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ABSTRACT
The aim of this study was to evaluate the degree of penetration
of obturation cement in artificial lateral canals after Passive
Ultrasonic Irrigation (PUI) with ethylenediaminetetraacetic
acid (EDTA) for different times. Fifty upper molar palatine
roots were used, in which two artificial lateral canals were
made at distances of 7 and 3 millimeters from the root apex.
After instrumentation and drying the canal, the final toilet stage
was performed on five groups (n = 10), as follows: G1  EDTA
17% + PUI for 10 seconds; G2  EDTA 17% + PUI for 20
seconds; G3  EDTA 17% + PUI for 30 seconds; G4  EDTA
17% + PUI for 60 seconds; G5  EDTA 17% + activation by
instrument R50 for 5 minutes (Control). The canals were sealed

by the single cone technique, and after 72 hours, sectioned in
two planes transverse to the artificial canal, to see the degree
of penetration of the sealing cement. In the radiographic
analysis, there was no statistical difference (p> 0.05) between
groups in the two artificial lateral canals. However, PUI of
EDTA for 60 seconds produced a significant difference in the
degree of penetration of the sealing cement (p <0.05) at 7 mm
from the apex. Therefore, PUI with EDTA for 60 seconds
promoted a higher degree of penetration of the obturator
cement in the artificial lateral canal.
Received: March 2019; Accepted: June 2019

Keywords: dentin; EDTA; root canal.

Grau de penetração do cimento obturador em canais
laterais simulados após ativação ultrassônica passiva
do EDTA em diferentes tempos
RESUMO
O objetivo deste trabalho foi avaliar o grau de penetração do
cimento obturador em canais laterais artificiais, após Irrigação
Ultrassônica Passiva (IUP) do ácido etilenodiaminotetracético
(EDTA), em diferentes tempos. Foram utilizadas 50 raízes
palatinas de molares superiores, e em seguida confeccionados
dois canais laterais artificiais a 7 e 3 milímetros do ápice
radicular. Após a instrumentação e secagem dos canais, foi
iniciada a etapa de toillet final, de acordo com os seguintes
grupos (n=10): G1 EDTA 17%+IUP durante 10 segundos; G2
 EDTA 17%+IUP durante 20 segundos; G3  EDTA 17%+IUP
durante 30 segundos; G4 EDTA 17%+IUP durante 60
segundos; G5 EDTA 17%+ativação pelo instrumento R50

durante 5 minutos (Controle). Os canais foram obturados pela
técnica do cone único, e após 72 horas, seccionados em dois
planos transversais dos canais artificiais, para se visualizar
o grau de penetração do cimento obturador. Na análise
radiográfica, não houve diferença estatística (p>0,05) entre os
grupos, nos dois canais laterais artificiais. Entretanto, a IUP
do EDTA por 60 segundos conseguiu um obter resultado
significativo, sobre o grau de penetração do cimento obturador
(p<0,05) a 7 milímetros do ápice. Portanto, a IUP do EDTA no
tempo de 60 segundos promoveu maior grau de penetração do
cimento obturador nos canais laterais artifciais.

INTRODUCTION
The aim of root canal endodontic treatment is to
eliminate microbes and promote periapical tissue
health. It involves maintaining aseptic conditions

throughout canal biomechanical preparation and
filling¹.
During root canal instrumentation, a smear layer
forms, which consists of bacteria, debris and

Vol. 32 Nº 2 / 2019 / 51-56

Palavraschave: dentina; EDTA; canal radicular.

ISSN 1852-4834

Acta Odontol. Latinoam. 2019

52

Daylana P. da Silva, et al.

necrotic tissue, with negative impact on dentin
tubules and on penetration of drugs and intracanal
sealers². Cleaning the root canal enables better
adaptation of sealer materials³ and adhesion of
resinbased endodontic cements to the dentin4, and
prevents apical and coronal microbial leakage 5.
Complex root canal anatomy should also be consi
dered, because it prevents complete disinfection of
the lateral walls and therefore requires the use of
auxiliary substances and methods with physicoche
mical action 6,8. Irrigation solutions should provide
antimicrobial action, organic tissue dissolution,
root canal debridement, and compatibility with
periapical tissues9. Among the most frequently used
substances are chlorhexidine, sodium hypochlorite
and ethylenediaminetetraacetic acid (EDTA) 10,11.
In order to improve the smear layer removal
technique, the irrigation solution may be associated
with ultrasonic devices. Versiani et al. (2015)6
observed that the conventional mechanical
irrigation method (CMIM) was unable to act on
all the root walls and the apical area. Passive
Ultrasonic Irrigation (PUI) has therefore been
proposed as a technique to activate the irrigating
solution, since its active tips produce mechanical
vibrating effects on the dentin walls, providing
more effective cleaning and better sealing of the
dentinal tubules12,13. Previous studies have shown
that PUI promoted greater debris removal from the
lateral canal14,15 in straight and curved roots16,17.
However, complete irrigation penetration may not
be achieved at all stages of root canal treatment18.
In view of the controversial data in the literature on
the use of EDTA 17% and ultrasound to seal
dentinal tubules, the aim of this study was to
evaluate the degree of penetration of the obturation
cement in artificial lateral canals after passive
ultrasonic activation of EDTA for different times.
The hypothesis tested was that the degree of
penetration of the obturation cement is not
influenced by the PUI with EDTA.
MATERIALS AND METHODS
Preparation of teeth
After approval by the Research Ethics Committee
of FACIME/UESPI (1,376,991), 50 human teeth
with intact, straight roots and fully formed apices
(palatine root of the 1st and 2nd upper molars) were
obtained from the University’s Tooth Bank,
Brazilian State of Piauí.

Acta Odontol. Latinoam. 2019

The dental crowns were sectioned with a double
faced diamond disk (KG Sorensen ®, Cotia, São
Paulo, Brazil), at slow rotation, in order to
facilitate canal instrumentation. Canals were
measured with a Kfile file (Dentsply® Maillefer,
Petrópolis, Rio de Janeiro, Brazil) #15 by
reaching the apical foramen and withdrawing 1
mm in order to obtain the working length.
Subsequently, files #20 and #25 #30 were used
with the Reciproc System R 50 instrument (VDW,
Germany). Root canal preparation steps included
irrigation with 2 mL of 1% sodium hypochlorite
(Milton’s solution; Biodynamics ®, Ibiporã,
Paraná, Brazil) each time instruments were
changed, with metal vacuum suction (Endo
Points ®, Rio de Janeiro, Brazil), and absorbent
paper points (Denstply ®, Petrópolis, Brazil). A
total 12 mL of solution were used.
Two lateral canals were prepared perpendicular to
the long axis of the root, in the middle third (apex
of 7 mm) and in the apical third (apex of 3 mm),
using a rotating instrument with a Kerr file
(Dentsply®, Petrópolis, Brazil) size 10 (100
micrometers diameter). This instrument was
modified by beveling the tip to form a chamfer. In
order to adapt it for low rotation, the other end was
removed and the instrument was fixed with
cyanoacrylate to a mandrel19.
After instrumentation and drying the canal, the final
toilet stage was begun according to the following
groups (n=10): G1EDTA 17% + PUI for 10
seconds; G2EDTA 17% + PUI for 20 seconds; G3
EDTA 17% + PUI for 30 seconds; G4EDTA 17%
+ PUI for 60 seconds; G5 EDTA 17% + activation
by instrument R50 for 5 minutes (Control).
PUI was performed using the E1 insert (Irrisonic,
Helse São Paulo, Brazil) coupled to an ultrasound
device (CVDentus, São Paulo, Brazil) at a power of
20%, according to the study group. Then the canals
were filled using the single cone technique, in
which Sealer 26 cement (Dentsply®, Petrópolis, Rio
de Janeiro, Brazil) was placed in the canal using a
Lentulo spiral No. 40 (Dentsply®, Petrópolis, Rio
de Janeiro, Brazil). The canal opening was sealed
with lightcured composite resin (Dentsply®,
Petrópolis, Rio de Janeiro, Brazil) and the roots
were radiographed.
After 72 hours, the teeth were sectioned with
diamond discs (KG Sorensen®, Cotia, São Paulo,
Brazil) at two transverse planes 1 mm below the
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artificial canals, in order to not remove the sealant
cement. Then a mediumgrain diamond bur
(KG Sorensen ®, Cotia, São Paulo, Brazil) was
used to wear away 1 mm of the crosssectional
area, revealing the degree of sealant cement
penetration.
A single examiner trained for this purpose (Kappa
= 0.76) used a 10x stereomicroscope to evaluate the
degree of cement penetration in the lateral canal.
The microscopic and radiographic results were
classified into four groups: Grade 0 (without
cement penetration); Grade 1 (cement penetration
in the proximal third); Grade 2 (cement penetration
to the middle third); Grade 3 (cement penetration to
the final third).
Statistical analysis
The data were analyzed using the statistical
program SPSS (Statistical Package for Social
Sciences) version 20.0 specific for Windows. The
ShapiroWilk and Wilcoxon tests were used to
analyze the normality and values of the means
between groups. The level of significance was
set at 5%.

