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POLÍTICA EDITORIAL

El objetivo de Acta Odontológica
Latinoamericana (AOL) es ofrecer a la
comunidad científica un medio adecuado
para la difusión internacional de los tra
bajos de investigación, realizados prefe
rentemente en Latinoamérica, dentro del
campo odontológico y áreas estrechamen
te relacionadas. Publicará trabajos origi
nales de investigación básica, clínica y
epidemiológica, tanto del campo biológi
co como del área de materiales dentales y
técnicas especiales. La publicación de tra
bajos clínicos será considerada siempre
que tengan contenido original y no sean
meras presentaciones de casos o series. En
principio, no se aceptarán trabajos de revi
sión bibliográfica, si bien los editores
podrán solicitar revisiones de temas de
particular interés. Las Comunicaciones
Breves, dentro del área de interés de AOL,
serán consideradas para su publicación.
Solamente se aceptarán trabajos no publi
cados anteriormente, los cuales no podrán
ser luego publicados en otro medio sin
expreso consen timiento de los editores. 

Dos revisores, seleccionados por la
mesa editorial dentro de especialistas en
cada tema, harán el estudio crítico de los
manuscritos presentados, a fin de lograr el
mejor nivel posible del contenido científi
co de la revista.

Para facilitar la difusión internacional,
se publicarán los trabajos escritos en
inglés, con un resumen en castellano o por
tugués. La revista publicará, dentro de las
limitaciones presupuestarias, toda infor
mación considerada de interés que se le
haga llegar relativa a actividades conexas
a la investigación odontológica del área
latinoamericana.

EDITORIAL POLICY

Although Acta Odontológica Lati 
noamericana (AOL) will accept original
papers from around the world, the princi
pal aim of this journal is to be an instrument
of communication for and among Latin
American investigators in the field of den
tal research and closely related areas.

AOL will be devoted to original articles
dealing with basic, clinic and epidemio
logical research in biological areas or those
connected with dental materials and/or
special techniques.

Clinical papers will be published as
long as their content is original and not
restricted to the presentation of single
cases or series.

Bibliographic reviews on subjects of
special interest will only be published by
special request of the journal.

Short communications which fall with
in the scope of the journal may also be
submitted. Submission of a paper to the
journal will be taken to imply that it pres
ents original unpublished work, not under
consideration for publication elsewhere.

By submitting a manuscript the authors
agree that the copyright for their article is
transferred to the publisher if and when
the article is accepted for publication. To
achieve the highest possible standard in
scientific content, all articles will be ref
ereed by two specialists appointed by the
Editorial Board. To favour international
diffusion of the journal, articles will be
published in English with an abstract in
Spanish or Portuguese.

The journal will publish, within budget
limitations, any data of interest in fields
connected with basic or clinical odonto
logical research in the Latin America area.

Este número se terminó de editar el mes de Diciembre de 2017
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It is with great sadness that we inform you that Prof. Dr. Rómulo L. Cabrini passed away peacefully on November 5,
2017. Dr. Cabrini founded this journal, Acta Odontologica Latinoamericana (AOL), in 1987, when communications
between scientists were far more limited than they are in today´s globalized world. Dr. Cabrini was AOL´s director
until 2016. He was encouraged by other professors from the Faculty of Dentistry of the University of Buenos Aires
who, like him, were deeply committed to the promotion of dental research in Argentina and Latin America and the
dissemination of research findings far beyond regional boundaries. Its editorial policy was based on publication in
the English language, a pioneering view for Argentine scientific journals in those days that was not understood or
accepted at the time. Cabrini was also determined to implement a peer review process that would guarantee an
acceptable degree of scientific originality and quality, while preserving a constructive approach to improve the
quality of the work. He achieved indexation of AOL in PubMed right from its first volume.

By 2008, AOL had achieved a selfsustaining financial status and consolidated continuity. At that time Cabrini
offered the Argentine Society of Dental Research (SAIO), Argentine Division of the International Association for
Dental Research (IADR), the possibility of incorporating AOL as an official organ of communication. Following the
publication of volume 28 (2014), Cabrini ceased to perform an administrative role for AOL and was appointed
Honorary Editor. He continued to contribute to AOL as a consultant and peer reviewer until only a few months ago.

Although Cabrini was a physician, since he was very young he began publishing scientific research studies in the
area of Dentistry. His first studies were devoted to the study of the dental pulp. He then moved on to the study of bone
pathology, his area of greatest expertise. He applied this knowledge to research in periodontal pathology, diseases of
the jaws and histocompatibility of implant materials. He was always interested in the development of new
experimental models, which are still used today, and in the application of new technologies. He published about 300
original research papers.

Cabrini was Full Professor of the Department of Oral Pathology at the Faculty of Dentistry of the University of
Buenos Aires (UBA), Research Manager of the National Atomic Energy Commission of Argentina (CNEA) and
President of the National Academy of Medicine. After his retirement he continued working as Emeritus Professor 
of UBA and Emeritus Researcher of CNEA. He was distinguished by the appointments as member of the Masters of
Medicine, member of the Masters of UBA and member of the Masters of Dentistry. In 1993 he received the Konex
Award for his merits as a researcher.

Cabrini also excelled in the formation of human resources. He directed 15 Doctoral Theses of the University of
Buenos Aires and other universities, he supervised numerous fellows of different Universities and CONICET and was
mentor to numerous teaching and research disciples. He also formed pathologists in the area of   dentomaxillary
pathology in Argentina and other countries of Latin America. In 1960 he created the Laboratory of Surgical Pathology
within the Department of Oral Pathology, currently a reference institution for the diagnosis of biopsies. In 1984 he
created the Career of Specialists in Oral and Maxillofacial Pathology of UBA.

Rómulo Luis Cabrini was a great teacher and promoter of research. His disciples and those related to the field of
dental research will always remember him as such. 

IN MEMORIAM

Prof. Dr. Rómulo Luis Cabrini 
(1927 2017)
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Con profundo pesar comunicamos que el 5 de noviembre pasado ha fallecido el Prof. Dr. Rómulo Luis Cabrini quien
fuera fundador de esta revista y su director hasta 2016. El Dr. Cabrini fundó Acta Odontológica Latinoamericana
(AOL) en 1987, cuando las comunicaciones entre científicos estaban muy lejos de los niveles de globalización ahora
alcanzados. Lo hizo alentado por otros profesores de la Facultad de Odontología de la Universidad de Buenos Aires
que estaban como él, comprometidos con la promoción de la investigación odontológica en Argentina y en
Latinoamérica y en la difusión de sus resultados más allá de los límites regionales. Su política editorial se basó en la
publicación en idioma inglés, hecho pionero entre las revistas científicas argentinas y no bien comprendido y aceptado
en ese entonces. Otra firme idea de Cabrini fue la de asegurar una revisión por pares que asegurara un aceptable
grado de originalidad científica, pero manteniendo una actitud constructiva en cuanto al asesoramiento para mejorar
la calidad de los trabajos. Logró su indización en PubMed desde su primer volumen. 

En 2008, ya con un estado financiero autosustentable y una continuidad consolidada, Cabrini ofreció a la Sociedad
Argentina de Investigación Odontológica (SAIO), División Argentina de la International Association for Dental
Research (IADR) su incorporación como órgano oficial. 

Después de la edición del volumen 28 (2014) Cabrini dejó las actividades administrativas de AOL y fue designado
Editor Honorario. Siguió contribuyendo hasta hace pocos meses como consultor y revisor de trabajos. 

Si bien Cabrini era médico, desde muy joven había publicado trabajos de investigación en el área odontológica,
siendo los primeros dedicados al estudio de la pulpa dentaria, para luego dedicarse a su mayor área de experticia, la
patología ósea. Aplicó estos conocimientos a investigaciones dentro de la patología periodontal, enfermedades de los
maxilares e histocompatibilidad de materiales de implantes. Siempre se interesó por el desarrollo de nuevos modelos
experimentales, que aun hoy se siguen usando, y por la aplicación de nuevas tecnologías. Publicó cerca de 300
trabajos de investigación original. 

Cabrini fue Profesor Titular de la Cátedra de Anatomía Patológica de la Facultad de Odontología de la Universidad
de Buenos Aires (UBA), Gerente de Investigaciones de la Comisión Nacional de Energía Atómica Argentina.(CNEA)
y Presidente de la Academia Nacional de Medicina. Después de su jubilacíón, continuó trabajando como Profesor
Emérito de la UBA e Investigador Emérito de la CNEA. Fue distinguido entre los Maestros de la Medicina, Maestros
de la UBA y Maestros de la Odontología. En 1993 recibió el Premio Konex por su méritos como investigador. 

Cabrini fue además un gran formador de recursos humanos. Dirigió 15 Tesis de Doctorado de la Universidad de
Buenos Aires y otras universidades, becarios de la Universidad y del CONICET y formó numerosos colaboradores
en la docencia y la investigación También formó anátomo patólogos en el área de la patología dentomaxilar de la
Argentina y otros países de América Latina. En 1960 creó el Laboratorio de Patología Quirúrgica en el ámbito de 
la Cátedra de Anatómia Patológica, actualmente una institución de referencia en el diagnostico de biopsias y en 1984
creó la Carrera de Especialistas en Anatomia Patologica bucomaxilofacial de la UBA. 

Rómulo Luis Cabrini fue un gran maestro y promotor de la investigación. Sus discípulos y los allegados al ámbito de
la investigación odontológica lo recordaremos siempre como tal.
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Evaluación in vitro de la resistencia adhesiva 
de cuatro cementos de autograbado

In-vitro evaluation of bond strength 
of four self-etching cements

Julio Chávez-Lozada, Carmen Urquía-Morales

Universidad Nacional de Córdoba, Facultad de Odontología, 
Cátedra de Operatoria I, Córdoba, Argentina
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ABSTRACT
Indirect restorations need to be attached with adhesive luting
agents to prevent them from becoming dislodged and provide
adequate marginal sealing. The aim of this study was to evaluate
bond strength to dentin of selfetching resin cements. Materials
and methods: 75 flat dentin surfaces were randomly distributed
among 5 groups, according to cements used; Group 1:
RelyxU100 (3M/ESPE), Group 2: Bis Cem (Bisco), Group 3:
Max Cem (Kerr), Group 4: SeT PP (SDI) and Group 5: Relyx
ARC (3M/ESPE), control. Ceramic test cylinders (IPS Empress
2 / IvoclarVivadent) 4.1 mm across were prepared and attached
to the dentin surfaces using the different cements. A constant 25N
load was applied for 1 minute and they were lightpolymerized.
Following storage for 24 hours at 100% humidity and 37 °C, the
specimens were tested for bond strength under shear strain in an

Instron testing machine at a crosshead speed of 1 mm/minute; at
7, 14 and 21 days. Data were analyzed by ANOVA and Tukey’s
test. There were significant differences between materials (p <
0.0001), but not between times or material/time interaction.
RelyX ARC (Control Group) had the highest bond strength (15.52
MPa). Among the selfetching cements, the best behavior was
found for Relyx U100 (10.80MPa), followed by BisCem (6.36
MPa), MaxCem (5.45 MPa) and SeTPP (3.17 MPa). The bond
strength of the selfadhesive cements evaluated was lower than
that for resin cements which require previous treatment of the
dental substrate (control group). This should be taken into
account during clinical selection, in particular for tooth
preparations with poor retention.

Key words: Dental cements. Resin cements. Dental bonding.

RESUMEN
Las restauraciones indirectas deben ser fijadas por medio de
agentes cementantes, para evitar su desprendimiento y mantener
un adecuado sellado marginal. El objetivo de este trabajo fue
evaluar la resistencia adhesiva a dentina de los cementos
resinosos de autograbado. Materiales y métodos: Se utilizaron 75
superficies planas de dentina, distribuidos aleatoriamente en 5
grupos, según los medios cementantes; GRUPO 1: RelyxU100
(3M/ESPE), GRUPO 2: Bis Cem (Bisco), GRUPO 3: Max Cem
(Kerr), GRUPO 4: SeT PP (SDI) y GRUPO 5: Relyx ARC
(3M/ESPE), control. Se confeccionaros probetas cilíndricas de
cerámica (IPS Empress 2 / IvoclarVivadent) de 4,1 mm de
diámetro, las que fueron fijadas a las superficies de dentina
mediante los distintos cementos. Se aplicó una carga constante de
25N durante 1 minuto y se realizó la fotopolimerización. Después
de 24 horas de almacenamiento en un medio con 100 % de
humedad a 37° C, las probetas fueron sometidas a ensayo de

resistencia adhesiva bajo tensiones de corte en máquina Instron,
con una velocidad del cabezal de 1 mm/minuto; a los 7, 14 y 21
días. Los datos fueron analizados mediante ANOVA y test de
Tukey, mostrando diferencias significativas entre los materiales (p
< 0,0001), no así respecto al factor tiempo ni a su interacción. El
mayor valor de resistencia adhesiva lo presentó RelyX ARC
(Grupo control) (15,52MPa), De los cementos autograbantes, el
mejor compor ta miento se obtuvo en Relyx U100 (10,80MPa),
seguido por BisCem (6,36MPa), MaxCem (5,45MPa) y SeTPP
(3,17MPa): Los cementos autoadhesivos evaluados presentaron
menor resistencia adhesiva que los cementos resinosos que
requieren tratamiento previo del sustrato dentario (grupo control).
Esto debería ser considerado cuando se realiza su selección
clínica, sobre todo en preparaciones dentarias poco retentivas.

Palabras clave: cementos dentales, cementos resinosos,
adhesivo dental.

INTRODUCTION 
When teeth lose their structural, functional and/or
aesthetic integrity, they may be restored by inserting
plastic or rigid materials. When much of the dental
structure is lost, the use of plastic materials has
wellknown limitations, and partial or total rigid
crown restorations (metal or aesthetic) are indi 
cated. Rigid restorations must be bonded to the
dental structures by luting agents to prevent them

from becoming detached and provide adequate
marginal sealing, ensuring their permanence in the
oral cavity1. 
Despite the advantages of rigid restorations
(resistance to abrasion, resistance to fractures,
polymerization control, adequate contour anatomy
and contact relationship2), bonding them to the
tooth structure is still a challenge because this type
of restoration doubles the adhesive interfaces: one
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interface at the tooth surface and the other at the
surface of the restoration.
Society’s aesthetic demand has motivated dental
product manufacturers to develop metalfree
restorative materials such as porcelain or compound
resin onlays, veneers and crowns3. The possibility
of restoring to each tooth not only form and function
but also visual harmony between the restoration 
and the remaining tooth, in addition to the
characteristics of its integration, make aesthetic
onlays a valid alternative to plastic or cast metal
restorations when there is significant destruction of
tooth tissues, exceeding one third of intercuspal
distance4. The preparations made for these resto 
rations are more conservative, and regarding the
bonding materials, the basic aim is to increase bond
strength to the different substrates, i.e. it involves
not only selecting a material with good bonding
properties, but also proper preparation of the
substrates to be bonded5.
Bonding rigid restorations requires different mecha 
nisms to ensure retention, such as the creation of
opposing surfaces that can make close contact in
order to achieve friction. This contact needs to be
improved by interposing a liquid which in turn can
be hardened by means of a chemical or physical
mechanism – the luting agent6.
The retention of restorations increases when 
there are more opposing surfaces, closer contact
between parts and better performance of the cement
regarding its mechanical properties and potential to
achieve bonding (understanding bonding as micro
mechanical and/or chemical bonds between the
liquid and the parts placed in contact)7. Proper
selection and use of luting agent are extremely

important, as many of the advantages of this type
of material will be lost if an inadequate bonding
system is used8.
Resin cements on their own are not adhesive – they
need to be supplemented with treatments of both 
the tooth surface and the restoration surface1. 
Dental tissues need to be acidconditioned before
placing an adhesive system which will bond micro
mechanically to the tooth and chemically to 
the luting agent2,9. This acid conditioning may be
achieved independently with 37% phosphoric acid10

or by using sixth or seventhgeneration selfetch
adhesive systems which contain acidic monomers.
The nondental surfaces also need to be conditioned
for luting in order to create microretentions to favor
micromechanical bonding to the luting agents2,8. 
Adhesive selfetch resin cements that do not require
treatment of the tooth structure were introduced on the
dental market a few years ago8,9,11. They include
monomers with phosphoric acid groups (phospho 
rylated methacrylates) that demineralize dental tissue
and enable bonding, thereby simplifying the technique
and saving time in the adhesive procedure2,12.
Progress in the field of research, technological
development and the advent of a wide range of self
etch adhesive cements motivated the current study,
of which the aim is to ascertain whether selfetch
adhesive cements provide one of the desirable
properties for luting agents. Thus, the objective of
the present work was to study in vitro the behavior
of four selfetch adhesive cements regarding
adhesion to the dentin structure and to compare
them to a resin cement with classical bonding. 

MATERIALS AND METHODS
This study evaluated the bond strength behavior of
four selfetch resin cements compared to a conven 
tional resin cement (described as conventional
because it requires prior adhesive protocol including
acid conditioning of tooth tissues before application).
Seventyfive experimental specimens consisting of
a ceramic test cylinder cemented to a dentin surface
were prepared. Fifteen specimens were randomly
assigned to each of the following groups: Group 1:
RelyX U100 (3M Espe), Group 2: BisCem (Bisco),
Group 3: MaxCem (Kerr), Group 4: seT PP (SDI),
Group 5: RelyX ARC (3M Espe). The first four
groups are selfetch resin cements, while Group 5
represents conventional cement and is the control
group (Table 1).

