
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Fig. 3. Small areas (“islets”) of type I alterations within larger areas charac-
terized mainly by the type II pattern. Bar, 50 um.

DISCUSSION

Acid etching and examination with scanning electron mi-
croscopy have revealed, in several species including humans,
three main types of etching patterns (designated I, II and IIT)
as described by Silverstone et al (22). The topographical dis-
tribution of the different patterns in the etched enamel has also
been reported (23). In teeth fragments with clinically diagnosed
hypomineralized amelogenesis imperfecta, we found type I
and type II patterns, but not the type III pattern. This contrasts
with the report by Seow and Amaratunge (7) who found all
three patterns in teeth with amelogenesis imperfecta. In this
connection it is important to note that these authors treated
their specimens with acid for 1 min, a period that surpasses
the maximum therapeutic exposure of 30 s.

Our finding of islets displaying the type I pattern within areas
where the type II pattern predominated (as previously repor-
ted) suggests that alterations had occurred in prism develop-
ment. This notion contrasts with the conclusions of Seow and
Amaratunge (7) and Wright et al (11) who suggested that the
presence of three different patterns in amelogenesis imperfecta
was evidence of normal prism structure. The presence of islets
meant that an alteration in the normal distribution of patterns
established in controls and in previous studies (7-10) was pre-
sent. In such studies our group has previously demonstrated that
enamel prisms use to show parallel and decussated patterns,
these latters being less frequent that the formers, and that in-
dependently from the spacial distribution, some prisms show
filamentous patterns. Microanalytical study with quantitative
electron microscopy of the calcium concentrations showed
that there were no significant differences in the effects of acid
etching between amelogenesis imperfecta and healthy control
teeth. Our observations of the morphology and structure of the
prisms suggest that acid etching has a more marked effect on the
morphostructural features of the tooth enamel in hypominerali-
zed amelogenesis imperfecta than on the mineral concentration
as measured by microanalysis. Our studies with quantitative
electron microscopy in hypomineralized amelogenesis imper-
fecta do not confirm the results obtained by Wright et al (24)
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using qualitative electron microscopy. Our microanalytic results
should be considered in the context of the reviewing that is
currently being held about the mineralization process related
to enamel and dentine in the different clinical modalities of
amelogenesis imperfecta. These results should contribute to the
current reviewing process of the amelogenesis classical clini-
cal classification (19,25). Dentists should be aware that these
effects may influence the outcome of restorative treatments that
involve acid etching as a preliminary conditioning step. The
knowledge of the acid-etching patterns of the different clinical
types of amelogenesis imperfecta could help to prevent the
high incidence of failure in the restorative treatments applied
to these types of teeth (7).
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