RESULTS
Table 1 shows the descriptive results of the degree
of penetration of the endodontic cement in the
lateral canal, based on radiographic and microscopic
analyses.
Table 2 shows that for the radiographic analysis,
there was no significant difference (p> 0.05)
between experimental groups. However, under
microscopic analysis, a difference was observed
between groups (p <0.05), where the highest degree
of penetration of the filler cement in the artificial
lateral canals was seen in group 4 (Table 3).
DISCUSSION
Several factors may influence the degree of
penetration of the sealant cement, such as the root
canal anatomy, the efficacy of smear layer removal,
the final irrigation technique and obturation, and
the physicochemical properties of the sealing
materials. Under microscopic analysis, this study
found the greatest degree of sealing cement
penetration in lateral canals at 7 mm from the root
apex for canals treated with EDTA PUI for 60
seconds. Thus, the null hypothesis was rejected.

Table 1: Descriptive analysis of the degree of penetration of endodontic cement in the lateral canals, according
to treatment group and distance from the apex.
Type of Analysis

Radiographic

Microscopic

Groups

Distance from the apex

Score 0

Score 1

Score 2

Score 3

G1

3 mm
7 mm

10
10

-

-

-

G2

3 mm
7 mm

9
8

1

-

1
1

G3

3 mm
7 mm

7
7

1
2

-

2
1

G4

3 mm
7 mm

8
5

1

1
-

1
4

G5

3 mm
7 mm

7
8

-

1
1

2
1

G1

3 mm
7 mm

8
10

-

1
-

1
-

G2

3 mm
7 mm

10
7

1

1

1

G3

3 mm
7 mm

6
6

1
2

1
-

2
2

G4

3 mm
7 mm

5
4

1
1

1
0

3
5

G5

3 mm
7 mm

7
6

-

1
1

2
3

G1, EDTA 17% + PUI for 10 seconds; G2, EDTA 17% + PUI for 20 seconds; G3, EDTA 17% + PUI for 30 seconds; G4, EDTA 17% + PUI for 60 seconds;
G5, EDTA 17% + activation by instrument R50 for 5 minutes (Control).
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Table 2: Radiographic analysis of the degree of
penetration of the endodontic cement in
the lateral canals (apical third).

Table 3: Microscopic analysis of the degree of
penetration of the endodontic cement in
the lateral canals (apical and middle third).

Distance from
the apex

Distance from
the apex

Apex

Middle

Groups

Mean

G1

21.00

G2

23.65

G3

28.40

G4

p

Groups

Mean

G1

22.10

G2

23.90

G3

26.80

25.90

G4

29.70

G5

28.55

G5

25.00

G1

19.50

G1

17.50

G2

24.35

G2

22.15

G3

26.45

G3

26.80

G4

32.60

G4

33.15

G5

24.60

G5

27.90

0.36

0.11

Apex

Middle

p

0.69

0.04

p <0.05 is statistically significant. G1, EDTA 17% + PUI for 10 seconds; G2,
EDTA 17% + PUI for 20 seconds; G3, EDTA 17% + PUI for 30 seconds; G4,
EDTA 17% + PUI for 60 seconds; G5, EDTA 17% + activation by instrument
R50 for 5 minutes (Control).

p <0.05 is statistically significant. G1, EDTA 17% + PUI for 10 seconds;
G2, EDTA 17% + PUI for 20 seconds; G3, EDTA 17% + PUI for 30 seconds;
G4, EDTA 17% + PUI for 60 seconds; G5, EDTA 17% + activation by
instrument R50 for 5 minutes (Control).

EDTA has chelating and disinfecting properties20. It
removes calcium from the crystalline phosphate
network, causing superficial demineralization and
exposure of collagen fibers in the dentin tubules.
Galler et al 21 suggest that irrigation with EDTA may
potentiate cell differentiation by exposing growth
factors trapped in the dentin matrix.
There was greater penetration in the middle third
than in the apical third, as observed in previous
studies22,23. Other authors further state that the
EDTA solution is able to remove the smear layer
only in the coronal and middle thirds due to the
presence of a greater amount of dentin tubules and
their diameter, which enable greater contact
between the solution and the dentin tissue2426.
However, some studies report that the association
of EDTA with sodium hypochlorite may potentiate
its cleaning action and enable it to reach the apical
third10,27.
Another strategy used is activation of the EDTA
using the memory instrument or ultrasonic tip. This
procedure induces an increase in temperature and
rupture of the surface tension of the solution13,
causing a high activity energy release. Thus, this
mechanism acts on the smear layer, promoting its
removal and greater diffusion of drugs and sealing
of the dentinal tubules28. Thus, several root canal

irrigation techniques and systems have been
developed to improve final canal irrigation29.
Some studies, such as Jiang et al,28, Stamos et al30
and Sabins et al31 concluded that the ultrasonic
system is more effective than the sonic system for
cleaning root canals; however, it can damage the
dentinal tissue. On the other hand, Van Der Sluis et
al32 report that there is no consensus in the literature
to support the idea that one form of energy is better
than the other.
When comparing PUI and CMIM, Rodig et al33 and
Paragiola et al34 observed that PUI showed greater
efficacy in root canal cleansing. Other authors
compared the degree of penetration of the filling
cement through these two techniques, and showed
that ultrasonic activation of EDTA 17% presented a
greater number of sealed dentinal tubules35,36.
Contradicting the microscopic analysis, the
radiographic analyses revealed that even using PUI,
there was no difference between degree of
penetration in the apical and middle thirds, as
observed in previous studies37,38. In addition, Costa
et al39 and Ciucchi et al40 emphasize that this can
occur due to the greater amplitude of displacement
that occurs at the tip of the insertion, where the
apical zone would probably be. These contrasts may
be related to differences in the methodology, such
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as quantity of irrigating solution, activation time,
selection of activator tip, and canal conicity after
instrumentation.
Considering the foregoing discussion, further
studies should be conducted combining chelating
and disinfecting chemicals applied for different
times and using different techniques, with the aim