102 Julio Chávez-Lozada, et al.
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Table 1: Experimental materials, manufacturer and 
batch.

Group Experimental Manufacturer Batch 
Material

1 RELYX U100 3M ESPE. DENTAL 424360
PRODUCTS. USA

2 BISCEM BISCO INC. USA 1100002087

3 MAXCEM KERR 
CORPORATION. 

USA 3498965

4 SET PP SDI. AUSTRALIA S0905891

5 RELYX ARC 3M ESPE DENTAL 
PRODUCTS. USA N166655
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The experimental specimens were prepared from
75 recently extracted noncarious human teeth
(obtained from the Department of Surgery 2, School
of Dentistry, Córdoba National University, with
prior informed consent from patients). The teeth
were stored in distilled water at 37 ºC until they
were processed experimentally. 
The occlusal surfaces of third molars were cut
horizontally with a lowspeed saw (Isomet Low
Speed Saw. Buehler. USA. Department of Dental
Biology, School of Dentistry, Córdoba National
University), with teeth mounted on an ad hoc
positioning device (Fig.1). The cut surfaces were
polished using rotating discs of decreasing grain
size under constant water cooling (metallographic
polisher; A.B.O,) until flat, polished surfaces were
obtained approximately 2 mm beyond the dentin
enamel junction. Once the surfaces were polished,

the teeth were mounted in plastic shapers
containing selfcuring acrylic resin (Fig. 2) so that
they could be attached to an ad hoc device for bond
strength testing (Fig. 3).
The dentin surfaces in Groups 1 to 4, representing
selfetch cements, received no prior treatment, 
but were simply washed with pressurized water 
and dried with cotton swabs, preserving dentin
humidity. The dentin surfaces in Group 5 (control)
were conditioned with 35% phosphoric acid gel
(Scotch Bond Etchant, 3M Co.) for 15 seconds,
washed with pressurized water for 15 seconds and
dried for 5 seconds, after which the adhesive system
(Single Bond 2, 3M Co) was applied, following the
manufacturer’s instructions. 
Ceramic test cylinders (IPS Empress 2, Ivoclar
Vivadent) 4.1 millimeters in diameter were prepared
(Eduardo Ruderman Dental Prosthetics Laboratory)
(Fig. 4), to bond to the dentin surfaces using the
different cements. The ceramic surfaces to be
bonded were treated following manufacturer’s
instructions: etching with 10% hydrofluoric gel for
1 minute and silanization for 5 minutes, to complete
evaporation (Monobond S, Vivadent.). 

Bond strength of self-etching cements 103
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Fig. 1: Cross section of specimens.

Fig. 2: Specimens embedded in acrylic resin to be mounted on
the universal testing machine.

Fig. 3: Device for mounting on the universal testing machine.
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Then the test cylinders were attached to the dentin
surfaces using the different experimental self
etch resin cements (Groups 1 to 4) or the dual
conventional cement (Group 5, control), strictly
following the instructions of their respective
manufacturers. The cement for each experimental
group was placed on both the dentin surface and the
ceramic surface. The dentin substrate was covered
with an adhesive paper with a perforation of the
same diameter as the ceramic test cylinders in order
to limit the adhesion area (Fig. 5) and a constant 25N
load was applied using a device for standardizing
loads (Fig. 6). Any excess material was removed
using a microbrush, and specimens were lightcured
with a 540 mW/cm2 halogen lamp (XL3000, 3M

ESPE. USA) for 30 seconds each on vestibular and
lingual aspects.
Once the ceramic test cylinders were attached, each
specimen was stored in distilled water and kept at a
constant temperature of 37 ºC until it was tested
(Fig. 7). Specimens were tested mechanically under
shear strain using a device specifically created 
for such purpose, mounted on a universal testing
machine (Instron Corporation; Department of
Dental Materials, School of Dentistry, Buenos Aires
University), at 1mm/min crosshead speed. 
In order to ascertain whether bond strength changed
over time, the 15 specimens in each group were
randomly assigned to subgroups of 5 specimens
each to be tested at 7, 14 and 21 days. 
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Fig. 4: Ceramic test cylinders made from IPS Empress 
2 (Ivoclar Vivadent). (Ruderman Dental Prosthetics Labo 
ratory).

Fig. 5: Adhesive paper with a perforation of the same diameter
as the ceramic test cylinders covering tooth surface to limit
the adhesion area.

Fig. 6: Adhoc
standardizing
device for
cementing force,
applying a
constant 25N
load.

Fig. 7: Specimens immersed in distilled water until experimental
processing.
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Shear bond strength (MPa) was calculated from the
relationship between shear load (N) and test
cylinder surface area (mm). Data were recorded and
analysis of variance and multiple comparison tests
were performed to determine statistical significance. 

RESULTS
Table 2 shows the mean values for bond strength in
MegaPascals (MPa), standard deviation and
confidence interval for each experimental material.
RelyX ARC (control group) had the highest shear
bond strength (15.52 MPa). The best behavior
among selfadhesive cements was for RelyX U100
(10.08 MPa), with BisCem in second place (6.36
MPa) and MaxCem in third place (5.45 MPa), while
SeT PP had the lowest bond strength (3.17 MPa).

Analysis of Variance (Table 3) showed no statistically
significant difference (p< 0.0001) among the study
materials. No difference in bond strength was found
regarding time or material/time interaction. 
Tukey’s multiple comparisons test (Table 4) showed
significant differences between materials, except
for MaxCem and BisCem, which did not differ from
each other, though they did differ from the rest.
The adhesive surfaces were analyzed after detachment
of the ceramic test cylinders by observation under
stereomicroscope at x20 magnification. Failure mode
in bonding for all selfetch cements studied was
adhesive, i.e., between cement and dentin.
Fig.8 shows the behavior of the different cements
evaluated from the standpoint of bond strength at
the three study times. 
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Table 2: Means, standard deviation and confidence interval (95%).

Group Material Means S.D. LL (95%) LSD (95%)

1 RelyX U100 10.80 2.37 9.48 12.11

2 BisCem 6.36 1.70 5.42 7.30

3 MaxCem 5.45 1.36 4.69 6.20

4 seT PP 3.17 0.73 2.76 3.57

5 RelyX ARC 15.52 2.70 14.02 17.01

Table 3: Analysis of Variance.

Sources of variation Sums of Squares Degrees of Freedom Mean Squares F p-value

Model 1479.51 14 105.68 28.35 <0.0001

Material 1448.27 4 362.07 97.12 <0.0001

time 7.21 2 3.60 0.97 0.3861

Material *time 24.03 8 3.00 0.81 0.6000

Error 223.67 60 3.73

Total 1703.18 74

Table 4: Multiple Comparisons Test.

Material Means n S.E.

seT PP 3.17 15 0.50 A 

MaxCem 5.45 15 0.50 B

BisCem 6.36 15 0.50 B

RelyX U100 10.80 15 0.50 C

RelyX ARC 15.52 15 0.50 D

Means with the same letter do not differ significantly(p<= 0.05)
Test:Tukey Alpha=0.05 LSD=1.98263
Error: 3.7279 gl: 60

Fig. 8: Shear Bond Strength according to Material and Time.
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DISCUSSION
The main advantage of selfadhesive cements is
their quick and relatively simple application
technique, which is one of the most desirable
characteristics in dental materials because it reduces
clinical steps, thereby saving operational time11.
Conventional resin cements requiring multiple
steps for application involve a complex, sensitive
technique which may affect the bonding efficacy
between the restoration and the tooth13. 
This study found significant differences in bond
strength to dentin among the different experimental
luting agents. Selfadhesive resin cements had
significantly lower bond strength values than
conventional, multistep systems represented by the
control group (RelyX ARC).
The low bond strength recorded for these cements
is probably related to their low capacity for demine 
ra lizing and infiltrating the dentin substrate11.
Despite their low initial pH, their greater viscosity
may explain why a true hybrid layer is not formed
when they are applied to dentin14, since the quality
of the dentincement interface is closely related to
the extent of monomer infiltration into the demine 
ralized dentinal collagen15,16. This was confirmed in
our study by observation under stereomicroscope,
which showed that the bond failure mode was
adhesive, i.e. between the cement and the dentin
surface.
To promote efficient micromechanical bonding to
dentin collagen fibers, these cements should be
capable of conditioning the dental substrate in a
relatively short time, which requires optimal
wetting properties to ensure rapid interaction with
dentin17,18. As a general rule, polymer bonding
depends on the surface energy and wetting capacity
of the adhesive or luting agent to the substrate.
Phosphoric acid etching produces an area with
greater surface energy because it removes the smear
layer and increases surface roughness, providing
greater wettability19,20. This may explain the higher
bonding values of conventional resin cements,
represented in this study by RelyX ARC (control
group). 
Some studies have reported better bonding values
for selfconditioning cements with prior treatment
of dentin with phosphoric acid. They suggest that
the increase in dentin water content after acid
etching21 may help create better ionization of acid
monomers in the luting agents, enabling better

conditioning of the surface and better polymer
bonding2225. Nevertheless, other studies have
reported lower bond strength values when acid
etching is performed prior to applying selfetch
cements2,9. The difficulties in standardizing work
methodologies, such as thickness of the smear layer,
application of weight for cementing or preparation
of test specimens make it impossible to compare the
results reported by different authors. 
The aim of this study was to evaluate four selfetch
cements used according to their manufacturer´s
instructions, which is what dentists will ultimately
do during their work. The results found in this and
other studies suggest that dentists who choose these
systems because they save time and require simple
techniques should take into account their lower
bond strengths to dental tissues, and avoid using
them for preparations which have little or no
retention. The lower bond strength may be partly or
wholly attributed to the selfetch cements’ ability to
interact chemically with the hydroxyapatite in the
dentin, rather than to micromechanical adhesion,
since they only act superficially with dentin2628.
Of the experimental materials evaluated, the lowest
bond strength to dentin was found for MaxCem and
seT PP. According to the manufacturers, the ability
to selfetch is due to the presence of different acidic
monomers in the formula of the cementing agents
such as GPDM un MaxCem, and phosphorylated
ester methacrylates in seT PP, whose acidic
potential and concentration would be insufficient to
promote dentin selfconditioning29, in comparison
to the phosphoric acid esters present in RelyX U
100, which presented higher bond strength. Another
factor to consider is that once these cements
polymerize, pH should change to a more neutral
value. The study published in 2007 by Han17

showed that 48 hours after polymerization, only
RelyX U100 presented a neutral pH value (7),
whereas pH for MaxCem was 3.6. A low pH value
lasting for some time may have deleterious impact
on bonding strength to dentin17,30

Finally, the bond to ceramic was not analyzed in the
current study, but it is worth noting that bonding
effectiveness has been reported by several authors,
5,9,3136 who recommend treatment of ceramic
surfaces by application of hydrofluoric acid and
silane to ensure proper cementceramic adhesion,
regardless of the cement used. In our experience,
this is reflected by the fact that bond failures in all
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cases were between resin cements and dentin, with
no instance of cementceramic failure.
Based on the results of this study and within the
limitations of an in vitro study, the following may
be concluded:
The selfconditioning cements evaluated showed
values for bonding to dentin which are significantly
lower than those for the conventional resin cement
which represented the control group.

When this type of cement is selected, and considering
the low bonding values found in this study, it is
important to consider the characteristics of tooth
preparation and the mechanical requirements of the
restoration in order to prevent potential issues. If
adhesive safety is required in procedures with
preparations with low retention, resin cements with
prior adhesive protocol would be the method of
choice.
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RESUMEN
Con el propósito de estudiar la dispersión de del Herpes
Simplex Virus tipo 1 (HSV1) desde la mucosa oral hasta los
ganglios trigeminales, en el presente trabajo se estableció un
modelo de infección en ratones, haciendo inoculación por
escarificación en la mucosa oral. Tanto ADN viral como
viriones infecciosos se detectaron en los ganglios trigeminales
al dia 3 postinfección (p.i.). Las proteínas virales se detectaron

principalmente al día 7 p.i. cuando los transcritos asociados a
latencia también fueron encontrados. El modelo de infección
simula adecuadamente el proceso de dispersión del HSV1 y
puede ser usado para el estudio de la patogénesis por herpes
después de la infección primaria en la mucosa oral. 

Palabras clave: Virus Herpes Simple, mucosa oral, ganglio
trigeminal, transcripción asociada a latencia 

INTRODUCTION
Herpes simplex virus type 1 (HSV1) is a double
stranded DNA virus that belongs to the family
Herpesviridae, subfamily Alphaherpesvirinae. It
is transmitted by direct contact and mainly infects
the skin and orofacial mucosa. After the first cycle
of replication in epithelial cells, the virus travels
by retrograde axonal transport towards the
sensory neurons located in the trigeminal ganglia
(TG), where HSV1 establishes a latent infection
characte rized by shutdown of most viral proteins
and continuous synthesis of the latencyassocia 
ted transcript (LAT).1 After these events, the virus
can be reactivated when a host is exposed to a
certain stimulus that breaks the immune equili 
brium in the TG, such as stress, fever or UV
radiation. The recently synthesized proteins drive
the assembly of virions, which travel by
anterograde axonal transport, causing recurrent
mucosal infections.2

In vivo studies of HSV1 pathogenesis have mostly
been performed by inoculating murine footpads or
corneas; however, an animal model for studying the
propagation of the virus from the oral epithelia to
the TG has not been reported so far. As the oral
mucosa is the main site of primary infection and
subsequent reactivations, the generation of a mouse
model that mirrors the most common route of
infection with HSV1 and its dissemination towards
the TG would be valuable for studying the
mechanisms of HSV1 pathogenesis. The aim of the
current study was therefore to establish an in vivo
murine model of primary HSV1 infection of the
TG through the oral mucosa. 

MATERIALS AND METHODS
HSV1 in vivo inoculation and TG processing. This
study was approved by the Ethics Committee of the
School of Dentistry at Universidad Nacional de
Colombia, through Resolution 0052008. Fourweek

ABSTRACT
In this work, we established an in vivo murine model of herpes
simplex virus type 1 (HSV1) infection involving inoculation 
by scarification of the oral mucosain order to study its
dissemination towards the trigeminal ganglion (TG). Both viral
DNA and infectious virions were detected on the third day post
infection (p.i.). Viral proteins revealed by immunohistochemistry

were mainly found at seven days p.i., when the latency
associated transcript (LAT) was also detected. This model
simulated the dissemination process of HSV1, which could be
used to study herpes pathogenesis starting in the oral mucosa. 

Key words: Herpes Simplex Virus 1, Mouth Mucosa, Trigeminal
Ganglion, Latency associated transcript.
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old female ICRstrain mice were anesthetized
intraperitoneally with ketamine (90 mg/kg) and
xylazine (15 mg/kg) prior to twospot mucosal
scarification on each side of the medial line of the
vestibular mucosa using a 21G needle. A total 10 μl
of viral suspension (4X105 PFU) was placed on each
lesion for 10 minutes, and mice were allowed to
recover from anesthesia. Two mice were evaluated at
each time point postinfection (p.i.) (3, 5 and 7 days),
and two mice were mock inoculated (culture medium)
(n=8). Mice were euthanized by cervical dislocation,
and the TGs were obtained (two mice, four ganglia).
The first TG was formalin fixed, and the second and
third TGs were used to isolate DNA and RNA,
respectively, while the last TG was mechanically
dissociated in a glass mortar to quantify infectious
virions. This procedure was performed in triplicate
(n=24). The virus was recovered from infected Vero
cells and titrated using a protocol for plaque
formation, as previously described.3

Trigeminal ganglia processing
To detect viral antigens in the formalinfixed TG, 10
μm sections were permeabilized and incubated with
an antiHSV1 rabbit antibody (DAKO, N1562) for
1 hour and then washed. Slides were incubated with
a biotinylated antirabbit IgG and streptavidin
peroxidase. Finally, the infected cells were visualized
with H2O2 0.02% and diaminobenzidine 0.1%. A
PCR was performed on the DNA isolated from the

second TG, to detect viral DNA by amplifying a
fragment of the viral polyme rase gene using the
primers 5’CTG CCG GAC ACC CAG GGG CG3’
and 5’CCC GCC CTC CTC GCG TTC GT3’, as
reported previously.4 RTPCR was conducted on the
RNA isolated from the third TG, to amplify the LAT
mRNA using the primers 5’CAC CAG CGG GTC
TTT AGT GT3’ and 5’CGA GAT CCA TCC AAC
ACA GA3’. The housekeeping gene βactin was
used as control for PCR and RTPCR using the
primers BM1 5’ ATC CTC TTC CTC CCT GGA
GA and BM2 5’ TGC CTG GGT ACA TGG TGG
TA. Infectious virus recovered from the lysate of the
fourth TG lysate was quantified by inoculating serial
dilutions on Vero cells for five days at 37 °C in a 5%
CO2 atmosphere. Monolayers were stained with 1%
crystal violet, and lytic plaques were counted.