of increasing the cleaning and degree of penetration
of the obturator materials in both the middle and
apical thirds.
In view of the results, it may be concluded that the
PUI with EDTA for 60 seconds promoted a higher
degree of penetration of the obturation cement in
the artificial lateral canals.
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ABSTRACT
Lack of communication between the medical and dental
professions impacts healthcare quality, especially in hospitals.
Different authors have described the oral status of inpatients.
Following that line of research, the current study set the
following aims: to characterize the dynamics of medicaldental
healthcare interaction at a university hospital and to describe
oral status and identify need for dental treatment in a sample of
150 inpatients at a hospital in Buenos Aires City, Argentina.A
descriptive study was conducted on patients who were referred
to dentistry by their physicians. The following variables were
surveyed: personal data, medical history, oral health status, need
for dental treatment and oral selfcare habits.Patient median
age was 60 years, 60.7% were male, 68.7% had diseases of the
circulatory system, average number of medications per day was

7, of which 28.1% were for the cardiovascular system. Seventy
percent of the referrals came from the Cardiology Service and
48% were requested for preoperative evaluation. Percentage of
visible plaque was 73.6% and bleeding on probing 75.4%.
DMFT was 19.9; 57.3% of patients had periodontal pockets
deeper than 4 mm, and 97.2% required surgery, endodontic or
prosthetic rehabilitation treatments. The frequency of daily
brushing decreased during hospitalization: 28.7% reported not
brushing daily and only 5.3% reported brushing 3 times a day.
Referrals to dentistry came mainly from the cardiology service
in presurgical situations. Inpatients presented high levels of
oral pathology and need for dental treatment.
Received: February 2019; Accepted: May 2019.
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Dinámica de la relación médico-odontológica
en un Hospital Universitario
RESUMEN
La desarticulación entre la profesión médica y odontológica es
un fenómeno que impacta en la calidad de atención de las
personas, especialmente en ámbitos hospitalarios. Diferentes
autores describieron el estado bucal de pacientes internados.
Siguiendo esta línea de investigación, este trabajo estableció
los siguientes objetivos: caracterizar la dinámica de la
interacción medicinaodontología en un hospital universitario,
conocer el estado bucal e identificar la necesidad de
tratamiento odontológico en una muestra de 150 pacientes
internados en un hospital de la Ciudad de Buenos Aires,
Argentina. Se realizó un estudio descriptivo de los pacientes
que los médicos derivaron a odontología y relevaron variables
de las siguientes dimensiones: datos personales, antecedentes
médicos, estado de salud bucal, necesidad de tratamiento
odontológico y hábitos de autocuidado bucal. La mediana de
edad fue de 60 años, el 60,7 % pertenecían al género masculino.
El 68,7 % tenían enfermedades del sistema circulatorio, la

media de medicamento administrada fue de 7 y el 28,1 %
correspondía a medicación del sistema cardiovascular. El 70%
de las derivaciones provino del servicio de Cardiología y el
48 % respondieron a evaluación prequirúrgica. El porcentaje
de placa visible alcanzó 73,6 % y la hemorragia al sondaje
75,4 %. El CPOD fue de 19,9. El 57,3 % de los pacientes tenía
bolsas periodontales superiores a 4 mm, y el 97,2 % requerían
tratamientos de cirugía, endodoncia y rehabilitación de
prótesis. La frecuencia de cepillado diario bajó durante la
internación: el 28,7 % refirió no realizar cepillado diariamente
y solamente el 5,3 % mencionó cepillarse 3 veces/día.
Las derivaciones a odontología provinieron principalmente del
servicio de cardiología en situaciones prequirúrgicas. Los
pacientes internados presentaron elevados niveles de patología
bucal y necesidad de tratamiento odontológico.

INTRODUCTION
A number of factors contribute to the complexity
of healthcare, including technology, supplies,
professional qualification, habits of the population,

and ways in which healthcare is organized. These
components are all involved in a scenario characte
rized by two types of fragmentation, one of which
is clearly recognized by healthcare managers and
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public health experts, while the other is masked by
the particular interests of the professions, creating
divides between professions, and even within
professions.
The first type of fragmentation characterizes
healthcare in Argentina. There is a public sector
in which the national, provincial and municipal
levels present a high degree of autonomy; a
large number of diverse “obras sociales” (trade
unionmanaged health insurance) reflecting the
development of healthcare linked to social
security in Argentina, and finally, a large private
sector including a wide range of mutual benefit
schemes, private insurance and private facilities.
There is little coordination between and even
within all of these. This is true regarding both
medical and dental healthcare.
The second type of fragmentation or “divide”,
which has high impact on personal and populational
healthcare, arises from the lack of communica 
tion between medical and dental professionals.
This is seen in concrete individual healthcare,
in professional human resource training, and in
the implementation of the concept of comprehen
sive health so often stated by the World Health
Organization1.
The US Public Health Service has published a
critical view of emerging associations between oral
diseases and systemic diseases, especially HIV and
AIDS, diabetes, osteoporosis, endocarditis, adverse
effects of medications, immunosuppression and
nutritional deficiencies, among others2. There is a
lack of systematic communication between medical
and dental healthcare providers under the concept
of comprehensive healthcare3. These problems in
healthcare structure and dynamics may constitute
one of the variables impacting patient health, taking
into account the oral health problems in hospitalized
patients.
The needs for dental treatment in hospitalized
patients have been analyzed by different authors:
· Hanne et al. found in a hospital in Denmark that
91% of hospitalized patients needed treatment
of at least one or more oral problems (dental
plaque biofilm, dental caries, dry mouth) 4.
· Carrilho et al. reported that 98.1% of the patients
had por oral hygiene, 74.5% had gingival inflam
mation, 60% periodontal disease and 19.8%
candidiasis5. They also found the following
associations:
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a. Dental caries associated to smoking and to
deficient oral hygiene
b. Gingival index and bacterial plaque index
associated to hospitalization time and patient
age.
c. Increase in plaque biofilm and worsening of
gingival inflammation associated to hospitali
zation.
· Needelman et al. found that after 14 days hospi
talization in critical care units at a University
Hospital in London, patients showed an increase in
oral biofilm accumulation, deterioration in oral
status, and increased risk of systemic infections
associated to pneumonia6.
· Tereazakis et al. conducted a systematic review
which included five studies, concluding that oral
health deteriorated during hospitalization in
terms of plaque biofilm accumulation, gingival
inflammation and alterations of the mucosa7.
· Donatsky et al. found that 82% of inpatients at a
university hospital in Denmark required dental
treatment, especially surgical treatment and
rehabilitation8.
As a result of our interest in exploring the causes of
these observations, we established the following
aims for the current study:
· To characterize the connection between medical
and dental healthcare, as expressed by referrals
requested by different medical services.
· To ascertain the oral health status of patients
referred to dentistry.
· To identify the needs for dental care of inpatients
at a University Hospital in Buenos Aires City,
Argentina.
MATERIALS AND METHODS
The study design was approved by the Research
Protocols and Ethics Committee of the Department
of Research and Teaching at the Hospital Italiano in
Buenos Aires (N1944) and the Bioethics Committee
of the School of Dentistry of Buenos Aires
University (27/03/201350). A descriptive study was
conducted on inpatients at Hospital Italiano in
Buenos Aires who were referred by treating
physicians for dental evaluation, from March 2013
to May 2015. From the hospital electronic medical
record (EMR), 203 patients with referrals to the
Dental department were identified. Requests for
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referrals are submitted by physicians, generating
automatic emails to the dental department.
Exclusion criteria were: patients hospitalized in the
psychiatry department, patients who did not speak
Spanish, patients with neurological diagnosis,
patients who were unconscious and/or intubated,
and patients isolated by the Infections Committee
due to:
· diseases with airborne transmission or transmis
sion by suspended particles (TBC and chicken
pox)
· diseases transmitted by respiratory droplets
(influenza),
· diseases transmitted by direct or indirect contact
(vancomycinresistant enterococci, Clostridium
dificile, Klebsiella pneumoniae).
Following the above criteria, 53 patients were
excluded. The sample for evaluation included 150
patients.
Data were collected according to the following
procedure:

1. Email received requesting referral to dental
department.
2. Patient duly identified, following the standard
of the Joint Commission International9 in the
area where patient was hospitalized.
3. Clinical diagnosis performed in the hospitalization
areas, using disposable dental examination instru
ments and a lamp protected with a disposable glove.
4. Data recorded in an ad hoc dental clinical history.
5. Data added to the Hospital Italiano electronic
medical record.
Table 1 shows the indicators used and operationali
zation of the variables analyzed.
Statistic treatment for independent samples was
done as follows:
· For qualitative variables, frequency distribution
(%) was established.
· For quantitative variables, means, SD and SE,
median, minimum and maximum were established.
· For comparison of quantitative variables, Student’s
test for independent samples was applied.

Table 1: Data surveyed in clinical history.
Field

Personal details

Medical history

Oral health status

Indicators

Operationalization of variables

Patient sex

Male/female according to patient electronic clinical history.

Patient age

In years at the time of evaluation.

Medical coverage

According to electronic clinical history.

Main diagnosis

According to electronic clinical history. Grouped according to International
Classification of diseases (WHO/ICD 9).

Medication taken at time of diagnosis

According to electronic clinical history. Grouped according to criteria of
Anatomical, Therapeutic and Clinical classification (WHO/ATC).

Service requesting referral

According to affiliation of requesting physician to the Hospital Italiano
service through an electronic Clinical History. Grouped according to HI
organizational chart.

Reason for referral

According to the form prepared by the physician requesting referral.

Time from hospitalization to dental
examination

Time (in days) from date of hospitalization to date of dental diagnosis.

Percentage of visible plaque

Absence (0) and presence (1) of visible plaque on 4 faces of teeth present
(mesial, distal, buccal, lingual/palatine) observed and recorded.

Percentage of bleeding on probing

Absence (0) and presence (1) of bleeding on probing observed and recorded.

DMFT Index

Sum of decayed, missing and filled teeth.

CPITN

Periodontal examination expressed as a score in mm of probing depth,
evaluated with periodontal probe, from the gingival margin to the bottom of
the periodontal pocket. Not applicable to completely edentulous patients.

TNI for dental caries

Based on dental caries process established from dental chart.

Date of last visit to dentist

Direct report from patient.

Frequency of oral hygiene prior to
and during hospitalization

Direct report from patient.

Need for dental
treatment

Oral hygiene
habits
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· For comparison of qualitative variables, Chi square
test (independence test) was employed.
· For comparison of percentages between groups,
independent proportions test with approximation
to normal or binomial, according to the case, was
applied.
· For comparison of oral hygiene methods and
frequencies before and during hospitalization,
Wilcoxon’s test was employed.

RESULTS
Sociodemographic characteristics of
the sample included in the study
The study included a purposive sample of 150
patients hospitalized in different departments at the
Hospital Italiano in Buenos Aires. Median age was
60 years (range 2184 years) and 60.7% were male.
There was no significant difference for mean age
between males and females. Ninetyeight percent
of the patients had health coverage through public
or private healthcare systems.

in 68.7% of the patients (Table 2), diseases of the
respiratory system in 14% and neoplasms in 9.3%.
Other diseases affected 0.7% to 1.3% of the
patients.
The following findings were recorded for medications
taken:
· Number of medications taken daily per patient
ranged from 0 to 16, with mean 7.
· Out of the total medications administered, 28.1%
were for treatment of the cardiovascular system
(Table 3).
· The Cardiology service was responsible for 70%
(Fig. 1) of the referrals to Dentistry.
· 48% of referrals were for presurgical checks for
cardiac vascular surgery, followed by reports
required prior to transplants (Table 4).
· 10.68% of the referrals were for dental problems
described with different levels of precision
(dental pain, dental trauma, dental prosthesis
check, Ludwig’s angina, broken tooth, gum
bleeding, etc.) (Table 4).
· Median time from hospitalization to dental
examination was 3 days, and ranged from 1 to
123 days.

Healthcare of referred patients
According to the ICD9 classification, main
diagnoses were: diseases of the circulatory system

Results of dental examination
Median was 73.6% for percentage of visible plaque
and 75.4% for bleeding on probing (Table 5).

A significance level lower than 5% was used for all
cases to reject the null hypothesis.

Table 2: Main diseases grouped according to ICD9 (*).
Frequency Percent
Circulatory system

103

68.7

Respiratory system

21

14.0

Neoplasms

14

9.3

Endocrine, nutritional and metabolic

2

1.3

Central nervous system and sensory
organs

2

1.3

Digestive system

2

Injury and poisoning

2

Table 3: Medication administered according to ATC
classification.
Medication administered

Percent

Cardiovascular system

28.1%

Digestive system and metabolism

19.6%

Blood and blood-forming organs

18.5%

Nervous system

10.5%

Anti-infective for general for systemic use

5.3%

1.3

Dermatological medications

5.2%

1.3

Respiratory system

4.1%
4.0%

Diseases of the blood and blood-forming
organs

1

0.7

Systemic hormonal preparations, excl.
sexual hormones

Genitourinary system

1

0.7

Musculoskeletal system

2.1%

Antineoplastic and immunomodulating agents

1.1%

Genitourinary system and sexual hormones

0.9%

Various

0.3%

Musculoskeletal System and Connective
Tissue

1

0.7

Symptoms, signs that define disease

1

0.7

150

100.0

Total

(*) International Statistical Classification of Diseases and Related
Health Problems.
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Sensory organs

0.3%

Antiparasitic products, insecticides and repellents

0.1%

ISSN 1852-4834

Vol. 32 Nº 2 / 2019 / 57-64

Dynamics of the medical-dental relationship

61

Median for DMFT index was 19.9 teeth, consisting
of 2.5 decayed, 14.7 missing and 2.7 filled teeth.For
CPITN, 57.3% of the sample had CPITN 3 and 4,
which implies periodontal pockets deeper than 4
mm (Fig. 2).TNI for dental caries showed that
97.2% of the patients required treatment with
prosthesis, endodontics and/or surgery in at least 3
quadrants of the mouth (values 5 to 11 of TNI for
dental caries) (Table 6).Only 0.7% of the sample
had a healthy mouth but required preventive
treatment (1 on the TNI for dental caries) (Table 6).
History of dental care in
hospitalized patients
Among the hospitalized patients, 16%
reported having visited a dentist within
6 months prior to hospitalization, and
81.3% reported not having been taught
oral hygiene technique.
Patients reported the following tooth
brushing frequency:
· 1.3% of the patients said they
“never” brushed their teeth prior
to hospitalization, while 28.7%
reported never doing so during
hospitalization.
· 40% of the patients said they
brushed their teeth “3 times a day”
prior to hospitalization, but only
5.3% of patients reported doing so
during hospitalization (Fig. 3).

Fig. 1: Services that requested referral to dentistry, in percentages.

Table 4: Reason for referral to dentistry, in
percentage.
Reason

DISCUSSION
The aim of this preliminary study is to trigger
discussion on one of the gaps in healthcare, which
is comparable to the gap between knowledge
production and health policy decision making,
which has given rise to increasing development of
translational research. The study was conducted at
Hospital Italiano in Buenos Aires, which is
accredited by the Joint Commission International,
and according to the journal “América Economía”,
is ranked among the five best hospitals in Latin
America, and first in Argentina10. Current hospital

Table 5: Description of visible plaque and bleeding
on probing.
Median

Mean

Maximum

SD

Presurgical valve

48.00

Visible plaque

73.6

8.7

100

22.6

Pre transplant

39.33

Bleeding on probing

75.4

10.0

100

56.6

Dental pain

Percentage

Percentage

3.33

Evaluation of oral status

3.33

Dental trauma

1.33

Pre bisphosphonate evaluation

1.33

Monitoring dental prosthesis

0.67

Ludwig’s angina

0.67

Broken tooth

0.67

2, 3, 4

Bleeding gums

0.67

5

Presurgical cardiac tumor

0.67

6 a 10

Total
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Table 6: Percentage of TNI for dental caries.
TNI for dental caries
1

11
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Description

Percentage

Healthy mouth with need
for preventive treatment

0.7

Dentin-enamel Caries

2.1

Pulp problems

1.3

Partially edentulous

85.3

Completely edentulous

10.6
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hope of generating a new paradigm
in comprehensive healthcare, can be
found in scientific evidence. On an
individual scale, they include:
1. General diseases or treatments
for them with repercussion or
manifestations on oral status, and
2. Oral diseases or treatments related
to them with repercussion or
manifestations on general health.
At the same time, on the healthcare
scale, there is a contradiction between
the “discourse” and the concrete
practice of professional integration.
From an epidemiological standpoint,
Fig. 2: Percentages of community periodontal index of treatment needs (CPITN).
it has been demonstrated that dental
caries and periodontal disease are
prevalent and could be avoidable11
12
. Deficient oral hygiene contributes
to the development and maturation
of dental plaque biofilm, with impact
on prevalent diseases. The etiological
character of plaque biofilm warrants
a reevaluation of its role in specific
prevention. Carrilho N et al. 5
suggest that there may be loss of
motivation in maintaining routine
hygiene habits such as tooth
brushing. Needelman et al. 6 report
that as a result of preexisting oral
health conditions, problems may
become more severe or new problems
may arise upon hospitalization, such
as infections of the respiratory tract
caused by oral microorganisms.
Our results on deficient oral hygiene
and consequent presence of biofilm
Fig. 3: Comparison of daily hygiene habits before and during hospitalization, in
percentages.
were consistent with those reported
in the studies by Carrilho et al. 5,
Needleman et al. 6 and Terezakis et al. 7.
policies on initial evaluation of hospitalized patients This deterioration process can increase as a result
include assessment of medical, nursing and of preexisting systemic condition or due to the use
nutritional areas. The medical area includes of medication administered during hospitalization.
referrals to the different services that physicians Moreover, the impact of emotional conditions that
deem necessary for adequate patient care. Dentistry arise during hospitalization is not negligible.
has been included in the hospital organizational Despite available evidence, no systematic protocol
chart with direct dependence on the Surgical has been implemented to include oral hygiene
Department.The reasons supporting the need for a practice in nursing routines or the routine of
change in the dynamics of patient healthcare, in the caregivers of hospitalized patients.
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With regard to established oral diseases, diagnosis
performed on the sample of hospitalized patients
showed a major sanitary deficiency reflected by
indicators of current status as well as need for
treatment. It is worth highlighting that 98% of the
patients in this study had medical coverage through
private systems or “obras sociales” (unionmanaged
health insurance), which included treatment of
diseases due to dental plaque biofilm. It is
interesting to note that, notwithstanding, only 2.8%
had a healthy mouth, while 97.2% had need for oral
treatment of caries and gingivalperiodontal
diseases. The high level of oral disease found in this
study is in agreement with the results published by
Hanne et al. 4, Carrilho et al. 5 and Donatsky et al. 8.
With regard to the origin of the referrals, there are
marked differences between those requested by
cardiologists, particularly in presurgical situations,
and those requested by the rest of the medical
specialties.
However, given the chronic inflammatory component
of oral diseases, dental referral ought to come from
most medical services provided in a hospital, because
such diseases may constitute a risk factor for the
diseases dealt with by the different specialties.
Dental referral may reflect the degree of interdisci
plinarity at a facility and should involve all
healthcare professionals in order to optimize the
quality of patient healthcare.

Clearly, there is no such thing as “partial health”.
Oral status is a component of general health. The
causes of the “gap” between medicine and dentistry
may be found in the corporative autonomies
historically developing as from human resource
training.
With the aim of proposing changes and improve
ments in the integration of dentistry in a hospital,
we propose further studies to analyze intrahospital
medical referrals to the dental department and the
existence of protocols or policies of intrahospital
oral hygiene, as well as levels of compliance.
Finally, we recommend:
a. Protocolizing the care of hospitalized patients
based on a risk approach,
b. Fostering selfcare actions to be used to prevent
this scenario, and
c. Moving forward in interdisciplinary social
practices in healthcare training courses.
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CONCLUSIONS
The dental referrals recorded were mainly requested
by the cardiology department, particularly for pre
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ABSTRACT
The aim of this study was to screen for painful TMD conditions by
implementing the validated Axis I screening instrument from the
Diagnostic Criteria for Temporomandibular Disorders. Using the
screener as a surrogate, the prevalence of the conditions was
estimated among a convenience sample of dental students in Peru.
A total 2,562 dental students, 63.7% women, aged 18 to 62
completed the instrument. Prevalence was estimated using both the
short and long versions. The prevalence of painful TMD conditions
was 19.4% with the short and 16.1% with the long version. The

distribution of the conditions according to gender differed
significantly between groups (p<.001). Prevalence estimates of
painful TMD conditions using the screening instrument seems to
be logistically adequate in a field assessment involving multiple
geographic and cultural regions in Peru. These estimates seem to
be consistent with internationally reported values.
Received: November 2018; Accepted: June 2019.

Keywords: temporomandibular joint disorders; pain; clinical
decisionmaking.

Implementacion de un cuestionario de triaje para trastornos
temporomandibulares asociados al dolor en estudiantes
de odontologia peruanos
RESUMEN
El objetivo de este estudio fue tener una estimación de las
condiciones de los trastornos temporomandibulares asociados
al dolor, mediante la implementación de un instrumento
validado de triaje para la medición del Eje I de los Criterios
Diagnόsticos para los Trastornos Temporomandibulares
(CD/TTM). Usando este instrumento como un sustituto, se
estimό la prevalencia de estas condiciones en una muestra por
conveniencia de estudiantes de Odontología en el Perú. Un
total de 2,562 estudiantes de Odontología, 63.7% mujeres,
entre las edades de 18 a 62 años de edad, completaron el
instrumento. La prevalencia fue estimada empleando las

versiones corta y larga del instrumento. La prevalencia de los
TTM asociados al dolor fue de 19.4% con la versión corta y
16.1% con la versión larga. La distribución de estas
condiciones fue estadísticamente diferente según el sexo
(p<.001). El empleo del instrumento de triaje para estimar la
prevalencia de los TTMs asociados al dolor parece ser
logísticamente adecuado en un escenario de diversas regiones
geográficas y culturales en el Perú. Estas estimaciones parecen
ser consistentes con valores internacionalmente reportados.