RESULTS
At three days p.i., few neurons immunopositive for
viral antigens grouped in the center or at the periphery
of the TG were observed (Fig. 1A). At day five p.i.,
the neuronal immunostaining was more intense 
(Fig. 1B), and at seven days p.i., 10 or more intensely
positive neurons per field were found (Fig. 1C). In
addition, a pattern of staining associated with nerve
fibers was observed from the fifth day p.i. (Fig. 1B,
thin arrows). The mockinfected mice did not show
any stained cells (Fig. 1D). Viral DNA was detected
at all three time points (Fig. 2A). The LAT transcript
was detected only at seven days p.i. (Fig. 2B),
whereas the infectious virus was detected only at day
3 (4,5x104 ± 7,7x103 PFU/ganglion) and 5 p.i.
(6,8x107 ± 1,8x103 PFU/ ganglion).

110 Leidy Y. Bastidas-Legarda, et al.

Acta Odontol. Latinoam. 2017 ISSN 1852-4834 Vol. 30 Nº 3 / 2017 / 109-112

Fig. 1: Immunoperoxidase HSV1 antigen detection in mouse
trigeminal ganglia (TG).A. TG at 3 days p.i. with few neuronal
cells stained. B. Staining in TG slides from mice infected at 5
days. Arrows show the positive cells, Double thin arrows identify
positive nerve fibers. C. Numerous and intensely stained cells at
seven days p.i. D. Appearance of mockinfected and immuno 
peroxidase processed ganglia. Scale bars correspond to 50 μm. 

Fig. 2: Viral DNA and RNA detection using TG from infected
mice. A. Viral DNA was detected at all time points. B. Note that
the latency associated transcript appeared at seven days p.i.
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DISCUSSION
Infection with HSV1 is a major cause of morbidity,
with seropositivity rates estimated at ~90%. Clinical
manifestations include ulcerations that primarily
affect oral mucosa and, depending on their severity,
can lead to potentially lifethreatening neurological
consequences in susceptible individuals5. Different
aspects of HSV1 biology and pathogenesis have
been studied in animal models6,7; however, there is
no information about the kinetics of HSV1 infection
when inoculated in the oral epithelium. Given that
orolabial herpes is the most prevalent viral infection
of the mouth worldwide; our aim was to establish an
in vivo model to evaluate the dissemination of the
virus from the oral epithelium to the TG. The number
and intensity of HSV1immunopositive neurons
increased over time, reflecting a productive infection
after HSV1 entry into the TG. Studies with mouse
models that involve ocular inoculation have detected
viral antigen in different TG cell types at two days
p.i., with a peak at day three p.i. and a decrease over
the following days (days 4 and 5), until staining
disappeared at day seven p.i.8 In our mucosal
inoculation model, the infection peak occurred at 5
days, presumably after an intense and massive local
replication that was partially controlled by the
immune system in order to prevent viral entry into
the nerve endings. This phenomenon may not occur
in the corneal tissue because of its poor irrigation.
Labetoulle et al (2003)9 found that only TG neurons
were LAT positive, and they increased in number
over time. However HSV inoculation by ocular
abrasion is more efficient to reach TG than intra 
venous or intranasal inoculation10, demonstrating 
the main involvement of sensory fibers, as we

demonstrated here. Additionally, we found that LAT
expression began at 7 days p.i., suggesting that at this
point, viral gene transcription stops and viral latency
is established.
A study conducted by Labetoulle et al (2000)
described the pathways that HSV1 may use from
oral mucosa to cornea that can lead to herpetic
ocular disease by inoculating the virus into the
upper lip of BALB/c mice11. This and other animal
models of HSV1 infection that include intravenous
or intranasal inoculation have been useful tools for
evaluating viral pathogenesis and latency5,6,12. 

However, a murine model for examining the
propagation of HSV1 to the TG when inoculated at
the main site of primary infection in humans, which
is the oral epithelium, had not been generated. The
model described here, which accurately mimics
primary herpetic infection beginning in the oral
cavity, may be considered as a first step in the
development of further studies on latency and
reactivation mechanisms, the specific trigeminal
immune response and antiviral drugs.

CONCLUSION
Despite the high prevalence of herpes virus infection
in oral mucosa, there is little knowledge of the
kinetics of infection and transport to the trigeminal
ganglion. We established an in vivo mouse model of
HSV1 infection through scarification of the oral
mucosa and were able to detect DNA, RNA and
antigen and to recover infectious virus from TG. This
model could be used in both pathogenesis and
pharmacological studies on how to control herpes
infection. 
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RESUMEN
Este estudio tuvo como objetivo evaluar el nivel de cono 
cimiento de la población sobre el cáncer bucal y evaluar el
nivel de atención preventiva. Se realizó un estudio descriptivo
y de corte transversal que evaluó 408 individuos a través de
una encuesta de forma personal. El estudio se realizó en la
Universidad Católica de Santiago de Guayaquil durante el
periodo lectivo 2016. El 61% de los encuestados indicaron
conocer la existencia del cáncer bucal, sin embargo 56,1%
ignoraban que las “manchas blancas” en cavidad bucal podrían
malignizar; 50,7% desconocían que los “bultos” podrían ser

un cáncer bucal. Por otra parte, el 81,8% respondieron nunca
haber sido sometidos a un examen de prevención contra el
cáncer bucal. Esto nos muestra que es necesario continuar
estableciendo medidas preventivas tales como educar a los
pacientes en la realización de un autoexamen de la cavidad
bucal, intensificar las campañas de prevención y concientizar
a los odontólogos en cuanto a su responsabilidad en la detec 
ción precoz.

Palabras clave: cáncer bucal, prevención primaria, salud
bucal, salud pública.

INTRODUCTION
Oral cancer accounts for 2% of all cancers and
almost 30% of head and neck tumors. According to
the World Health Organization (WHO) reports,
there are 575,000 new cases and 200,000 deaths every
year13. Squamouscell carcinoma (SCC) accounts for
90% of all oral cancers. The remaining 10%
consists of tumors of salivary glands, odontogenic
tumors, melanomas, sarcomas, lymphomas and

metastatic lesions46. SCC has one of the lowest 5
year survival rates. It is a multifactorial disease that
mainly affects males in their forties and sixties7.The
best known risk factors are smoking, alcoholism,
oral sepsis, trauma caused by teeth or prosthesis,
genetic factors, and viral and fungal infections79.
Excessive exposure to solar radiation is also a risk
factor for lip cancer. Easy access to the oral cavity
provides a major advantage for prevention and early

ABSTRACT
The aim of this study was to evaluate the level of knowledge on
oral cancer and level of preventive care among the population.
A descriptive crosssectional study was performed to evaluate
408 individuals through a facetoface survey at Universidad
Católica de Santiago de Guayaquil during the 2016 academic
year. Sixtyone percent (61%) of respondents said they knew of
the existence of oral cancer, but 56.1% did not know that ‘white
spots’ in the oral cavity could become malignant, and 50.7%

did not know that ‘lumps’ could be oral cancer. Moreover, 81.8%
said they had never undergone screening for oral cancer. This
shows the continued need to implement preventive measures
such as educating patients in selfexamination of the oral cavity,
intensifying prevention campaigns and raising awareness
among dentists regarding their responsibility in early detection.

Key words: Mouth neoplasms, primary prevention, oral health,
public health.
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detection of any disorder2. General dentists and
clinical stomatology specialists should include
health education in their clinical practice to raise
awareness in the population regarding selfresponsi 
bility and cooperation in the detection of early signs
of disease. Similarly, it is important to teach patients
to observe and palpate the oral mucosa, and have
regular stomatolotical checkups, which should
include hard and soft tissues1012. The aim of this
study was to evaluate the level of knowledge among
the population regarding oral cancer and to ascertain
whether they had ever undergone a stomatological
inspection of soft tissues by a health professional as
a preventive measure against oral cancer. 

MATERIALS AND METHODS 
A descriptive crosssectional study was conducted
using a facetoface survey. The study was conducted
by the Department of Stomatological Pathology of the
Dentistry Course at Universidad Católica de Santiago
de Guayaquil during the 2016 academic year.
Six hundred and fortythree (643) persons attended
a campaign for prevention of stomatological lesions
which consisted of educational talks about different
oral diseases. Of these persons, 408 (63.4%) accepted
to take part in the study. This sample comprised 249
(61%) females and 159 (39%) males. Average age
was 28 years (range: 1280 years). All participants
were asked to complete a questionnaire consisting
of 10 closedobjectives, dichotomous or multiple
choice questions and received a free oral clinical
examination. Questionnaire content was validated
by review of the literature3,1315 and by the opinion
of a specialist in Oral Pathology. Data were
collected on age, sex, schooling and whether or not
respondents belonged to the university community.

Questions were grouped into two categories: a)
questions to evaluate level of knowledge regarding
oral cancer and its risk factors, and b) to evaluate
whether the respondent had ever undergone a
stoma tological examination of soft tissues as a
preventive measure for oral cancer. 
The study followed the ethical principles set forth
in the 1964 Declaration of Helsinki for medical
research on human beings. The confidentiality of
the information recorded through the surveys 
was maintained and participant names were not
identified at any time during the study.

RESULTS
One hundred and seventysix persons (176; 43.1%)
reported that someone in their family had had some
form of cancer, while 232 (56.8%) reported no
history of cancer in their family circle (Fig. 1).
In response to questions about knowledge of oral
cancer, more than half the respondents (249; 61%)
said they knew of the existence of cancer of the oral
cavity, while 159 (39%) did not (Fig. 2).
With regard to clinical signs related to oral cancer
and which can be detected by the patient him/
herself, more than one fourth of the population
(159; 39%) did not know that lesions in the oral
cavity that do not heal may be malignant. 
Specific warning signs in the oral cavity were
evaluated through the following questions: 
1) Did you know that white spots in the oral cavity

may become malignant? Over half the respondents
(229; 56.1%) did not know. 

2) Did you know that thickening or lumps in the oral
cavity might be cancer? Two hundred and seven
(207; 50.7%) participants did not know that it could
be a sign requiring clinical attention (Fig. 3). 
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Fig. 1: Family history of cancer. Fig. 2: Oral cancer. Fig. 3: Clinical warning sign in oral cavity.
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To analyze oral cancer risk factors, the first question
asked about the more wellknown ones such as
alcohol and tobacco. Nearly three quarters of the
participants (288; 70.5%) knew that these were risk
factors (Fig. 4). However, despite this knowledge,
349 (85.5%) persons smoked tobacco and 161
(39.4%) drank at least 1 glass a week of some kind
of alcoholic beverage.
We also asked about other risk factors for the oral
cavity which are very common but less widely
known, such as frequent intake of excessively hot
beverages and trauma caused by prosthesis and teeth
with fractures or sharp edges, to which 281 (68.87%)
respondents answered they did not know (Fig. 5). 
Regarding preventive examinations, more than three
quarters of the respondents (334; 81.8%) said they
had never undergone a screening for oral cancer, 42
(10.2%) said they had been examined by their
physician and the remaining 32 (7.8%) mentioned
that they had been examined by their dentist (Fig. 6).

DISCUSSION 
Cancer continues to be a public health issue because
different kinds of malignant neoplasms cause over
six million deaths a year in the world. It is estimated
that about twenty million persons a year will present
some type of cancer16, which has a prevalence of 2 to
3% of the world population. These data are relevant,
not only regarding mortality and morbidity, but also
for the evaluation of risk factors. Our study found
that 43.1% of the respondents had a family member
with a history of cancer. 
Cancer prevention efforts have focused on the most
frequent types of cancer: breast, cervical and lung,
while campaigns for the prevention of oral cancer
are less frequent.

Despite the great increase in knowledge of risk
factors and the biology of oral cancer, its incidence
continues to rise,14 indicating the importance of
prevention campaigns. The aim of this study was 
to evaluate the knowledge of oral cancer in a
population of Guayaquil, Ecuador. The results can
be compared with those from other similar studies.
Our assessment of people’s knowledge of oral
cancer showed that only 61% of the participants
knew of the existence of cancer in the oral cavity.
The literature reports percentages of knowledge of
oral cancer ranging from 20 to 65%3,17. This broad
range may be due to differences in educational
levels. In our study, 62.2% of the respondents
belonged to the university community, i.e., they 
had an academic degree. Our results agree with
Pakfetrat et al.14, Devadiga et al.13, AlMaweri et
al.18 and AlMaweri at al.19, who also found a
significant correlation between educational level
and knowledge of oral cancer. However, a study by
Razavi et al.,20 did not find this correlation. Analysis
of knowledge of risk factors associated to oral
cancer showed that 70.5% of the respondents
identified tobacco and alcohol as the main risk factors.
This is in agreement with the study on knowledge
and attitudes related to cancer by Berlanga et al.21,
in which 93% of the sample mentioned tobacco as
the main risk factor. Similarly, the study on women
by Cabezas et al.22 found that 91% of the sample
acknowledged tobacco and alcohol as risk factors.
However, a more recent study by Babiker et al.23

reports that only 49% of the sample had knowledge
of the risk factors for oral cancer.
It is worth noting that although in our study 70.5%
of the respondents identified tobacco and alcohol
as risk factors for oral cancer, almost the entire
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Fig. 4: Risk factors: toxic habits. Fig. 5: Local risk factors in oral cavity. Fig. 6: Screening as a preventive measure
for oral cancer.
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sample (349; 85.5%) smoked tobacco and 161 persons
(39.4%) were alcohol drinkers, although intake was
not analyzed.
A study by Doncel et al.3 reports that only 34.8% of
the patients recognized smoking as a risk factor for
oral cancer, a much lower percentage than the one
reported in our study. Several studies have reported
a generally low level of knowledge regarding risk
factors for oral cancer among the population13,1720,2327,
and this knowledge is even lower regarding less
known risk factors. One example of this is the study
by Al Dubai et al.25 reporting a lower percentage
of knowledge regarding spicy or hot foods as risk
factors for oral cancer than regarding other factors.
Our study found that 68.87% people did not know
that certain chronic irritants such as excessively hot
beverages, the use of prosthesis that cause trauma,
and fractured or sharpedged teeth were also factors
associated to oral cancer. This is in agreement with
Doncel et al.3, who report that 62.6% of respondents
did not identify these as risk factors.
Identification of clinical signs and symptoms of oral
cancer was significantly higher in our study than in
other reports in the literature. Studies such as the
one by Pakfetrat et al.14 report that 90% of patients
does not know how to identify initial signs and
symptoms of oral cancer. Our study shows slightly
more encouraging results (29.5%), although more
than half the sample (61%) ignores the form of
presentation of early signs of oral cancer. These
results show the need to continue implementing
preventive measures such as educating the patients
on how to perform a selfexamination of the oral
cavity.
Finally, when analyzingthe prevention strategies
against oral cancer received by the respondents, we
found that 81% had never undergone a screening, a
percentage somewhat better than others reported in
the literature. For example, Babiker et al.23 and
Monteiro et al.26 reported that 93.2% and 98.3% of
the sample, respectively, had never undergone
screening for oral cancer. These results may be
explained by the fact that most of the participants
in our study were young (=28 years), therefore the
group was not representative of the population at
risk for oral cancer. To eliminate this bias in our
study, we created a data subset considering only
subjects older than 40 years (n=74), finding that

79.35% had never undergone screening for oral
cancer. From those who reported having had an oral
cancer screening, 10.2% had been examined by
their physician and 7.8% by their dentist. 
The fact that three quarters of the participants reported
never having undergone a clinicalstoma tological
examination of soft tissues as a preventive measure
against oral cancer is alarming, considering that the
oral cavity is one of the sites that can be examined
directly and is rich in early signs and symptoms.
Moreover, our study found that physicians (10.2%)
perform this inspection most frequently, reflecting a
deficiency in the role of dentists in preventing oral
cancer.
In view of these results, it is needed that dentists, as
healthcare providers who have continuous contact
with the oral cavity, include a clinical examination of
soft tissues in their practice. This examination would
enable early detection of any change in the oral
mucosa by simple observation3, thereby enabling
prevention of its progression to cancer, and, when
relevant, reference to the specialist.
This study was performed due to the need to find out
about perception and knowledge in the community
with relation to oral cancer. Among the strengths of
this study we can highlight that 1) a significant sample
size was used (n=408), 2) data were extracted directly
from participants by facetoface surveys conducted
by the researchers and 3) as far as we know, to date,
no other study in Ecuador has evaluated these
variables, whereby this study is relevant to public
health.
Limitations to this study are: 1) results were self
reported by participants, which may introduce bias,
and 2) most of the sample belonged to the university
community, representing a medium to high educa 
tional level which is not representative of the
population in Ecuador, where illiteracy prevalence
is 6.8%28. Results therefore cannot by generalized
to the whole population. Nevertheless, they clearly
show that primary prevention strategies are needed
such as education regarding risk factors and
teaching people to perform selfexamination of the
oral cavity to detect suspicious lesions and to visit
the stomatologist and/or physician in time.
Furthermore, a greater awareness of the general
dentists is needed about their responsibility in early
detection and timely refererral to specialists.
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RESUMEN
El objetivo del trabajo fue evaluar y comparar la variación de la
densidad mineral (MD) registrada con láser de fluorescencia
(LF), posteriormente a la aplicación de barniz fluorado al 5%
(Duraphat®), barniz fluorado al 5% con fosfato tricálcico
(Clinpro®) y fosfopéptidos de caseínafosfato de calcio amorfo
(Recaldent®) en piezas con Hipomineralización Molar Incisiva
(MIH). La MD de 92 piezas dentarias con MIH con lesiones leves
(Mi) y moderadas (Mo) fue registrada utilizando el equipo
DIAGNOdent (KaVo, Biberach, Germany). Los valores de LF
fueron registrados en el día 0 (condiciones basales) y en los días
15, 30 y 45. Los agentes remineralizantes fueron aplicados
inmediatamente luego de los registros de LF en condiciones

basales y en los días 15 y 30. A los 45 días se observaron
diferencias significativas tanto en las lesiones leves (p<0,01) como
en las moderadas (p<0,000005). En las lesiones leves se
detectaron diferencias significativas entre los productos
Recaldent® y Clinpro® y entre Duraphat® y Clinpro® a nivel global
0,10. En las lesiones moderadas los tres pares de productos
resultaron significativamente diferentes a nivel global 0,05. Los
resultados obtenidos permiten concluir que, en las condiciones de
este estudio, Clinpro® resultó más efectivo en lesiones leves,
mientras que Duraphat® lo fue en lesiones moderadas.

Palabras Clave: Esmalte dental, hipomineralización del
esmalte, lásers.

INTRODUCTION
The term Molar Incisor Hypomineralization (MIH)
was accepted at the Meeting of the European
Academy of Pediatric Dentistry in 20031 to define
qualitative enamel defects affecting the first 
per manent incisors and molars caused by an
alteration during the postsecretion period of
ameloblasts, and was typified as a hypocalci 
fication defect in 20102. At present, lesions are
frequently observed on second primary molars

and permanent canines, and MIH is also detected
on other teeth3,4.
Its etiology remains uncertain, and it has been
suggested that it may not be caused by a single
specific factor but that various conditions, including
genetic factors, could increase the risk for MIH.
Previous studies conducted by our research group
showed 15.9% prevalence of MIH in a population
of 1098 children seeking dental care5, and 25.92%
prevalence in children not seeking dental care.6

ABSTRACT 
The aim of the present work was to evaluate and compare
variations in mineral density (MD) using laserinduced
fluorescence (LF) after applying 5% Sodium Fluoride Varnish
(Duraphat®), 5% Sodium Fluoride Varnish with Tricalcium
Phosphate (Clinpro®) or Casein phosphopeptideamorphous
calcium phosphate (Recaldent®) on teeth with Molar Incisor
Hypomineralization (MIH). Mineral density of 92 MIH teeth
with mild (Mi) and moderate (Mo) lesions was assessed using a
DIAGNOdent device (KaVo, Biberach, Germany). LF values
were recorded on day 0 (baseline) and on days 15, 30 and 45;
the remineralizing agents were applied immediately after LF

readings at baseline and on days 15 and 30. Data corresponding
to Mi and Mo lesions were analyzed separately. Significant
differences were observed both in mild (p<0.01) and moderate
(p<0.000005) lesions. Differences between Recaldent® and
Clinpro®, and between Duraphat® and Clinpro® (global level
0.10) were found in Mi lesions. All 3 pairs of products differed
significantly in Mo lesions (global level 0.05). The results
obtained under the conditions used here allow concluding that
Clinpro® was more effective in mild lesions whereas Duraphat®
was more effective in moderate lesions.
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Mild or moderate lesions present clinically as
creamywhite or yellowishbrown opacities, and
severe lesions present loss of structure. As observed
by scanning electron microscopy, lesions without
loss of enamel substance exhibit normal, though
less regular and less differentiated prism structure,
with a lack of organization of the enamel crystals,
greater interprism space, presence of pores, and
sharp demarcation between the sound and the
hypomineralized enamel7,8. Creamywhite lesions
show prisms with more rounded ends than those
seen in sound enamel, and occasionally exhibit
cracks. Brown lesions show larger cracks and scale
like alterations.9. Analysis of the mineral content of
the hypomineralized areas shows a significant
decrease in P and increase in C and Mg, with a
lower Ca:C ratio10 .Protein content is 8fold higher
in mild lesions than in sound enamel, and 15 to 21
fold higher in moderate lesions as compared to
sound enamel. MIHaffected enamel has normal
levels of residual amelogenins, indicating the
occurrence of hypocalcification rather than
hypomaturation2. 
In vitro studies have shown intensity of fluores 
cence to be inversely proportional to mineral
density (MD), and propose the use of laser induced
fluorescence to assess the severity of the defects 11.
A previous work conducted by our research 
group showed lower MD as recorded by laser
fluorescence (LF) in clinically intact enamel of
MIH patients than in patients without MIH, as well
as a relation between visual observation of enamel
color changes and LF readings 12.
As to preventive treatment for MIHaffected teeth,
there is no evidence to date regarding its efficacy.
Hence, recommendations are based on studies
conducted in unaffected teeth.
Based on the above, the aim of the present work was
to evaluate and compare variations in mineral density
recorded with laser fluorescence after applying
varnishes containing 5% fluoride, 5% fluoride and
tricalcium phosphate, and casein phosphopeptide
amorphous calcium phosphate in teeth with Molar
Incisor Hypomineralization. 

MATERIALS AND METHODS
The experimental design of the present study was
approved by the Ethics Committee of the School
of Dentistry, University of Buenos Aires (FOUBA)
(UBACyT20720120200007BA), and the study

was conducted in compliance with the ethical
principles for medical research in human beings
defined in the Declaration of Helsinki (revised 
in 2013).
The study comprised 55 children aged 6 to 17 years
seeking dental care at the Department of Pediatric
Dentistry, University of Buenos Aires in 2013,
2014 and 2015, showing MIH lesions, and whose
parents/legal tutors gave their informed consent for
participation in the study. All the patients received
indications regarding diet and oral hygiene with
1000 ppm fluoridated toothpaste. Open caries
lesions were inactivated with a reinforced zinc
oxideeugenol material (IRM® Dentsply Caulk).
Twentynine (29) children seen in 2013 were
treated with 3 applications of 5% sodium fluoride
varnish (Colgate Duraphat®) for 1 minute; 16
children seen in 2014 were treated with casein
phosphopeptideamorphous calcium phosphate
CPPACP) (GC America, MI Paste™ Recaldent®),
and 10 children seen in 2015 were treated with 5%
sodium fluoride varnish containing tricalcium
phosphate (TCP) (3M ESPE, Clinpro™ White
Varnish). Mineral density of 92 teeth with MIH
without loss of enamel substance (37 treated 
with Duraphat®, 33 with Recaldent® and 22 with
Clinpro™) was assessed using DIAGNOdent
(KaVo, Biberach, Germany); all determinations
were performed by a single operator who was
calibrated in the use of the device and who
calibrated the instrument prior to each reading in
keeping with the manufacturer’s recommenda 
tions. After drying the enamel with a triple syringe
for approximately 8”, laser fluorescence (LS) of
smooth enamel surfaces with creamywhite (Mi)
and yellowishbrown (Mo) opacities larger than 2
mm in diameter (Figs. 1 and 2) was measured. LF
values were recorded on day 0 (baseline) and on
days 15, 30 and 45; the remineralizing agents were
applied immediately after LF readings at baseline
and days 15 and 30. 
Data corresponding to Mi and Mo lesions were
analyzed separately; mean LF of the examined teeth
at baseline and at 15, 30 and 45 days, as well as the
percentage of variation in mean LF throughout the
45 day period were calculated for each patient.
Percentage of variation of the three studied products
was analyzed in each group using non parametric
ANOVA, and among groups using Bonferroni’s
multiple comparison test.
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RESULTS
Tables 1, 2 and 3 show mean values, standard
deviation, and ranges of laser fluorescence readings
for each product in each group at baseline and 15
days after each application. 
Significant differences in the percentage of
variation in FL were observed among the 3 products
both in the mild (p<0.01) and the moderate lesions
groups (p<0.000005) (Table 4).
Figures 3 and 4 are parallel boxplots showing the
percentage of variation of the 3 products in the Mi
and Mo lesions groups.
Analysis of results using multiple comparisons test
showed significant differences between Recaldent®

and Clinpro®, and between Duraphat® and Clinpro®

in the mild lesions group, at a global level of signifi 
cance of 0.10. Significant differences were observed
among all 3 pairs of products in the moderate
lesions group, at a global level of significance 
of 0.05. 

DISCUSSION
Ameloblasts are not only responsible for secreting
the enamel matrix proteins and proteinases, but also
induce mineralization and finally organize these
minerals into rod and interred patterns13. Because
MIH lesions do not develop during the secretion
period, they are considered qualitative enamel
defects; they present clinically as opacities, and 
can occasionally lead to enamel fracture as a
consequence of mastication. To date, MIH diagnosis
is performed based on the clinical appearance of the
lesions. However, given the lack of defined criteria
and discrepancies among authors, this method is
subjective and unreliable. In vitro studies have
concluded that the severity of the defect can be
assessed using laser fluorescence as an indicator of
MD11. The method has been validated by a number
of studies1417, and has been shown to be effective
for assessing remineralization on smooth enamel
surfaces18. It allows quantitatively estimating MD in
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Fig. 1: Upper right incisor showing both mild and moderate
MIH lesions simultaneously.

Fig. 2: Mineral Density determinations using laser induced
fluorescence.

Fig. 3: Variations in LF in mild lesions MD: Mineral Density. Fig. 4: Variations in LF in moderate lesions MD: Mineral Density.
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a noninvasive fashion, as well as assessing the
severity of the defects on the affected teeth at
baseline prior to treatment, and then evaluating the
effectiveness of products commonly used to treat
cariesrelated lesions. 

The deficiency in mineral enamel in MIH occurs
during amelogenesis. It is therefore not known
whether the measures used to treat chemical
demineralization caused by acid attack could be
effective in correcting the mineralization deficiency
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Table 1: LF values corresponding to teeth treated with Colgate, Duraphat® Mean ± SD and range.

Clinical Appearance Laser fluorescence Values

Baseline Day 15 Day 30 Day 45 

Mild lesions 18.57±5.88 16.97±5.39 15.42±5.45 14.59±4.88 p<0.001

(16.55-20.59) (15.12-18.82) (13.55-17.3) (12.92-16.27)

Moderate lesions 56.88±15.71 37.83±12.77 33.47±12.05 31±11.97

(45.48-56.28) (33.45-42.23) (29.33-37.61) (26.87-35.11) 

Table 2: LF values corresponding to teeth treated with GC America, MI PasteTM.

Clinical Appearance Laser fluorescence Values

Baseline Day 15 Day 30 Day 45 

Mild lesions 17.37±7.22 16.18±5,36 15.4±15.19 15.15±5.19 <0.001

(12.64-22.11) (14.22-17.77) (13.22-16.77) (13.22-16.77)

Moderate lesions 29.53±17.85 28.02±15.59 26.42±15.50 27.31±15.77

(24.79-34.27) (22.68-33.31) (20.68-31.31) (21.68-32.31)

Mean ± SD and range

Table 3: LF values corresponding to teeth treated with 3M ESPE, Clinpro™ White Varnish.

Clinical Appearance Laser fluorescence Values

Baseline Day 15 Day 30 Day 45 

Mild lesions 20.04±5.07 18.36±4.51 15.39±3.67 14.18±3.65 p<0.005

(13.75-27.63) (11-24.25) (11.25-23.38) (10.5-22.38)

Moderate lesions 28.85±8.99 26.8±8.16 25.2±8.83 23.1±7.74

(15-48.5) (15-43.25) (14-42.75) (11.5-36.25)

Mean ± SD and range

Table 4: Percentage of variation in LF values corresponding to each of the 3 studied products at 45 days.

Clinical Appearance Laser fluorescence Values

Duraphat® Recaldent® Clinpro®

Mild lesions -19.61±15.02 -9.30±14.66 -28.32±10.56 p<0.01

(-51.85;0) (-35.09;14.29) (-43.12;-15.45)

Moderate lesions -36.58±19.78 -6.60±11.69 -19.79±12.65 p<0.000005

(-80.74;-10) (-38.36;11.96) (-50;-1.59)

Mean ± SD and range
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after tooth eruption. It is possible that the de and
remineralization processes occurring in sound
enamel and those occurring in hypomineralized
MIH enamel share comparable mechanisms. In
addition, treatment of MIH may entail the same
difficulties encountered in the management of dental
caries to attain indepth remineralization of enamel.
Whichever way, it must be emphasized that these
two pathologies differ greatly, since the enamel of
teeth affected by MIH, including apparently intact
areas of enamel, is sufficiently porous to allow
bacterial invasion, even in areas of the tooth
considered at low caries risk in nonMIH teeth. 
The present study included all patients presenting
MIHaffected teeth with both creamywhite and
yellowbrown lesions seen at the Department of
Dentistry for Children in the same period (May
July) in 2013, 2014, and 2015. All patients were
assessed by the same operator with the same device.
We chose to analyze the percentage of variation 
of average LF given the differences among the
baseline ranges of the studied periods. 
A 2006 review of the clinical management of MIH
emphasized the need to promote an increase in
mineralization and a decrease in hypersensitivity19. 
The present study compared three products, one of
which is a fluoride varnish added with calcium ions.
The addition of 5% tricalcium phosphate to fluoride
containing varnishes, as is the case of Clinpro, is
intended to increase the retention of fluoride and
calcium ions in the oral environment, and improve
mineralization of early lesions. Another of the
studied products, CPPACP, provides bioavailable
calcium and phosphate to promote remineralization.
Although in vitro studies have shown that it
interacts with hydrogen ions on the tooth surface,
and can diffuse into enamel where it produces
subsurface mineral gains, a recent review suggests
that further controlled trials need to be conducted
prior to the widespread recommendation of CPP

ACP for the prevention and treatment of caries20.
The protocol used in the present study for
application of CPP ACP was similar to protocols
used in comparative studies on fluoridated
varnishes21,22. Rather than a single application,
Reynolds23 suggests it is recommendable for the
product to be in contact with the tooth surface for 1
minute to 2 hours, from 5 to 60 minutes, or for 10
minutes, and that application can be repeated for 1
day or several months. In the present study, we used
three 1minute applications without pretreating the
enamel with 5% NaOCl for 5 minutes, as has been
suggested. 
According to the data obtained herein, Duraphat®

showed the best results, followed by Clinpro® in
moderate lesions. Clinpro® was only significantly
better than Recaldent® and Duraphat® in mild
lesions. Nevertheless, the present results do not
allow concluding that the 5% sodium fluoride
varnish without TCP (Duraphat®) was superior to
the CPP ACP (Recaldent®). A survey conducted in
public health professionals in Norway showed
variations in their preventive approach to this
pathology. Nevertheless, half the professionals
applied fluoridated varnishes on lesions without 
loss of tissue, as were the lesions studied here24.
Restreppo et. al 25 also used laser fluorescence as an
indicator of mineral density, and found no beneficial
effects after 4 applications of fluoridated varnishes.
However, the authors state that their results do not
suggest that fluoridated varnish should not be
recommended for the treatment of MIH lesions.

CONCLUSIONS
The results obtained herein allow concluding that
Clinpro® was more effective in mild lesions,
whereas Duraphat® proved to be more effective in
moderate lesions. Further studies in a larger number
of patients need to be conducted to corroborate the
present findings. 
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RESUMEN
Conocer la mejor manera de evaluar los cambios en el diámetro
transversal de las arcadas producidos con el tratamiento
ortodóncico permite estimar el espacio que puede generarse y
optimizar la planificación del mismo. El objetivo del trabajo fue
comparar las modificaciones del diámetro transversal utilizando
reparos palatinos (M1) y reparos dentarios, (M2) luego de la
alineación dentaria con sistema autoligable pasivo. Se
evaluaron los maxilares superiores de 12 pacientes de ambos
sexos (24 modelos pre y post tratamiento en total) atendidos con
Sistema Damon en la Cátedra de Ortodoncia de la FOUBA, de
entre 15 y 24 años de edad con apiñamiento moderado
(discrepancia de Nance entre 4 y 6 mm). Se tomaron 5 medidas
por arcada: distancia entre caninos, primeros y segundos
premolares y primeros y segundos molares de los modelos pre y
post alineación por tratamiento ortodóncico, utilizando dos
métodos de evaluación (M1 y M2). La variación en el diámetro

transversal promedio aumentó en ambos métodos y fue menor
utilizando M1 que M2, con diferencia estadísticamente
significativa entre los valores (p< 0.05). En el análisis de la
distancia entre piezas dentarias homólogas, comparando M1 y
M2, se encontró diferencia estadísticamente significativa entre
primeros, segundos premolares y primeros molares (p< 0,05).
Las arcadas presentaron incremento del diámetro transversal
que fue evidenciado por ambos métodos de medida. Los valores
tomando reparos en palatino de las piezas dentarias presentan
menos variación e informan sobre las modificaciones de las
arcadas dentarias sin agregar las inclinaciones de las piezas.
Considerando M1 la mayor ganancia de diámetro transversal
se produce en primeros y segundos premolares, con aumento
leve en caninos y primeros molares y disminución entre segundos
molares. 

Palabras clave: Ortodoncia, brackets, resultados de tratamiento.