INTRODUCTION
Comprehensive patient care, both in clinical practice
and in academic programs, should include assessment
of temporomandibular disorders (TMD). Initial
identification of TMDrelated conditions should
be followed by proper referral to a welltrained
professional in the field for evidencebased diagnostic
procedures and interventions. This conclusion is
based on the incorporation of recent knowledge of the
paradigmatic shift to modern concepts supporting
TMD etiology, progression and treatment that may
deviate from preconceived ideas1,2.

Historically, TMD diagnostic classifications focused
on physical findings, with a lack of consistent,
operationalized definitions and criteria. This barrier
was overcome by the Research Diagnostic Criteria
for TMD (RDC/TMD)3, which introduced a dual
axis system: Axis I for clinical diagnoses and Axis
II for painrelated disability and psychological
status. More recently, the Diagnostic Criteria for
Temporomandibular Disorder (DC/TMD) 4 was
published as a result of validation study group
recommendations and participation of the interna
tional community in this field, presenting validated

Vol. 32 Nº 2 / 2019 / 65-70

Palabras clave: trastornos de la articulación temporoman
dibular; dolor; toma de decisiones clínicas.

ISSN 1852-4834

Acta Odontol. Latinoam. 2019

66

Fernando Ortiz-Culca, et al.

criteria for the most common TMDs. This new
diagnostic classification system maintains a dual
axis and provides sensitivity and specificity values
to support its clinical validity for clinical
implementation. The DC/TMD recommends the
implementation of a standardized examination
protocol and utilization of selfreport instruments,
including a TMDpain screener 5 to be used by
clinicians and researchers. The screening instrument,
which shows excellent levels of sensitivity and
specificity, can be used routinely for identification
of individuals with TMDs in populationbased
research studies if there is limited infrastructure for
including examination protocols, or in clinical
settings for early identification prior to proceeding
on with appropriate referrals.
The aim of this study was to estimate the prevalence
of painrelated TMDs, using as a surrogate the
screening instrument presented by the DC/TMD,
in a nationwide sample of dental students that
included different geographic and cultural regions
in Peru.
MATERIALS AND METHODS
A total 4967 dental students enrolled for the 3rd to
10th semesters were invited to participate in this
field study, of whom 2562 accepted. They came
from different cities, representing 21 geographic
locations from regions including the coast, the
mountains and the Amazon rainforest. Minimal

Fig. 1: TMD pain questionnaire.
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sample size was estimated using prevalence of
40% 6,7, significance level of 95% and a power
of 90%. The proportional sampling procedure was
used to determine the sample in each location
according to the number of students who enrolled.
Exclusion criteria included the presence of systemic
joint disease, neurological disease or a previously
established diagnosis of TMD.
This instrument was first introduced in 2011 5 and
encompasses the report of pain, jaw stiffness,
and factors that may modify pain, such as function
and parafunction (Fig 1). The Pain screener is the
only screener questionnaire included in the Axis I
of the most recently published Diagnostic Criteria
for Temporomandibular Disorders 4. Its inclusion
is supported by its reliability and validity esti 
mates, which include Internal reliability ranging
from 0.87 to 0.93, in addition to sensitivity and
specificity values of 99% and 97%, respectively,
for correct classification of true positives and true
negatives 5.
The protocol was approved by the Research Ethics
Committee of Universidad Alas Peruanas, Lima,
Peru. All participants signed consent forms prior to
participation.
RESULTS
A total 2562 individuals participated in the study.
The mean age of the sample was 24.06 (± 5.72 SD)
with a range of 18 to 62 years. Due to the broad age
range, decade categories were established for data
analysis. Gender distribution shows that 63.7% of
the participants were female; this finding was
consistent among the age categories and screening
scores by age and gender.
Based on TMDpain screening, the percentage of
individuals identified with painful TMD using the
shortversion was 19.4%, more specifically, 22.0%
for females and 14.7% for males. Using the long
version, the estimates were 16.1%, with 19.0%
females and 11.0% males (Table 1).
Gender distribution among the age groups was
evaluated using corrected chi square (x2), and
statistically significant differences were found
for distribution of men and women (p<.001).
Nevertheless, there was no significant difference in
positive results among the age groups using the
distribution screener. (x2= 2.932, p=.710 for the
short version, and x2= 3.344, p=.647 for the long
version) (Table 1).
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Distribution according to university locations and
results of the versions of the screener are shown in
Figs. 2 and 3.
The femaletomale ratio among the individuals
using the TMDpain screening questionnaire in
both versions was 2.82:1. Distribution of the
sample according to sex and age group is shown in
Table 2.
All the items in the selfreported screenings have
two alternative answers: “no” or “yes”, except the
first, which has three alternative answers, “a”, “b”
and “c”, the first being the negative response. For

Table 1: Percent of cases identified by gender using
the Pain -TMD screener.
3-item version
n

Male

931

Sex
Female 1631

Total

2562

6-item version

Negative Affirmative Negative Affirmative
794

137

829

102

85.3%

14.7%

89.0%

11.0%

1272

359

1321

310

78.0%

22.0%

81.0%

19.0%

2066

496

2150

412

80.6%

19.4%

83.9%

16.1%

Table 2: Distribution of cases by age groups and gender.
Age group

sex

TMD-pain screener positive

sex

TMD-pain screener positive

Total

Male

%

3-item

6-item

Female

%

3-item

6-item

16-20

224

30.2%

17.4%

12.9%

518

69.8%

19.3%

18.1%

742

21-25

362

34.8%

17.1%

11.0%

678

65.2%

21.2%

17.7%

1040

26-30

201

39.7%

11.4%

10.0%

305

60.3%

25.3%

22.0%

506

31-35

78

50.3%

10.3%

12.8%

77

49.7%

27.6%

19.5%

155

36-40

39

56.5%

2.6%

2.6%

30

43.5%

26.7%

20.0%

69

27

54.0%

14.8%

7.4%

23

46.0%

34.8%

34.8%

50

931

36.3%

14.7%

11.0%

1631

63.7%

22.0%

19.0%

2562

more than 40
Total

Fig. 2: Percent response rate by gender per individual item.
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Fig. 3: Percent positive diagnostic allocation by geographic region and gender using the 3item version of the TMDScreener.

Table 3: Percent response rate by items.
Item

(n= 2.562)

male (%)

female (%)

2030

40.0

60.5

497

22.1

77.9

35

25.7

74.3

a. No

2176

38.0

62

b. Yes

386

27.2

72.8

a. No

2112

37.6

62.4

b. Yes

450

30.2

69.8

a. No

2077

37.5

62.5

b. Yes

757

32.4

67.6

a. No

1805

38.0

62

b. Yes

757

32.4

67.6

1. In the last 30 days, on average, how did long did any pain in your jaw or temple
area on either side last?
a. No pain
b. From very brief to more than a week, but it does stop
c. Continuous
2. In the last 30 days, have you had pain or stiffness in your jaw upon awakening?