INTRODUCTION
Correcting tooth crowding without extractions or
interproximal reductions requires an increase in
arch perimeter so that teeth may be aligned. In

absence of distal movements, dimensional changes
in the arch involve dental and buccal changes and
expansion1. It is a wellknown fact that treatment
for dental crowding with either selfligating or

ABSTRACT
Knowledge of the best way to evaluate changes in transverse
dimension produced by orthodontic treatment enables the
estimation of potential space that may be generated and
optimizes planning. The aim of this study was to compare two
methods for measuring changes in transverse dimension
following tooth alignment by passive selfligating system:
Method 1 (M1) considering palatal landmarks and Method 2
(M2) considering dental landmarks. Subjects were 12 patients
of both sexes, aged 15 to 24 years old, with moderate crowding
(Nance discrepancy 4 to 6 mm), who were treated with the
Damon System at the Department of Orthodontics of the School
of Dentistry, Buenos Aires University. Their pre and post
treatment maxillary casts were analyzed (24 casts altogether).
Five measurements were taken on each cast: intercanine width,
first and second interpremolar width and first and second

intermolar width, using the two measurement methods (M1
and M2). Both methods found average width to have increased,
though this increase was smaller as measured by M1 than by
M2, with statistically significant difference between values 
(p<0.05). M1 and M2 provided significantly different
measurements for first and second interpremolar and first
intermolar distances (p< 0.05). The values obtained using M1
(palatal landmarks for teeth) present less variation and provide
information on the changes in the dental arches without adding
tooth tipping. Considering M1, the greatest gain in transverse
dimension occurred in first and second interpremolar
distance, there was a slight increase in intercanine and first
intermolar distance, and a decrease in second intermolar
distance. 

Key words: Orthodontics, ortodontic brackets, treatment outcome.
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conventional brackets (CLB) without performing
any extractions will produce dentoalveolar expansion.
The amount of expansion depends on the mechanics
applied in each case16.
There is controversy about the response of dental
arches regarding expansion or change in transverse
diameter produced by treatment with the passive
selfligating system.
It has been claimed that use of Damon selfligating
brackets can expand the upper arch in maxillary
constriction cases by using broader archwires and
passive selfligating brackets2. Damon D. reports that
considerable expansion of the buccal segments can
be achieved, producing a broader arch form which is
more in balance with the tongue and cheeks3.
Several studies have evaluated changes in arch
transverse dimension in patients under orthodontic
treatment, although they record measurements
between canine tips and molar fossae, and do not
evaluate the response at the level of premolars. The
response in transverse dimension of the mandibular
dental arch treated with selfligating orthodontics has
also been widely studied, especially dentoalveolar
response measured on casts1, 2, 711 and studies
evaluating digital models and cone beam images12.
Damon presents pre and postalignment transverse
dimension measurements in patients treated with
the Damon system using as reference points canine
tips and molar and premolar vestibular cusps3.
Another published method for evaluating changes
in width is clinical photogrammetry, in which
measurements are made on occlusal photographs,
using as a reference the distance between vestibular
cusps of first molars and canine tips5.
The purpose of the current prospective study is to
compare two methods for measuring casts in order to
evaluate the transverse response of the arches to self
ligating orthodontic treatment. The methods to be

compared are M1 using anatomical landmarks with
relation to the insertion of teeth at palatine level and
method M2, reported in the literature, which uses as
landmarks premolar and molar vestibular cusps and
canine tips. Our hypotheses are: 1 Measurements
using M1 reveal smaller transverse increase than
measurements taken using as landmarks canine tips
and vestibular cusps of molars and premolars (M2).
2 The greatest increase in transverse dimension
occurs in the premolar sector.
The aim of this study is to compare the changes in
the transversal dimension of dental arches after
tooth alignment with selfligating system by using
palatine and tooth landmarks.

MATERIALS AND METHODS
This project was approved by the FOUBA Bioethics
Committee and subjects signed informed consent.
Data were recorded for full diagnosis of patients at
baseline (T1) and upon completing dental alignment
(T2), including casts and linear tomographies.
Subjects were 12 patients of both sexes aged 15 to 24
years, with moderate crowding (4 to 6 mm de Nance
discrepancy), who were treated with the DAMON
System (passive selfligating brackets and round Niti
Cu arch wires) at the Department of Orthodontics of
the School of Dentistry at Buenos Aires University.
Three calibrated doubleblinded operators used a
Japanese Mitutoyo brand digital caliper to measure
the maxillary casts before and after treatment. 
Five measurements were taken on the pre and post
alignment treatment maxillary casts for each patient:
intercanine, first and second interpremolar, and
first and second intermolar distances, using two
different methods: Measurement Method 1 (M1)
using palatal landmarks and Measurement Method
2 (M2) using dental landmarks (premolar and molar
vestibular cusps and canine tips) (Fig. 1 A and B).
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Fig. 1: Measuring
distance between 

teeth 16 and 26 
using a digital 

caliper, according 
to the two 

measurement 
methods. A: M1 

and B: M2.
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Means and standard
deviations were cal 
cu lated. The diffe 
rences in transverse
dimension between
homologous teeth
achieved by the
alignment treatment
as measured by
methods M1 and
M2 were compared.
Student’s Ttest for
paired samples was
applied (Fig. 2).

RESULTS
Considering all upper maxillary measurements,
values were 0.76 + 1.9 mm for M1 and 2.09 + 2.4
mm for M2, with statistically significant difference
(p=0.014) according to Student’s TTest (Fig. 3).
Comparison of M1 and M2 for determining the
distance between homologous teeth showed
statistically significant differences between first
premolars (p=0.003), second premolars and first
molars (p=0.03) (Table 1).
The bar chart in Fig. 4 shows average variation in
transverse dimension after dental alignment for the
two measuring methods.
ANOVA was applied to evaluate variation between
maxillae and between specific teeth. Differences
were found between teeth and between measu 
rement methods (M1 vs. M2).
The measurements recorded differed depending 
on whether they were taken considering palatal
landmarks or dental landmarks (M1 vs. M2), with
dental landmarks providing higher values, and there
is a positive relationship considering the type of
anatomical landmark evaluated and specific teeth,
particularly in the premolar sector.

DISCUSSION
Dental arch expansion by means of selfligating
brackets and broader superelastic archwires has
recently become a subject of study. On the basis of
this idea, several studies have compared dento 
alveolar expansion using conventional brackets and
selfligating brackets. A study by Pandis measured
transverse dimensions on pre and postalignment
casts, using as landmarks canine cusps and molar
central fossae. It compared conventional and self
ligating bracket systems, finding that transverse
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Fig. 2: The following anatomical points were used as references. For M1: cingulum projection on gum
for upper canines; palatal cusp tip projection on gum for upper first and second premolars; palatal sulcus
projection o gum for upper first and second molars. For M2: cusp tip for upper canines, cusp tip for
upper first and second premolars, mesiovestibular cusp tip for upper first and second molars.

Fig. 3: Evaluation of the variation of the upper maxillary
using measurement method M1 (palatal landmarks) and M2
(dental landmarks). Student’s Ttest for paired samples.
Statistically significant difference between values (p=0.014),
N=12.

Fig. 4: Variation in transverse dimension produced by
alignment in maxillary, considering palatal landmarks (M1)
and dental landmarks (M2). 1: canines; 2: first premolars; 3:
second premolars; 4: first molars and 5: second molars. N=12.
Student’s Ttest for paired samples, N=12. Analysis of the
distance between homologous teeth showed statistically
significant differences between first and second premolars and
first molars (p<0.005).
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dimension increased using both systems, with
statistically significant differences in intermolar
distance for the selfligating group13.
In the current study, both measuring methods show
an increase in transversal dimension. This is in
agreement with Lineberguer’s study on digital casts
of growing patients comparing patients treated with
selfligating orthodontics to untreated patients4. Our
values recorded by method M1 show less variation
and provide information on changes in arches, which
we assume is because this method does not add the
modifications due to tipping of teeth (with statistically
significant difference between values found for first
and second premolars and first molars).
Our results showed a greater increase in transverse
dimension when vestibular cusps were used as
landmarks than when palatal landmarks were used,
suggesting an increase in the transverse dimension
at alveolar level as a result of an increase in the
distance between palatal or lingual cortical plate
and contra lateral palatal or lingual cortical plate,
which would increase the diameter of dental arches.
Thus we believe that the increase in transverse
dimension could be considered to be produced at
the expense of alveolardental remodeling and not
only due to an increase in torque or tipping of teeth
toward the vestibular.
With regard to the change in transverse dimension
considered for each tooth with the M1 measuring
method, space is gained mainly in the premolar area,
with intercanine distance and first intermolar
distance increasing very slightly, while second inter
molars distance decreases with the treatment. This

is in agreement with Vajaria et al.9, who compared
selfligating and conventional orthodontics using
digital casts, finding greater increase for the self
ligating group, which also presents evidence that the
premolar area is responsible for the increase in
transverse dimension It is also in agreement with
Lineberger’s study4 on digital casts, which found
significant increase in interpremolar distance in the
group treated with the Damon system, compared to
the control group without treatment4.
Franchi et al. found 4 degrees buccal tipping of the
molars and concluded that this may imply that
molar expansion observed with selfligating
brackets is related to the displacement or tipping of
molars rather than to bodily movement or basal
maxillary expansion14. 

CONCLUSIONS
The preferred method for weighting changes in the
transverse dimension on casts in order to evaluate
transverse development of arches would be the
method that uses anatomical landmarks near palatal
cortical plates of teeth (M1). This method avoids
the distortion that may be induced by a change in
torque or vestibular tipping of the teeth evaluated,
mainly in the area of premolars and first molar.
Both measuring methods showed an increase in
transverse dimension of arches aligned using
passive selfligating system. However, method M1
shows that the gain occurs in the premolar area,
with intercanine distance and first intermolar
distance increasing very slightly, while second
intermolar distance decreases.
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Table 1: Difference in transverse dimension with alignment in maxillary using measuring systems M1 
(palatal landmarks) and M2 (dental landmarks).

Measurements between Media M 1 SD M1 Media M2 SD M2 Student T p value

Canines 0.21 2.45 1.61 1.93 0.1356

First premolars 2.47 1.11 4.19 1.40 * 0.0030

2nd premolars 1.74 1.53 3.46 2.09 * 0.0313

First molars 0.26 1.55 1.83 1.80 * 0.0331

2nd molars -0.70 1.12 -0.61 1.69 0.8831

SD: standard deviation, *significant difference
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RESUMEN
El propósito de esta investigación fue analizar la situación de
salud bucal de jóvenes alojados en centros socioeducativos del
Área Penal Juvenil de la  Provincia de Córdoba, a través de la
evaluación clínica teniendo en cuenta los principales datos
sociodemográficos. Para tal fin se valoraron las características
sociodemográfica; los hábitos saludables, no saludables, de
autocuidado y el perfil clínico odontológico. Se desarrolló un
estudio transversal exploratorio en 70 jóvenes, de 14 a 18 años
de edad, alojados por un período no menor a seis meses. Se
realizó examen clínico y se aplicó la Encuesta de Salud Bucal de
la OMS. Para la descripción de los datos se aplicaron medidas
de centralización y de dispersión, frecuencia relativa, análisis
de correspondencia múltiples y modelos lineales generalizados.
Los resultados mostraron el siguiente perfil sociodemográfico:
94% son varones con una edad media de 16,91 ±1.11 que tienen
primario completo 34%, son procedentes de la Ciudad de
Córdoba 69% y pertenecen a familias nucleares 29%. Respecto

a los hábitos saludables el 71% de los jóvenes tienen una alta
frecuencia de consumo de azucares, el 46% presenta frecuencia
diaria de cepillado dental; entre los hábitos no saludables el
80% consume tabaco, 63% bebidas alcohólicas, y 73% SPA, el
63% concurrió al odontólogo alguna vez por dolor (80%). El
exámen clínico mostró una alta prevalencia del deterioro del
componente bucal de la salud (CPOD= 8,94 ± 4,75; SIC=14,26
± 2,15; IPC3 56%; MO 53).
El perfil clínico mostró una marcada prevalencia del nivel muy
alto de severidad de caries, enfermedad gingival y maloclusión,
no así de los estadios iniciales de caries, alteraciones de esmalte
y disfunción temporomandibular. Las características sociode 
mo gráficas halladas ponen de manifiesto condiciones de
vulnerabilidad social, educativa y sanitaria, las cuales inter 
fieren en su incorporación al sistema de producción y acceso a
mejores condiciones de vida.

Palabras clave: salud bucal, adolescentes, grupos vulnerables.

INTRODUCTION
Oral health in young people is an essential factor for
the economic and political process in all countries,
particularly disadvantaged countries such as those

in Latin America1. It is essential to vital functions
such as nutrition, communication, affection and
sexuality, in addition to its relationship with
physiological, psychological and social aspects2. 

ABSTRACT
The purpose of this research was to analyze the oral health status
of youth housed in socioeducational centers of the Juvenile
Penal Area of the Province of Córdoba, Argentina of corrections
by considering clinical evaluation and the main socio
demographic data. Sociodemographics, healthy and unhealthy
habits of selfcare, and dental clinical profile were assessed for
this purpose. An exploratory crosssectional study was carried
out on 70 14 to 18yearolds who had been institutionalized for
at least six months. A clinical examination was conducted and
the WHO Oral Health Survey was applied. Centralization 
and dispersion measurements, relative frequency, multiple
correspondence analysis and generalized linear models were
used to describe the data. The results showed: males 94%, mean
age 16.91 ± 1.11, complete primary schooling 34%, from
Córdoba City 69% and belonging to nuclear families 29%.
Regarding healthy habits, 71% had frequent sugar intake, and

46% brushed teeth daily; while among unhealthy habits, 80%
smoked tobacco, 63% drankalcohol and 73% used psychoactive
substances. Sixtythree percent had visited a dentist once, and in
80% of the cases reason for the visit was pain. Clinical
examination showed high prevalence of deterioration of the oral
health component (DMFT = 8.94 ± 4.75, SiC = 14.26 ± 2.15,
IPC3 = 56%, MO = 53%). 
Clinical profile showed marked prevalence of a very high level
of caries severity, gingival disease and malocclusion, but not
of initial stages of caries, alterations of enamel or temporo 
mandibular dysfunction. 
The sociodemographic characteristics revealed conditions of
social, educational and health vulnerability, a situation which
interferes with the inclusion of these youths in the productive
system and their access to better living conditions.

Key words: oral health, adolescent, vulnerable populations.
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Most youths who have broken criminal laws and
are institutionalized in socioeducational centers
run by the juvenile delinquency office of Córdoba
Province first learn nutrition, hygiene and study
habits upon entering these establishments. It is often
during their first dental visit here that they express
their needs, ailments and pains. They often report
never having visited a physician, and are even less
likely to have visited a dentist, highlighting the
inequity in access to learning health habits 3.
Social vulnerability is defined as the combination of
various social, age, gender and economic events,
among others, which prevent subjects or groups
from being included in development and having
access to better welfare conditions4. From this
standpoint, youth living at socioeducational centers
run by the juvenile delinquency office can be
considered vulnerable groups.
The World Health Organization (WHO)5 considers
that the most prevalent oral conditions are dental
caries (60% to 90% of school and adult population,
and 85% to 97% in Latin American countries)4and
periodontal disease (70% of the world popu 
lation)5. Craniofacial anomalies and malocclusions
are of medium frequency, while pathologies of soft
tissues, alterations of dental tissues, maxillofacial
trauma and dental fluorosis are of variable
frequency6.
High prevalence of dental caries is recognized as the
primary cause of missing teeth, the negative impact
of which is appraised by pain, suffering, loss of
function and alteration of quality of life; all of which
make it a public health issue at community level.7

Dental caries affects the population regardless of
age, sex or social level.
The etiology of dental caries is multifactorial. 
Some researchers mention early colonization by
microorga nisms, accumulation of plaque in the oral
cavity and sociodemographic factors as well as
eating habits and oral hygiene. There are also 
socioenvironmental factors such as availability of
health care services, oral health programs, socioeco 
nomic level, area of residence, educational level,
occupation, stress, ethnicity, culture and housing
type, among others.
White spot lesions are a clinically visible initial
stage of caries lesions, and constitute a warning
signal for preventive practices.
The most prevalent periodontal condition is
gingivitis. Epidemiological studies have shown that

it is common in childhood, more prevalent in
adolescence and becomes stable at older ages5.
Examination of the oral cavity and detailed explo 
ration of the oral mucosa are important tools for the
diagnosis of developmental alterations, infectious
and inflammatory diseases and neoplastic patho 
logies6. Prevalence of oral disease is mainly
associated to adult age, and world literature reports
few cases of oral mucosa conditions in children and
adolescents 6.
Epidemiological studies of soft tissues in the oral
cavity conducted in recent years have found
considerable variation in the prevalence of oral
mucosa lesions according to world geographic
location 7. 
Several etiological factors are related to oral mucosa
lesions, including toxic, infectious, genetic, emotional
and socioeconomic agents. Lesions of the mucosa are
therefore considered to have multicausal origin. The
most prevalent are lesions in which etiopatho genesis
involves cultural, educational and nutritional factors7.
According to the WHO, malocclusion takes third
place among oral diseases8. Simões8 defines
malocclusions as musculoskeletal growth problems
during childhood and adolescence, which may
produce aesthetic problems involving teeth and
face, as well as alterations in masticatory, phonation
and occlusal functions.Moreover, the appearance of
teeth deviating from the norm may stigmatize a
subject, who may be rejected in his/her peer group,
fostering a negative stereotype with adverse effect
on selfesteem. It may limit opportunities when
dental appearance is important, so that poor tooth
positioning may become an obstacle to career
aspirations and opportunities8. This points to the
need to consider the importance of malocclusions
in the context of subjects’ oral health and quality of
life8.
From the standpoint of public health, distribution
of malocclusions according to severity is important
because it enables priorities to be established. In
this regard, the Dental Aesthetic Index (DAI)
classifies malocclusion according to severity and
need for treatment. The DAI is a crosscultural,
universal, highly reproducible instrument which 
is very easy to use and therefore useful in
epidemiological studies9.
Full examination of the oral component should
include evaluation of the temporomandibular joint
(TMJ) in order that temporomandibular disorders
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(TMD) do not go unnoticed9. The WHO9 considers
the following criteria for evaluation of TMJ:
presence or absence of symptoms such as clicking,
pain or difficulty to open and close jaw once or
several times a week; signs of clicking, pain on
palpation of anterior temporal and masseter
muscles, and reduced jaw mobility (aperture less
than 30 mm).
TMDs include a complex, heterogeneous group of
alterations of clinical conditions which affect not
only TMJs, muscles involved in mandibular
movements, teeth and supporting structures, but
also cervical muscles and associated structures,
which cause nondental pain in the orofacial region,
limitation of mandibular movements and joint
noises such as crepitation and clicking. The etiology
of TMD signs and symptoms is multifactorial, with
a strong biopsychosocial component10. For proper
diagnosis, risk factors should be taken into account,
including occlusal interferences which can cause
repetitive muscle overloading, as well as psycholo 
gical conditions such as anxiety, frustration and
parafunctional habits (nail biting, bruxism)11.
The WHO9 has proposed the “oral health survey”
with the aim of providing sustainable, replicable
bases for evaluating the oral health needs of
populations in all regions. The survey provides a
systematic method for recording information on
oral component status and need for treatment
through oral and extraoral clinical examination
complemented by sociodemographic data, personal
and family background and whether the subjects
follow healthy habits.
The aim of this study was to analyze oral health status
in youths housed in socioeducational centers of the
Juvenile Penal Area of the Province of Córdoba,
Argentina through clinical evaluation, taking into
account the main sociodemographic data. The
description of the situation may contribute to the
creation of strategies for providing care for the needs
of this population.

MATERIALS AND METHODS
A descriptive crosssectional study was performed
on 70 14 to 18yearolds of both sexes who had
been living at socioeducational centers of the
Juvenile Penal Area of the Province of Córdoba for
at least six months, and signed their informed
consent. The study was conducted considering 
the guidelines of the Council for International

Organizations of Medical Science(CIOMS), which
establishes the guidelines for application of the
principles of the Declaration of Helsinki, adopted
by the World Medical Association in 1964 and
amended in 1975, 1983 and 1989. The work
protocol was approved by the Advisory Council of
the PhD Course at the School of Dentistry of
Córdoba National University (UNC) (Resolution
No. 284/2011.)
The WHO Oral Health Survey9 was used to determine
the oral component status of participating youths,
extended with the following dimensions: socio
demographic characteristics, use of psychoactive
substances, selfcare practices, dental chart and Löe
and Silness plaque index, validated in the context with
Cronbach’s Alpha coefficient, α= 0,74.
Clinical examination was performed by a single
operator (intrarater kappa reliability: 0.77), at a
dental office in the institution, using explorers and
periodontal probes. The WHO9 criteria were used
for diagnoses.
Data were processed using Infostat12 statistical
software.
Caries process was evaluated following the criteria
established in Bordoni et al.13Plaque index, SiC,
DMFT, CPI and DAI (Dental Aesthetic Index) were
calculated, and need for treatment determined in
each case9. The behavior of quantitative variables
is described using centralization and dispersion
measures: mean ± SD and median for discreet
variables. The behavior of qualitative variables is
described using Relative Frequency expressed as
percentages.
WS+DMFT (sum of teeth with presence of White
Spot and DMFT) was constructed as variable of
interest, as an indicator of teeth with caries clinical
disease in each patient. Values range from 0 to 32.
Multiple Correspondence Analysis (MCA) 
was applied to the following variables: use of
psychoactive substances, visits to the dentist,
head of family, subject’s level of education and
WS+DMFT.
Generalized Linear Models (GLM) were applied.
Fixed effect models were fitted. Penalized
likelihood criteria (AIC and BIC)14 were applied to
select the model. The explanatory variables
considered were classified as shown in Table 1. 
In order to establish the patterns of differences for
variables with significant effect on WS+DMFT,
multiple comparison test  DGC Test15 was applied.
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RESULTS
Sociodemographic characteristics
The study included 70 participants, 94% male and
6% female, 14 to 18 years old, mean age 16.91±1.11,
with 37% being 18 years old. Of these, 34% had
completed primary school, 69% resided in Córdoba
City, and 69% had informal job experience (Fig.1).

Participants in the study mostly came from nuclear
or singleparent families; only 1% lived at public
welfare institutions by judicial ruling. The head of
family was mother in 36%; with informal type
occupation in 67%. Thirtysix percent of the heads
of families had completed primary education (Fig.2). 
Ninetythree percent of the participants lived in
traditionally built housing; 90% had running water
provided by public utility and 81% had urban
transportation stopping near their homes (Fig. 3).

Unhealthy habits
Twenty percent of participants said they smoked 15
to 20 cigarettes a day, and 20% said they did not
smoke. Sixty percent drank alcohol on weekends,
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Table 1: Classification of variables*

Variables Categories

Psychoactive Joint/marijuana
substances Paco/cocaine/

mix-multiple use
None

Visit to dentist Public
Private
None

Head of household Father
Mother
Other

Schooling Illiterate/
Inc. primary/

complete primary
Inc. secondary/

complete secondary

WS+DMFT <10
≥10

(*)Own research

Fig. 1: Distribution of the study population according to
individual background.

Fig. 2: Distribution of the study population according to family
background.

Fig. 3: Distribution of the study population according to
housing, water supply and transport.
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at parties or social gatherings. Thirtyseven percent
used a mix of psychoactive substances (marijuana,
cocaine, pills) in a single event; and 47% used
psychoactive substances every day(Fig.4).

Healthy habits
Fortysix percent of participants said they ate four
meals a day; 29% ate only two meals a day, omitting
breakfast and afternoon snack. Sugar intake between
meals was more than four times a day in 71% of the
study population. Fortysix percent of participants
said they brushed their teeth every day and 36% said
they brushed their teeth in the morning (Fig.5).

Selfcare habits
Eightythree percent and 63% of participants said
they had at some time visited a physician and a
dentist, respectively. Reasons for the visits were pain
and infection in 69% for physicians and 80% for
dentists. For visits to a physician, 95% used public
institutions. For dental care, 23% used private dental

offices. Twentyone percent of participants said they
were covered by health insurance managed by
workers’ unions (obra social) (Fig. 6).

Clinicaldental assessment
Clinical inspection of the study population showed
“normal appearance” in the extraoral examination
(no ulceration, inflammation, erosion, fissures, lip
anomalies, oral cancer, among others)9for 89%.
Sixteen percent presented some temporomandibular
joint symptom, the main signs being clicking in
20% and pain in 19% (Fig.7).
Intraoral inspection of participants showed disorders
of the oral mucosa represented by cheilitis in 17%,
while the rest had normal appearance (Fig. 8).
As shown in Table 2, the mean value for DMFT
index was 8.94±4.75. The decayed component was
highest, with mean value 7.44±4.26. The degree of
severity was very high in 70% of the study
population, according to WHO criteria taken from
Bordoni et al.13 Fig. 9 shows distribution of enamel
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Fig. 4: Distribution of the study population
according to unhealthy habits.

Fig. 5: Distribution of the study population
according to healthy habits.

Fig. 6: Distribution of the study population
according to selfcare habits.
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lesions, caries and need for treatment in the study
population. Twentyone percent of the participants
had some alteration of dental enamel such as
opacity and hypoplasia, as well as white spot, and
67.14% needed rehabilitation treatment. 
Mean value for the Löe and Silness index was
0.33±0.12. Community periodontal index (CPI)
was consistent with gingivalperiodontal health
in 3% of participants. In the CPI category distri 
bution, 56% had dental calculus and 40% had
gingival hemorrhage (Fig.10). The data collected
in the survey section on anomalies of teeth and 

lips, according to the Dental
Aesthetic Index (DAI) criteria9,
enables dentition, spacing and
occlusion components to be ana 
lyzed separately or as a group.It
was found that 50% of the study
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Table 2: Mean and median of DMFT, it’s components 
and SIC*

Variable Mean ± SD Median

Teeth present in mouth 28.14 ± 4.53 28

DMFT 8.94 ± 4.75 9

SIC 14.26 ± 2.15 14

Decayed teeth 7.44 ± 4.26 7

Missing teeth 0.6 ± 0.91 0

Filled teeth 0.9 ± 1.97 0

(*) Own research

Fig. 7: Distribution of the study popu 
lation according to findings in extraoral
examination.

Fig. 8: Distribution of the study popu lation
according to disorders of the oral mucosa.

Fig. 9: Distribution of the population
according to enamel lesions, caries and
need for treatment.

Fig. 10: Distribution of the study popu 
lation according to according to the CPI.

Fig. 11: Distribution of the study popu lation
according to dentallabial anomalies.
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population did not have crowded teeth, 62% had
normal molar relationship, and 90% did not present
separation in incisor segments. Fiftythree percent
of the study population presented malocclusion,
with severe and very severe malocclusion in 17%,
according to the DAI categories (Fig.11).

Variables associated to caries clinical stages
Multiple Component Analysis groups youths whose
heads of family were neither father nor mother, and
who used psycho active substances, especially mari 
juana, had not visited a dentist and were illiterate/
primary schooled. Although WS+DMFT does not
provide an important discrimination measure, the
category >10 is located closer to this group (Fig. 12).
Another group includes subjects who did not use

psychoactive substances, had attended secondary
school, whose head of family was the father and who
had visited a dentist. 
Sequential hypothesis tests for fixed effects (Table 3)
determined that the following variables are regressors
to the model, with significant effect on WS+DMFT:
frequency of alcohol intake, use of psychoactive 
substances, frequency of sugar intake, need for pros
thesis, disorder of the mucosa, and enamel opacities/
hypoplasia. Covariates are plaque index and age.
Variables with significant effect on WS+DMFT
found by applying DGC are: use of psychoactive
substance, frequency of alcohol intake, frequency
of sugar intake between meals, disorders of mucosa,
enamel opacities and/or hypoplasia, and need for
prosthesis (Table 4).
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Fig. 12: Multiple correspondence analysis between WS+DMFT and sociodemographic variables, use habits and selfcare habits.

Table 3: Sequential hypothesis testing for fixed effects.

Df Deviance Resid. Df Resid. Dev Pr(>Chi)

NULL 69 301.42

Frequency of alcohol intake 1 8.17 68 293.25 0.0043

Use of psychoactive substances 2 12.86 66 280.4 0.0016

Frequency of sugar intake between meals 1 15.6 65 264.8 0.0001

Disorder of oral mucosa 1 15.38 64 249.42 0.0001

Enamel opacity/hypoplasia 1 24.48 63 224.94 <0.0001

Need for prosthesis 1 13.26 62 211.67 0.0003

Plaque index 1 15.05 61 196.63 0.0001

Age 1 13.4 60 183.23 0.0003
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DISCUSSION
The sociodemographic profile of the youths in
confinement who took part in this study was similar
to that in other studies conducted on youths who
had broken the law.
In our study population, sex was predominantly
male (94%), as in findings of studies conducted on
youth that had broken the law in Asturias (M: 90%;
F: 10%)16, and in 2012 in Mexico (M: 97.5%; 
F: 2.5%)17.
Although few local studies have been conducted on
this type of population to date, one study performed
in 2008 in the same context found a similar ratio
between sexes (M: 96%; F: 4%) 3.
This predominance of male sex may be related to
the construction of identity in males, which leads to
being on the streets, where they are exposed to
multiple risk factors. In Argentina, as in other parts
of the world, there are no groups of law breakers
made up exclusively of females, but rather, girls
take part in the role of collaborators3.
Although mean age (16.91±1.11) has not varied
substantially from findings in the year 2008 at the
same institution (16.42±0.82), there has been a
change in predominant age (mode). In the current
study, 37% of the youths were 18 years old, while
in the previous study, 42% were 16 years old3. To
date, we have no available information on potential
institutional or social factors that might explain this.
Other studies on youth in conflict with the law
report average age 15.5 years in Asturias16and 15
±1.83 years in Colombia18, while mean age in

Mexico was 18.05 years, with predominance (30%)
of 18 years17.
With regard to provenance of the youths in the study,
there was an increase in the proportion of residents
from the interior of Córdoba Province, Argentina,
compared to a previous study at the same centers3.
For level of schooling, youths in the current study
were found to have a higher level than that found 
in studies conducted on teenagers residing in 
the “Closed Regime Center” (Centro de Régimen
Cerrado) in Buenos Aires City and Units for young
adults run by the Federal Penitentiary Service in
2012, where 66% of the participants had not
completed primary schooling19.
Regarding jobs, our study found a high proportion
of youths with job experience (69%), as was true of
their parents, in contrast to the results found in
Buenos Aires for youths detained at closed centers
in 2012, (11% of the youths with job experience,
66% of mothers and 44% of fathers did not work) 20.
Job experience among these youths was informal,
and the activities they had performed were related to
construction, automobile mechanics, and delivery,
among others.
Predominant family organization in this study was
nuclear family, in contrast to the findings in the
same context in 2009, where the most frequent was
singleparent families. In both studies, however, the
mother acted as head of household3.
Our enquiries about the habits of participants were
always referred to their practices prior to entering
these socioeducational centers.
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Table 4: Variables which have a significant effect on WS+DMFT resulting from the application of DGC.

Variable Category PredLin S.E Mean S.E

Use of psychoactive substances Joint/marijuana -1.16 0.12 0.24 0.02 A
Paco/cocaine/mix -1.2 0.1 0.23 0.02 A

None -1.25 0.12 0.22 0.02 B

Frequency of alcohol intake Rarely/ never -1.03 0.11 0.26 0.02 A
Social/always -1.38 0.09 0.2 0.01 B

Frequency of sugar between meals Twice or more -1.02 0.08 0.26 0.02 A
Up to once -1.38 0.14 0.2 0.02 B

Disorder of mucosa YES -1.07 0.11 0.26 0.02 A
NO -1.33 0.09 0.21 0.01 B

Enamel opacity and/or hypoplasia YES -0.97 0.08 0.27 0.02 A
NO -1.43 0.13 0.19 0.02 B

Need for prosthesis YES -0.94 0.1 0.28 0.02 A
NO -1.46 0.01 0.19 0.02 B

Means with the same letter do not differ significantly (p˃0.05).
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With regard to unhealthy habits, the use of psycho 
active substances such as marijuana, cocaine,
psychopharmacological drugs and mix/multiple
drugs every day was lower in this study than the
rate reported by drugdependent youths before
entering rehabilitation programs in Córdoba City19. 
The Subregional Report on drug use in school
population, through a study conducted in 2007
showed a 35% prevalence of multiple drug use
and/or mix in Argentina21. These data are consistent
with our research, which found that multiple drug
use/mix was highest, with 37%, followed by
marijuana (30%). This reflects a strong tendency
towards multiple drug use which has already been
noted in other studies on drugdependent youths
undergoing rehabilitation19.
The frequencies found for use of tobacco (80%) and
alcohol (77%) in this study are much higher than
those in a study on minors who had broken the law
in the Principality of Asturias in 2012 (tobacco:
10.3%; alcohol: 16.4%)16. It should be noted that
use of alcohol was limited to social occasions and
weekends, and both alcohol and tobacco were used
more frequently by youths living outside Córdoba
City.The difference in the reports regarding these
habits between youths living inside and outside
Córdoba City is noteworthy, suggesting that it is
more difficult for youths living outside Córdoba
City to obtain psychoactive substances.
Use of psychoactive substances began at an early
age –12 to 14 years – which is younger than the age
observed in studies on drugdependent youths19.
This may be because youths in the current study
perceived no barriers to access to these substances,
and the use of marijuana was deemed natural in their
reports of smoking a “joint” every day, in agreement
with observations from other studies on adolescents
in Córdoba, Argentina22. The youths considered
smoking a joint to be similar to smoking a cigarette,
and distinguished it from other psychoactive
substances, such as cocaine (which they referred to
as “drug”) and pills. They distinguished the effects
of each and explained multiple use by the need to
counteract some of the effects. Alcohol was drunk
at social gatherings or parties and often combined
with other substances. In their current situation of
confinement, tobacco was smoked a lot and helpful
at times of anxiety and boredom. 
With regard to healthy and selfcare habits prior to
entering the institutions (Fig. 5), four meals a day