3. In the last 30 days, did the following activities change any pain (that is, make
it better or make it worse) in your jaw or temple area on either side?
A. Chewing hard or tough food

B. Opening your mouth or moving your jaw forward or to the side?

C. Jaw habits such as holding teeth together, clenching, grinding or chewing gum?

D. Other jaw activities such as talking, kissing or yawning?
a. No

2042

35.3

10.3

b. Yes

520

40.4

59.62
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Fig. 4: Percent positive diagnostic allocation by geographic region and gender using the 6item version of the TMDScreener.

the first item, 19.4% (497) of all the participants in
the study responded affirmatively to alternative “b”,
and 1.4% (35) responded affirmatively to
alternative “c”. For item 2, 15.1% (386) responded
affirmatively. Of the four conditions included in the
third item, 17.6% (450) answered “yes” to the first,
and 18.9% (485), 29.5% (757) and 20.3% (520)
answered “yes” to numbers 2, 3 and 4, respectively.
These results are shown in Table 3.
With regard to the distribution of the responses
for the items according to sex, presented in Fig. 2,
note that more males than females responded
affirmatively only in item 3d.
There was a significant difference in prevalence
according to sex in four locations: Abancay, Anda
huaylas, Arequipa and Chincha, when comparing
the 3item and 6item versions (Figs. 3 and 4).
With the 3item version, male prevalence was noted
in Andahuaylas, Arequipa, Chincha, Pucallpa and
Tarapoto, but not in Huancayo and Moyobamba.
With the 6item version, male prevalence was
found in Abancay, Pucallpa and Tarapoto, but not
in Huancayo and Moyobamba. No statistical
difference was found in the distribution between
TMD and sex with the short version in university
locations except in Cuzco, Ica, Lima and Piura. This
was also true for the long version, with the addition
of Tacna. According to the total results there was a
Vol. 32 Nº 2 / 2019 / 65-70

statistical difference (p<.001) between TMD and
sex in both versions.
Internal consistency of the screener was evaluated
in 10% of the sample, and the Cochran alpha Kappa
statistic was 0.69.
DISCUSSION
The screener’s validity had been previously
determined in two versions, with 3 or 6 self
reported items 5. In the sample evaluated, our main
result showed the prevalence of Painful TMD
disorders as 19.4% and 16.1% in each version,
respectively.
The selfreport questions for core symptoms for
TMDpain diagnosis are included in both versions,
and address the following: evidence of recent pain
and modification of pain by function and
parafunction, within the same time frame58.
Using selfreport, researchers have implemented
field assessment to estimate the prevalence of
orofacial pain conditions in representative popu
lations 9,
In the field of TMD, Dworkin, et al.10 implemented
this methodology in USA and reported 12%
prevalence of TMD cases, similar to the results
obtained in our study. Goncalvez 11, used a fiveitem
TMD symptoms questionnaire in a Brazilian urban
population, estimating prevalence of TMD as 25%,

ISSN 1852-4834

Acta Odontol. Latinoam. 2019

70

Fernando Ortiz-Culca, et al.

and Bevilaqua 12 reported an estimate of 59% in a
convenience sample of dental students in Brazil.
The prevalence of TMD seems to be consistently
higher among females 11,13. However, in our study,
this pattern was not maintained across the geo
graphic regions, since males presented higher
prevalence in Abancay, Pucallpa and Tarapoto, even
though more female students had enrolled. In
contrast, in Huancayo and Moyobamba we found
no occurrence of TMD pain in males, which may
represent a cultural difference.

In conclusion, although two versions of the question
naire are presented by the screener developers, and in
the understanding that the short version may be more
efficient for field assessment, we would like to
recommend the longer 6items version because it
provides the most conservative and consistent
estimates of painrelated TMD prevalence. To the best
of our knowledge, our study is the first one to
implement the validated instrument for field
assessment, since no other publications were found
in Index Medicus / Medline journals.
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ABSTRACT
Oral lichen planus (OLP) is a chronic inflammatory mucocu
taneous disease of unknown etiology. OLP has recently been
linked to thyroid disease, mainly hypothyroidism. The aim of
this study was to determine the prevalence of thyroid disease in
Colombian patients with OLP. A total of 860 clinical records of
patients attending the clinics of oral medicine and oral and
maxillofacial surgery at IPS CES Sabaneta, Colombia, between
2010 and 2016 were reviewed. Fourteen patients (1.6%) had a
diagnosis of OLP. The prevalence of hypothyroidism in patients

with OLP was 35.7%, compared to 3.95% in the entire study
population (OR 15.92, 95% CI: 5.6350.09, P = 0.0001).
Patients with concomitant hypothyroidism and OLP presented
with less severe oral lesions compared to those without thyroid
disease. This study supports the notion that patients with OLP
should be screened for thyroid disease.
Received: May 2019, Accepted: July 2019

Keywords: oral lichen planus; thyroid diseases; hypothyroidism;
thyroxine.

Coexistencia de enfermedad de la tiroides y liquen plano
oral en una población colombiana
prevalencia de hipotiroidismo en pacientes con LPO fue
35.7%, comparada con 3.95% en toda la población de estudio
(RM 15.92, 95% IC: 5.6350.09, P = 0.0001). Pacientes con
hipotiroidismo y LPO concomitante presentaron lesiones
orales menos severas comparado con aquellos sin enfermedad
de la tiroides. Este estudio respalda la idea de que se debe
investigar la presencia de enfermedad de la tiroides en
pacientes con LPO.

RESUMEN
El liquen plano oral (LPO) es una enfermedad mucocutánea
inflamatoria crónica de etiología desconocida. El LPO ha sido
asociado recientemente con la enfermedad de la tiroides,
especialmente con hipotiroidismo. El objetivo con este estudio
fue determinar la prevalencia de la enfermedad de la tiroides
en pacientes colombianos con LPO. Un total de 860 historias
clínicas de pacientes que asistieron entre 2010 y 2016 a las
clínicas de medicina oral y de cirugía oral y maxilofacial de la
IPS CES Sabaneta, Colombia, fueron revisadas. Catorce
pacientes (1.6%) habían sido diagnosticados con LPO. La

Palabras clave: liquen plano oral; enfermedad de la tiroides;
hipotiroidismo; tiroxina.

INTRODUCTION
Oral lichen planus (OLP) is a chronic inflammatory
disease of unknown etiology. In the past decade, a
growing body of evidence has accumulated
suggesting that OLP is associated with thyroid
disease, mainly hypothyroidism.16 Early studies
conducted in Finnish and Swedish populations