were reported with the greatest frequency. When
fewer meals a daywere reported, breakfast and
afternoon snack were omitted.
Our study showed that youths’ oraldental care
habits (tooth brushing) were more deficient than
those observed in Chile23; in Asunción, Paraguay
among 14to 16year olds at schools during 201524;
and in Spain among 2 to 15yearolds from June
2006 to June 200723. Sugar intake between meals
was lower than among children and youths in Spain
(89.03%)25; and higher than among 12 to 14year
olds in Venezuela (53.3%) in 201126.
For visits to the dentist, the youths in the current study
reported a similar frequency for use of oraldental
health care services as children and adolescents in
Spain25, and lower frequency than in the Community
of Valencia, Spain, in 2004, where the main reason
for visiting a dentist is pain/ infection27.
With regard to extraoral examination, the population
in the current study showed prevalence of “some
temporomandibular joint (TMJ) symptom” in 16%,
which is worse than the rate found in studies 
on a population of over 18 years of age in the
Municipality Trinidad (1.3%) in 201011; and better
than the rate found in a study in Uruguay on 15 to
39year olds undergoing treatment for problematic
drug use28. The predominant signs in our study were
prevalence of pain and clicking, which was not as
bad as rates found in studies on 13 to 18year old
students in Temuco, Chile, who presented joint noise
(F: 35.6%; M: 40.4%) and periauricular pain (F:
20.3%; M: 3.5%)10. Clicking and pain of the
temporomandibular joint were worse in a group 
of drugdependent youths (25.71%, 14.28%) in
Córdoba City29. Alterations in children are mostly
mild, while in adolescents they reach 75.8%, with
clicking being the only sign30. Pain has greater
predominance in females than males31and during
puberty and middle age than in old age and young
childhood10.
Intraoral examination in this study showed that 11%
of the youths had disorders of the oral mucosa, a
rate somewhat higher than that found in pediatric
patients, among whom 7.4% presented lesions15.
The rate of stomatological lesions was similar in
youths from peripheral urban schools and drug
dependent youths from the Cambio Program
(34.48% and 31.43%, respectively), but differed
from the 25.86% in youths from Córdoba City
center schools29.
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The DMFT values found in this study (DMFT =
8.94 ± 4.75) are similar to those found in drug
dependent youths in Córdoba (7.14±5.01)29. This
value shows a population with high risk of caries,
according to WHO criteria9 and these results are far
from the millennium goals proposed by different
Latin American institutions, which aim for DMFT
1 to 2.9 for 2015 in Latin America32.
Significant Caries Index (SiC = 14.26±2.15) in our
study population was similar to that in a group of
drugdependent youths in the Cambio Program
(12.91±2.87), and twice as high as the index for
youths from schools in central and marginal
Córdoba City, 7.45±2.60; 7.20±2.44, respectively29;
and for adolescents and young adults in Mexico33.
This information showed that the group at highest
risk had DMFT index values which were twice 
as high as those observed in the whole sample,
suggesting the need for greater and better monitoring
of this group and implementation of programs at all
three levels of healthcare. 
Our study found 21% prevalence for presence of white
spot (0.49±1.19), which was only half as much as the
percentage for drugdependent youths undergoing
recovery (49.18%) in Córdoba, Argentina34; and
lower than the mean values recorded in comparative
studies on youths attending preuniversity school
(2.56±4.8), peripheral urban school (2.82±4.73) and
drug recovery program (4.5±5.9) in Córdoba,
Argentina29. This may be related to differing
individual diagnostic criteria. On the other hand, this
low frequency for white spot in youths in confinement
may be related to the incorporation of oral hygiene
habits upon entering these institutions.
In the current study, 79% of the youths presented
some structural alteration of enamel (opacity and/or
hypoplasia), which was higher than the value found
in a study on 6 to 17yearold schoolchildren
(39.8%) in Cuba35. These alterations occur during
the dental enamel formation stage and may be
associated to different local, systemic and hereditary
factors.The different causes these youths have been
exposed to may be related to physical conditions
and eating habits, among others, of their mothers
during pregnancy;infections and local trauma to
teeth; hypocalcemia, high fever, allergies, prenatal
and perinatal diseases, and nutritional deficiencies
suffered by these youths. 
With regard to prevalence of periodontal pathologies,
the community periodontal index showed low

prevalence of the status compatible with gingival
periodontal health in youths in this study, and no
data were recorded indicating advanced stages of
periodontal disease. Indices for presence of plaque
were low, in contrast to those found in studies 
on drugdependent youths in Córdoba City19.
Frequency of gingival bleeding is somewhat higher
than values found in studies on 11 to 15yearolds
(37.5%) in Cuba35. These differences may be related
to different factors such as examination conditions
issued by the WHO9, where a lower number of teeth
is recorded in subjects 20 years of age, and in
subjects under 15 years old, loss of insertion should
not be recorded, and only hemorrhage and calculus
should be considered. This situation of gingival
periodontal health may be related to the way in
which these youths perform their oral hygiene,
suggesting the possibility of implementing promo 
tional and preventive actions.
Prevalence of malocclusion in this study was 53%,
similar to the value found in youths in the drug
rehabilitation program (57.71%), and better than in
youths at a peripheral urban school (65.62%) but
worse than in youths at schools in central Córdoba
City29 and in studies conducted in Uruguay (33.8%)
36. Dental Aesthetic Index (DAI) showed prevalence
of malocclusions (MO) where the highest frequency
was represented by youths without alterations or
with slight malocclusion, while the proportion with
very serious malocclusion was smaller. These 
data are higher than those from the previously
mentioned study36 regardingdefined MO:18.8%,
severe 6.49% and very severe 8.54%; while it is
higher than normal occlusion with 66.2%. These
results show a more adverse malocclusion situation
amont the participants in our study.
The factors found in this study which are related to
presence of caries lesions are: head of household
role not filled by father or mother, use of psychoactive
substances/marijuana, not visiting the dentist and
schooling level illiterate/primary school. As in other
studies37, the results reinforce the idea of the effect
of psychoactive substances on caries lesions in their
different stages (WS+DMFT>10).
In contrast to the results of a binary logistic regression
multivariate analysis applied to a population of 6 to
12yearold children in Mexico37 which showed risk
of caries presence associated to a study zone (city or
greater city) and mother’s schooling, in our study, use
of psychoactive substances, frequency of alcohol

138 María M. Barnetche, et al.

Acta Odontol. Latinoam. 2017 ISSN 1852-4834 Vol. 30 Nº 3 / 2017 / 129-140

AOL32017:32011  18/04/2018  10:39  Página 138



intake, frequency of sugar intake between meals,
disorder of the mucosa, need for prosthesis, enamel
opacity/ hypoplasia and the covariates plaque index
and age are explanatory variables that arise from
applying the generalized linear statistic model.
These differences may be consistent with the
difference in ages considered in these studies. As
age increases, various lifestylerelated factors and
anatomicalphysiological conditions appear which
are responsible for interactions and particular
synergy that may affect the presentation of different
stages of caries. 
Some authors have explained the association of
psychoactive substance and alcohol use with
pathologies of the oral component38.

Sociocultural and demographic characteristics
detected in the study group reflect conditions of
social, educational and health vulnerability, which
interfere with subjects’ inclusion in the productive
system and their access to better living conditions.
The clinical profile of youths in confinement showed
marked prevalence of the very high level of severity
of caries, gingival disease and malocclusion, but not
initial stages of caries, enamel alterations and
temporomandibular dysfunction. The DMFT and
SiC indexes showed high severity in youths in our
study, a situation which they do not recognize as
harm or risk, there by generating a major difference
between the reality measured and the selfimage of
these youths.
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RESUMEN
El objetivo de este estudio fue evaluar el impacto del cloruro de
benzalconio al 10% en peso del peso (TBBAC) o de cloruro de
cetilpiridinio al 10% del peso (TBCPC) con propiedades
antimicrobianas presentes en el adhesivo acondicionador
ortodóncico, Transbond XT ™ (TB). La actividad antimi 
crobiana se evaluó usando una zona de prueba de difusión de
inhibición y la liberación de los compuestos antimicrobianos se
controló mediante cromatografía líquida de alta resolución
(HPLC). La resistencia de adhesión al corte (SBS) se probó
usando esmalte bovino. Las muestras control, TB no lograron
demostrar actividad antibacteriana intrínseca a 1, 7 y 14 días;
mientras que TBBAC y TBCPC mostraron efectos antibac 
terianos en todo momento. El análisis por HPLC no indicó

diferencias significativas en el comportamiento de liberación de
TBBAC y TBCPC (prueba t, p> 0,05), excepto en la liberación
a los 7 días que fue más alta para TBBAC (p <0,05). A los 14
días, los grados de liberación fueron de 27 ± 2% y de 25 ± 
5% de la carga inicial total para TBBAC y TBCPC,
respectivamente. La incorpora ción de 10% en peso de BAC o
CPC en el imprimador adhesivo Transbond XT ™ también dio
como resultado una resistencia superior corte a los 7 y 14 días
(Fisher’s LSD, p <0.05) sin cambios significativos en el modo
de falla del bracket bajo tensión de corte (Pearson’s chi
cuadrado, p> 0.05).

Palabras clave: Agentes antibacterianos; Cloruro de banzalconio
Cloruro de Cetilpiridinio; Acondicionador autoadhesivo.

INTRODUCTION
It is well documented in the literature that orthodontic
appliances may cause the demineralisation of
enamel during fixed orthodontic treatment
procedures13. It is difficult, particularly for young
patients, to remove the plaque around the brackets

which increases the risk of further cariogenic
bacterial accumulation, white spot lesions and
subsequent cavitated caries13. To address these
problems, various strategies have been employed
to inhibit bacterial activity in the vicinity of
orthodontic brackets. These include the application
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the release of the antimicrobial compounds was monitored by high
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of fluoridereleasing luting materials, topical fluoride
therapy and the incorporation of antibacterial agents
in toothpastes, gels and mouthwashes46. 
In addition, the direct incorporation of antimicro 
bial compounds into orthodontic bonding materials,
such as glass ionomers, zinc polycarboxylates and
adhesive resins, is a subject of increasing interest78.
A number of studies has indicated that a variety of
antimicrobial compounds is effective in enhancing
the antimicrobial character of these bonding materials,
including chlorhexidine (CHX)9, cetylpyridinium
chloride (CPC)10, cetrimide11 and benzalkonium
chloride (BAC)12. Among the most popular anti 
microbial agents in these applications are the
quaternary ammonium salts (i.e. CPC and BAC). 
The aim of this study was to investigate the impact
of either 10 wt% benzalkonium chloride (BAC) or
10 wt% cetylpyridinium chloride (CPC) in the light
cured acrylatebased orthodontic adhesive primer,
Transbond XT™ (3M, USA). The anti microbial
activities of the unmodified primer and of that
admixed with BAC or CPC were compared using an
inhibition zone assay with Streptococcus mutans.
The in vitro release profiles of BAC and CPC from
the admixed primer were monitored at 1, 7 and 14
days by high performance liquid chromatography
(HPLC). The impact of lixiviation during component
release on the integrity and texture of the primer was
observed by scanning electron microscopy (SEM)
and potential chemical interactions between the
components of the primer and the quaternary
ammonium compounds were investigated by Fourier
transform infrared spectroscopy (FTIR). The shear
bond strengths (SBS) of orthodontic brackets bonded
to bovine enamel conditioned with the modified and
unmodified primer, and the corresponding adhesive
remnant indices (ARI), were compared at 1, 7 and
14 days. 

MATERIALS AND METHODS
Sample preparation
This study employed a commercial lightcured
orthodontic adhesive primer, (Transbond XTTM

primer (code 712034), 3M, CA, USA), which is
principally composed of 45 – 55% triethylene
glycol dimethacrylate and 45 – 55% bisphenol A
diglycidyl ether dimethacrylate13. The antimicrobial
compounds used were cetylpyridinium chloride
(CPC) and benzalkonium chloride (BAC) powders
(Sigma Aldrich, UK). 

Sample discs (5 mm diameter x 1 mm depth) of the
unmodified Transbond™ primer were produced
according to the manufacturer’s instructions by
placing the liquid primer in polypropylene moulds
and lightcuring for 10 seconds (HiLux, LEDMAX,
Europe). Sample discs incorporating antimicrobial
compounds were prepared by manually premixing
either 10 wt% of BAC powder or 10 wt% of CPC
powder with the liquid primer on a polypropylene
surface with a metal spatula for approximately 1
minute until the powder had dissolved. The
admixed liquids were then placed in polypropylene
moulds and lightcured (as described above). All
lightcured samples were stored in the dark for 
a maximum of 2 days in hermetically sealed
polypropylene tubes until required. Unmodified
Transbond™ primer samples were labelled ‘TB’
and those admixed with BAC and CPC were
labelled TBBAC and TBCPC, respectively.

Zone of inhibition agar diffusion test
The antibacterial activities of the cured specimens
(TB, TBBAC and TBCPC) against Streptococcus
mutans were assessed by the KirbyBauer zone of
inhibition agar diffusion test14,15. The S. mutans was
initially cultured on blood agar (Merck, Darmstadt,
Germany) at 37 °C for 24 hours in 5% CO2. Single
colonies from the plates were transferred to BHI
broth (Merck, Darmstadt, Germany) and incubated
at 37 °C for 24 hours. McFarland 0.5 turbidity tubes
were used to prepare a suspension of the strain in
phosphate buffer solution, at approximately 1.5 x
108 cfu cm3, which was then floodinoculated onto
the surface of BHI agar plates. The discshaped
specimens for the TB control (n = 3), TBBAC 
(n = 3) and TBCPC (n = 3) were placed on the
spread plates which were further incubated at 37 °C
for 24 hours. The plates were then inspected for
clear zones around the specimen discs which were
measured at 3 different points. The discs were then
transferred to freshly prepared test agar plates and
stored at 2 – 4 °C. The inhibition zone agar diffusion
procedures were then repeated at 7 and 14 days to
appraise the ongoing antimicrobial activity of the
specimens. 

Release of antimicrobial compounds
One cured sample disc of either TB, TBBAC or
TBCPC was placed in 5 cm3 of deionised water in
a 15 cm3 screwcapped polypropylene centrifuge
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tube and stored at 37 °C. Each sample type was
prepared in triplicate. After 1, 7 and 14 days, 0.1
cm3 of the supernatant liquor was removed for
HPLC analysis. 
Concentrations of released cetylpyridinium ions
were determined by HPLC using an Agilent 1200
series chromatograph fitted with a reversephase 
C18 Primsep column of 150 mm in length and 4.60
mm in diameter. A total volume of 20 μl were
injected into the instrument at a flow rate of 1.0 cm3

min1, with an isochratic mobile phase consisting of
55:45 acetonitrile:water with an added drop of
concentrated sulphuric acid. Detection was by means
of a variable wavelength detector set to 259 nm. 
Concentrations of released benzalkonium ions were
determined by HPLC using an Agilent 1200 series
chromatograph fitted with a reversephase C18
Kromasil column of 150 mm in length and 4.60 mm
in diameter. A total volume of 20 μl were injected
into the instrument at a flow rate of 1.0 cm3 min1,
with an isochratic mobile phase consisting of 55:45
acetonitrile:water with an added drop of glacial
acetic acid. Detection was by means of a variable
wavelength detector set to 254 nm. 

Scanning electron microscopy
Secondary electron images of the surfaces of 
the TB, TBBAC and TBCPC discs prior to and
following immersion in 5 cm3 of distilled water 
for 14 days at 37 °C were obtained from uncoated
samples attached to carbon tabs on a JEOL
(Welwyn Garden City, UK) JSM5410 LV electron
microscope with an Oxford Instruments (Oxford,
UK) XMaxN EDX detector in low vacuum mode.
All images were obtained with an accelerating
voltage of 1.0 kV at a working distance of 21 mm
and a magnification of x100.

FTIR spectroscopy
FTIR spectra of the unset Transbond XT™ adhesive
primer solution and of the cured TB, TBBAC 
and TBCPC discs were obtained in triplicate 
using a Perkin Elmer (MA, USA) Spectrum Two
spectrometer with a Universal Diamond attenuated
total reflectance attachment. Spectra were recorded
with 16 accumulated scans between 4000 cm1 and
450 cm1 wavenumbers at a resolution of 4 cm1. 
The degree of conversion (DC) was estimated by
comparing the ratios of the intensities of the FTIR
peaks for the reactive polymerising C=C bond (at

1639 cm1) and the unreactive C=O bond (at 1717
cm1) in the cured polymer and monomer using the
following equation16:

DC = (1 [   ([C = C] in polymer / ([C = 0] in polymer)     ]) x 100%
([C = C] in monomer / ([C = 0] in monomer) 

Shear bond strength analysis
Ninety freshly extracted permanent mandibular
bovine incisors with no visible imperfections were
used for shear bond strength analysis. The root
portion of each tooth was embedded in a 3 cm
diameter cylinder of dental acrylic (Orthocryl,
Dentarium, Ispringen, Germany) such that the
buccal surfaces could be positioned parallel to the
applied shear force. The buccal surfaces were
polished with pumice, rinsed with water spray, air
dried, etched with 37% phosphoric acid (Super
Etch, SDI, Australia) for 30 seconds, and again,
rinsed and dried. 
Unmodified Transbond XT™ adhesive primer (TB,
n = 30) and the primer modified with either 10 wt%
of BAC (TBBAC, n = 30) or 10 wt% of CPC 
(TBCPC, n = 30) were individually applied to the
etched buccal surfaces of the teeth in accordance
with the manufacturer’s instructions. An Ormco
mini 2000 metallic orthodontic premolar bracket
(Ormco Corp., CA, USA) with 9.63 mm2 base area
was bonded to each tooth with Transbond™
adhesive (3M, CA, USA), via lightcuring for 20 s
(HiLux, LEDMAX, Europe). The brackets were
positioned with orthodontic tweezers and excess
adhesive was removed with a sharp scaler prior to
curing. All samples were then stored in distilled
water at room temperature until required for shear
bond analysis. Ten of each sampletype (TB, TB
BAC and TBCPC) were subjected to shear bond
testing at 1, 7 and 14 days using a universal testing
machine (Instrom Corp., MA, USA) with a shear
force blade at a crosshead speed of 1 mm min1 in
the occlusogingival direction. The results of each
test were obtained as a force (N) which was then
converted to a pressure (MPa). 
The mode of bond failure was determined by
observation using a stereomicroscope (Nikon,
Tokyo, Japan) at x20 magnification. The failure
sites on the tooth surface were classified according
to their adhesive remnant index (ARI) score: 0 = no
remaining adhesive; 1 = less than half of the
adhesive remaining; 2 = more than half of the
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adhesive remaining; and 3 = all of the adhesive
remaining on the enamel with a distinct impression
of the bracket mesh17. 

Statistical analysis
Statistical analysis was performed with SPSS v17.0
for Windows (SPSS Inc., Chicago, USA) software.
The comparison of the experimental groups for the
agar diffusion and HPLC analyses at each time
interval were carried out using the Mann Whitney
U test and the Student’s ttest, respectively, at 
a significance level of p < 0.05. The normal
distribution of the shear bond strength data was
confirmed using the Shapiro Wilk test, and these
data for each group were compared using a two
way ANOVA and Fisher’s LSD test at a significance
level of p < 0.05. The Pearson’s chisquared test
was used to compare the ARI scores among the
groups at each time period. 

RESULTS
During manual mixing with a metal spatula on a
polypropylene surface, both 10 wt% BAC and 10
wt% CPC were visually observed to dissolve in the
Transbond™ primer within one minute. The
incorporation of these antimicrobial compounds did

not visibly appear to adversely affect the light
curing of the primer. 
The zone of inhibition data for the control TB and
experimental TBBAC and TBCPC specimens are
listed in Table 1. The control TB specimens failed
to demonstrate any antimicrobial activity against S.
mutans throughout the duration of the study. Both
BAC and CPC were observed to confer sustained
antimicrobial character to the Transbond™ primer
throughout the 14day period. The incorporation 
of BAC into the adhesive primer resulted in
significantly higher antibacterial activity (p < 0.05)
compared with that of CPC at all times. In both
cases, the extent of the antimicrobial activity was
generally seen to diminish as a function of time. 
The concentrations of the antimicrobial compounds
released from the admixed Transbond™ primer
samples into deionised water at 1, 7 and 14 days are
listed in Table 2. Within the 14day period, the total
release of the antimicrobial compounds from TB
BAC and TBCPC were, respectively, 27 ± 2% and
25 ± 5% of the total initial loading (as shown in 
Fig. 1). HPLC analysis indicated no statistically
significant differences in the cumulative release
behaviour of TBBAC and TBCPC (p > 0.05), with
the exception of the release at 7 days (p < 0.05)
which was higher for sample TBBAC. 
SEM analysis (not shown) of samples TB, TBBAC
and TBCPC prior to and following exposure 
to distilled water indicates that the flat feature 
less surfaces of the Transbond™ primer remain
unchanged after immersion in water for 14 days.
The absence of voids or changes in texture confirms
that the release of the added BAC and CPC from
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Table 1: Median (and range) zone of inhibition data 
for TB, TB-BAC and TB-CPC

Zone of Inhibition (mm)

Sample Day 1 Day 7 Day 14

TB 0 0 0

TB-BAC 17 (16-18)A 15 (13-15)A 13 (12-13)A

TB-CPC 13 (12-13)B 10 (9-11)B 10 (9-10)B

*In each column, different capital letters indicate significant differences
between the groups (p < 0.05)

Table 2: Cumulative release of the antimicrobial 
quaternary ammonium compounds

Concentration of antimicrobial quaternary
ammonium compounds

Mean ± Standard deviation (ppm)

Sample Day 1 Day 7 Day 14

TB-BAC 52.0 ± 4.1A 196.0 ± 14.0A 212.1 ± 12.0A

TB-CPC 62.3 ± 8.5A 111.0 ± 12.8B 187.1 ± 42.5A

*In each column, different capital letters indicate significant differences 
between the groups (p < 0.05) whereas the same letters indicate no
significant differences (p > 0.05).

Fig. 1: Cumulative release of the antimicrobial quaternary
ammonium compounds.
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the primer does not impair the physical integrity of
the resin. 
The FTIR spectra of the monomeric Transbond™
primer solution, the antimicrobial agents (BAC and
CPC), and the lightcured polymerised resins (TB,
TBBAC and TBCPC) are shown in Fig. 2. The
corresponding functional group assignments are
given in Table 318. According to the manufacturer’s
safety data sheet (13), Transbond™ primer comprises
a mixture of triethylene glycol dimethacrylate,
bisphenol A diglycidyl ether dimethacrylate,
triphenylantimony, 4(dimethylamino) benzeneethanol,
DLcamphorquinone and hydroquinone. Present 
in these monomers are carboxylic acid, amine,
carbonyl, alkane, alkene, aromatic and ether groups.
All of these functional groups appear in the FTIR
spectra of both the unset Transbond™ solution and
lightcured polymerised discs (as indicated in Fig. 2
and Table 3). 
The degree of conversion of lightcured acrylate
based resins is defined as the percentage of acrylate
C=C groups from the various monomers which have
undergone polymerisation16. Analysis of the FTIR
spectra of the unset and lightcured Transbond™
primer indicated that this material achieved a degree
of conversion of 52 ± 2% under the selected
experimental conditions. It is not possible to estimate
the extent of polymerisation of the primer in the
presence of the antimicrobial agents, as their
vibrational bands are concurrent with the carbonyl
and acrylate bands of the primer. No new bands
appear and none of the original bands is shifted by
the incorporation of BAC or CPC in the primer,
indicating that there is no direct chemical interaction
between the antimicrobial agents and the components
of the Transbond™ primer. 
Shear bond strength (SBS) data for samples TB, TB
BAC and TBCPC as functions of storage time in
distilled water are given in Table 4. The initial 1day
SBS of the unmodified TB control sample was found
to be significantly higher than its subsequent values
at 7 and 14 days. The incorporation of either BAC or
CPC in the primer did not have an impact on the 1
day SBS values relative to that of the unmodified
control; although, after 7 and 14 days, both modified
samples exhibited significantly higher bond
strengths than those of the control. The initial 1day
SBS of TBBAC was higher than that of TBCPC;
and there was found to be no difference between the
two modified materials at the later time points. 
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Table 3: FTIR assignments of major bands present 
in TB, BAC and CPC18

Assignment TB (cm-1) BAC  (cm-1) CPC (cm-1)

C-H bend 830 725, 703 690

C-H bend 884 786 715

C-H bend 937 985, 906 817, 785

C-O stretch 1251, 1160

C-O stretch 1316, 1294

C-N stretch 1127, 1043 1181

C-H bend 1375

C-H bend 1408 1455 1473

C=C aromatic 1511 1620

C=C stretch 1639, 1612

C=N stretch 1639

C=O stretching 1712

C-H stretching 2856 2851

C-H stretching 2920 2925 2911

OH stretching 3480 3381

Fig. 2: FTIR spectra of cured and uncured TB, BAC, TBBAC,
CPC and TBCPC. 
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The frequency distribution data for the ARI scores
for samples TB, TBBAC and TBCPC as functions
of storage time in distilled water are listed in Table 5.
Differences in the median scores were observed
among the groups, but, statistically, these differences
were not found to be significant. These ARI data
indicate that the incorporation of either BAC or CPC
in Transbond™ primer has no impact on the mode
of bracket failure under applied shear force. 

DISCUSSION
Plaque accumulation around fixed orthodontic
appliances is not easily removed by the patient 
and may cause enamel demineralisation, gingival
inflammation and bracket debonding13. Currently,
the majority of commercial orthodontic primers,
adhesives and luting agents exhibit limited or 
no intrinsic defence against bacterial accumu la 
tion810,14,15. One strategy to address this problem is the
direct incorporation of antimicrobial compounds
into these bonding agents810,14,15. In this respect,
broadspectrum antimicrobial cationic quaternary

ammonium compounds (QACs) are popular 
can didates. These compounds can be intro 
duced either as a polymerisable monomer 
(e.g. methacryloyloxydodecylpyridinium bromide
(MDPB)) which is permanently incorporated into
the polymer matrix of the bonding agent19, or as an
admixed component which is able to be released
during service (e.g. benzalkonium chloride (BAC)
and cetylpyridinium chloride (CPC))10,12. 
A number of studies has indicated that the addition
of between 1 and 10 wt% BAC or CPC to
orthodontic bonding agents such as glass ionomers,
zinc polycarboxylates and methacrylatebased
resins can confer enhanced broadspectrum
antimicrobial characteristics against cariogenic
bacteria10,12. However, there are also reports that
these compounds can compromise the mechanical
properties and bond strengths of these systems20,21.
In this current study, the antimicrobial compounds,
BAC and CPC, were added to the adhesive primer
in order to circumvent potential problems arising
from the diminished mechanical integrity of the
luting material. In addition, it is considered that the
sustained release of antimicrobial compounds from
the primer which is in direct contact with the enamel
surface may be advantageous against bacterial
accumulation in the immediate vicinity of the
contacting surfaces. 
During this investigation Transbond™ primer
exhibited no intrinsic microbial resistance to 
S. mutans under the selected experimental
conditions during the zone of inhibition agar
diffusion test (Table 1). The literature contains few,
yet conflicting, reports of the intrinsic antimicrobial
properties of Transbond XT™ primer in vitro.
Research by Çatalbaş et al.9 suggests that
Transbond XT™ affords microbial resistance to 
S. mutans; although, the common consensus is that it
possesses negligible inherent antimicrobial activity
against this microorganism10,22. The findings of the
current study concur with this latter viewpoint. It
should be noted that, the semiquantitative zone of
inhibition agar diffusion tests are not standardised,
and that different experimental parameters (e.g.
concentration of colony forming units, bacterial
strain, incubation time, sample dimensions, type of
growth medium and agar) impact upon the apparent
antimicrobial activities of materials in vitro. 
In a previous study, AlMusallam et al.10 demonstrated
that the addition of 10 wt% CPC to the Transbond
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Table 4: Shear bond strength data for TB, TB-BAC 
and TB-CPC

Shear Bond Strength (MPa)

Sample Day 1 Day 7 Day 14

TB 21.08 ± 4.51A,B 13.76 ± 8.67A 12.55 ± 4.87A

TB-BAC 23.51 ± 3.46B 19.63 ± 5.85B 24.51 ± 7.18B

TB-CPC 17.97 ± 4.21A 20.09 ± 3.99B 20.73 ± 6.45B

*In each column, different capital letters indicate significant differences 
between the groups (p<0.05) whereas the same letters indicate no 
significant differences (p>0.05).

Table 5: Distribution of adhesive remnant index 
scores for TB, TB-BAC and TB-CPC

Sample (n=10) Frequency (and range) of ARI scores

Sample Day 1 Day 7 Day 14

0   1   2   3 0   1   2   3 0   1   2   3

TB 2   4   2   2 4   1   1   4 2   2   4   2

Median (Range) 1 (0-3) 1.5 (0-3) 2 (0-3)

TB-BAC 0   6   3   1 1   3   3   3 2   4   2   2

Median (Range) 1 (1-3) 2 (0-3) 1 (0-3)

TB-CPC 1   2   7   0 1   6   2   1 1   6   2   1

Median (Range) 2 (0-2) 1 (0-3) 1 (0-3)

p 0.147 0.145 0.704
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XT™ primer effected sustained release and
antimicrobial activity against S. mutans throughout
a 196day observation period. The 14day CPC
release behaviour and antimicrobial activity of the
TBCPC system observed in the present study
confirm these findings. The current study also
indicates that BAC may be a more potent
antimicrobial agent than CPC in the inhibition of S.
mutans when incorporated into the Transbond
XT™ primer, since the clear zones around TBBAC
were significantly greater than those around TB
CPC even though there was little difference between
the release profiles of the two antimicrobial agents. 
The ongoing integrity and adhesive strength 
of modified bonding systems is of paramount clinical
importance to the successful longterm functionality
of fixed orthodontic appliances. In vitro shear bond
strength analysis using bovine enamel is a convenient
and commonly employed method to compare
orthodontic adhesive systems23. A number of studies
has indicated significant differences between the
SBS of human and bovine enamel, which appear to
depend predominantly upon the method of enamel
preparation, the nature of the adhesive system and
the storage regime2325. However, in many cases, for
a given experimental procedure, a proportional
relationship is reported between the SBS of human
and bovine enamel which supports the use of bovine
teeth as a relative proxy for human teeth in
orthodontic adhesive bonding studies24,25. It should
be noted that there is some evidence to indicate a
relationship between in vitro bond strength and the
longevity of orthodontic restorations; although, at
present, in vitro SBS tests cannot be used for direct
predictions of clinical outcomes26,27. 
As previously mentioned, the incorporation 
of antimicrobial QACs can have a deleterious

impact on the mechanical properties and bonding
strengths of orthodontic cements and adhesives20,21.
Furthermore, the incorporation of additives and
modifications to orthodontic adhesives that increase
the ARI score are generally regarded as unfavourable
with respect to the ease and safety of removal of the
residual resin remnants after debonding28. The shear
bond strength analysis carried out in this study
indicated that after 7 and 14 days, both modified
Transbond XT™ primer samples exhibited
significantly higher SBS values than those of the
control, despite the sustained release of the QACs
from the resin matrix (Table 4). In this case, the
improvement in SBS on addition of 10 wt% 
of either BAC or CPC was accompanied by no
significant change in the mode of bracket failure
under shear force (Table 5).
It is argued that polymerisable QAC monomers that
are permanently immobilised within the adhesive
resin matrix generally exhibit lower bactericidal
efficacy than their ‘free’ QAC antimicrobial
counterparts29. In addition, permanently incorpo 
rated QACs may provide defence against biofilm
formation on the resin surface, but they do not
afford any sustained release of antimicrobial agents
in the vicinity of the enamel. Hence, the direct
incorporation of cheap ‘over the counter’ QAC
compounds, such as BAC and CPC, offers
clinicians a costeffective, convenient method for
enhancing the antimicrobial characteristics of
orthodontic adhesives. In this respect, the
incorporation of 10 wt% BAC or CPC in Transbond
XT™ adhesive primer has been shown to confer
significant antibacterial activity, sustained release
and superior shear bond strength with no significant
change in the mode of bracket failure under shear
stress. 
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On November 9, 10, and 11, the 50th Annual Meeting of the Argentine Society for Dental
Research (SAIO), the Argentine Division of the IADR, was held in San Nicolás de los Arroyos,
Buenos Aires Province. Three hundred and twenty participants, including researchers, graduate
students, and alumni attended the meeting.

The Golden Anniversary meeting was held in memory of Prof Dr. Rómulo
Luis Cabrini, founding member and honorary president of the Fiftieth
Annual Meeting of the Argentine Society for Dental Research (SAIO), 
Dr. Héctor Eduardo Lanfranchi Tizeira, and Dr. Carlos Eduardo Bozzini.

During the three days of the meeting, we shared a number of activities
including conferences, discussion tables and groups, and oral and poster
sessions in which 205 research works were presented.

On this occasion, the meeting also hosted the Latin American Board Meeting. We were honored
by the presence of Dr. Christopher Fox, Executive Director of the IADR; Dr. Rena D´Souza, Vice-
President elect of the IADR; Dr. Jaime Castellano Parra, Regional President; Dr. Gabriel Sánchez,
Regional Executive Director; as well as representatives from the Divisions and Sections of
Regional member countries: Dr. Susana L. Molgatini and Dr. Aldo Squassi (Argentina), 
Dr. Stefania Martignon (Colombia), Dr. Gina Murillo (Costa Rica), Dr. María del Carmen Pareja
(Peru), Dr. Cecilia Salvador (Ecuador), Drs. Sylvia Piovesan and Inés Salveraglio (Uruguay), 
Dr. Carlos Francci (Brazil), and Dr. Erick Dreyer (Chile).

Special features of the 50th Anniversary meeting included the following conferences:
• “Future Trends in Dental Research”. Christopher Fox
• “Novel therapies for the treatment of craniofacial disorders”. Rena N D´Souza
• “Challenges in Zika virus Diagnosis. Could saliva be useful?”. Jaime Castellanos
• IADR Posters: “How to achieve excellence in oral and visual communication”. 

Gabriel Sánchez

A highlight of the meeting was the appointment of Drs. Rosa M. Alippi, Carlos E. Bozzini, Héctor
E. Lanfranchi Tizeira as Honorary Members, and Dr. Clelia Reynoso as Life Member.

The following prizes and fellowships were awarded:
Unilever Division Travel Award, Colgate - Palmolive Award for Clinical Science Professionals,
Colgate - Palmolive Award for Basic Science Professionals, “María Ines Egozcue” Award, Oral
Health Award, “Rodolfo Erausquin” Award, National Academy of Dentistry Award, Prof. Dr. H.
Maddalena Award, Orthodontics Group Award, and Scozzarro Award.
LAR with IADR Executive Director.
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The Editorial Committee of the Acta Odontológica Latinoamericana met with SAIO members
during the event.

Opening Ceremony Opening Ceremony

From left to right: Jaime Castellanos, Christopher Fox,
Rena D’Souza, Susana Molgatini, Mariana Picca,

Gabriel Sánchez, Erik Dreyer, María del Carmen Pareja,
Gina Murillo, Sylvia Piovesan, Inés Salveraglio, 

Stefania Martignon, Cecilia Salvador and Carlos Francci

Members of the IADR Latin American Region
LAR with IADR Executive Director

Dr. Mariana Picca, President of the 50th Annual
Scientific Meeting (left) with Dr. Susana Molgatini,

President of the SAIO (right)

Honorary Jury Members From left to right: 
Drs. Noemí Bordoni, Rosa Alippi, 

Ricardo Macchi, Ángela Ubios
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