reported a significantly higher prevalence of
hypothyroidism (9%11%) in patients with OLP
compared to control subjects (3%5%).1,3,4 A more
pronounced difference has been noted in Italy and
Spain, where 14%16% of the patients with OLP
and 1%5% of the controls have been diagnosed
with hypothyroidism.2,5,6
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A recent metaanalysis indicated a significantly
high prevalence of thyroid disease among patients
with OLP compared to controls (OR 2.10; 95% CI:
1.47–3.01).7 The authors suggested that routine
screening for thyroid disease could be beneficial for
patients with newly diagnosed OLP. However, more
studies are required to elucidate the immunological
mechanisms underlying the connection between
autoimmune thyroid disease and OLP.
The prevalence of subclinical hypothyroidism in a
population of nearly 6000 adults from Medellín,
Colombia, has been shown to be 5.9%.8 However, to
the best of our knowledge, no studies investigating
the association between thyroid disease and OLP
have been conducted in Colombian or Latin
American populations. The aims of this cross
sectional study were to 1) determine the prevalence
of hypothyroidism or levothyroxine supplementation
in Colombian patients with OLP, and 2) describe the
clinical characteristics of patients with concomitant
OLP and thyroid disease.
MATERIALS AND METHODS
This study was approved by the Ethics Committee of
CES University (Act 77, Project Code 370 of 2015).
We reviewed the clinical records of all patients
(n=860) attending the clinics of oral medicine, and
oral and maxillofacial surgery at Institución Presta
dora de Salud (IPS) CES Sabaneta, Colombia,
between 2010 and 2016. The WHO clinical and
histopathological criteria9 were used for the diagnosis
of OLP. However, biopsies were only performed
when the disease did not present with typical clinical
manifestations, as has been previously suggested.10
All lesions had to present with reticular or papular
features with or without plaque, erythema or
ulcerations. Gingival OLP with erythema but without
reticulum or papules, which is sometimes referred to
as an oral lichenoid lesion,11 was also included.
Lichenoid contact reactions observed in close contact
with amalgam restorations were excluded. Fisher’s
exact test was used to analyze the difference in the
prevalence of hypothyroidism/levothyroxine supple
mentation in patients with OLP compared to the entire
study population.
RESULTS
Fourteen (1.6%; mean age 59.6 years; females
n=11) patients were diagnosed with OLP. The
lesions in 6 of these patients did not present with

Acta Odontol. Latinoam. 2019

typical clinical characteristics and thus the
diagnoses were confirmed with histopathologic
examination. Only one patient was on systemic
steroids for treatment of OLP. Five patients with
OLP (35.7%) had been previously diagnosed with
hypothyroidism and were taking levothyroxine
supplementation. The prevalence of hypothyroidism/
levothyroxine supplementation in the study
population was 3.9% (34/860). The difference in
the prevalence of hypothyroidism/levothyroxine
supplementation in patients with OLP compared to
the entire study population was found to be
statistically significant (OR 15.9, 95% CI: 5.63
50.09, P = 0.0001). In addition, patients with
concomitant OLP and hypothyroidism presented
with less severe lesions, i.e. reticular and plaque
like, and symptoms compared to those without
thyroid disease (Table 1).
DISCUSSION
We found a significantly higher prevalence of
thyroid disease, specifically hypothyroidism, in
patients with OLP (35.7%) compared to the entire
study population (3.9%). This finding is consistent
with previous studies conducted in Scandinavia and
Mediterranean countries.1,2,4,5 In addition, the
prevalence of hypothyroidism registered in the
entire study population corresponds with the results
of a recent investigation conducted in Medellín,
Colombia.8
The biological mechanism underlying the
association between hypothyroidism and OLP is
unknown. A number of studies have shown that in
most cases of concomitant hypothyroidism and
OLP, the diagnosis of thyroid disease and the
initiation of thyroxine supplementation therapy
have preceded the onset of oral lesions.2,4 Consi
dering that Hashimoto’s thyroiditis is the most
common cause of hypothyroidism in iodinereplete
regions, it has been hypothesized that serum levels
of thyroid antibodies may be involved in the
pathogenesis of OLP. Chang et al.12 reported signi
ficantly elevated levels of antithyroidperoxidase
(TPOAb) and antithyroglobulin (TgAb) antibodies
in Chinese patients with OLP compared to healthy
controls. TPOAb have also been associated with
an increased risk of erosive OLP in an Iranian
population (OR = 4.02, 95% CI 1.21–13.4; P =
0.023).13 In contrast, RobledoSierra et al.14 did not
find an association between OLP and antithyroid
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Table 1: Clinical characteristics of patients with oral lichen planus (OLP) (n=14).
Patient Sex Age (yr) Smoking Allergies

Type of
OLP

1

F

62

No

None

Reticular

2

F

65

No

None

3

F

62

No

None

4

F

60

No

Penicillin

5

F

53

Yes

6

M

56

7

F

52

8

F

9

OLP
OLP
Histopathological Thyroid disease Levothyroxine
Symptoms treatment
examination
supplementation
Yes

No

Yes

Hypothyroidism

Yes

Reticular

No

No

Yes

Hypothyroidism

Yes

Erythematous

Yes

No

Yes

Hypothyroidism

Yes

Reticular

Yes

No

No

Hypothyroidism

Yes

None

Plaque-like

No

No

No

Hypothyroidism

Yes

No

Penicillin

Erythematous

No

Yes

No

None

No

No

None

Erythematous

Yes

No

No

None

No

59

No

None

Ulcerative

No

No

No

None

No

F

51

Yes

None

Ulcerative

Yes

No

Yes

None

No

10

M

59

No

None

Ulcerative

Yes

No

Yes

None

No

11

M

49

No

None

Ulcerative

Yes

Yes

Yes

None

No

12

F

49

Yes

None

Reticular

No

No

No

None

No

13

M

79

No

None

Reticular

Yes

No

No

None

No

14

F

78

No

None

Reticular

Yes

No

No

None

No

antibodies, i.e. TPOAb, TgAb, and antithyroid
stimulating hormone receptor antibody (TRAb).
However, the same study showed a significantly
higher expression of thyroidstimulating hormone
receptor in OLP lesions. Previous studies have
shown the presence of thyroidspecific antigens,
including thyroidstimulating hormone receptor
and thyroglobulin, in the skin of patients with
autoimmune thyroid diseases. A similar organ
specific autoimmune response may occur in the oral
mucosa and influence the development of OLP in a
subgroup of patients, in whom basal keratinocytes
expressing thyroid or thyroidlike proteins become
a target of cytotoxic T cells.4,14
Another aim was to describe the clinical characte
ristics of patients with concomitant thyroid disease
and OLP. Despite the limited number of patients

(n=5), it was found that they presented with less
severe OLP, namely, more reticular and less
erythematous/ ulcerative lesions compared to those
without thyroid disease. Similar results were shown
in a Swedish study, where OLP patients with
thyroid disease presented with more reticular and
less erythematous lesions compared to those
without thyroid disease. The reason for this is yet
to be determined.
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CONCLUSION
The prevalence of hypothyroidism in Colombian
patients with OLP is remarkably higher than in the
general population. This finding is in accordance
with what has been reported in other populations,
which supports the notion that patients with OLP
should be screened for thyroid disease.
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Characteristics and severity of tooth wear
in 2 to 5-year-old kindergarten
children in Medellin
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ABSTRACT
The aim of the present study was to identify the characteristics
and severity of tooth wear in children aged 2 to 5 years
attending a kindergarten in the city of Medellin.
The study population comprised 92 children aged 2 to 5 years
attending a kindergarten in Medellin; the final sample included
86 children selected using a nonprobabilistic sampling
method. All assessments were performed using the index
devised by Hansson and Nilner (1989).
Prevalence of tooth wear in the studied population was
100%. The observed results confirm previous findings

showing that the severity of tooth wear is proportionally
related with increase in age, and is mainly due to the
physiological wear of teeth. No significant differences in
tooth wear facets were observed among the different types
of teeth (incisors, canines, molars). It is necessary to
develop validated, precise, and comparable indices that
allow establishing the etiology and orienting treatment of
nonphysiological tooth wear.
Received: January 2018; Accepted: April 2019

Keywords: tooth wear; dentition permanent; children.

Facetas de desgaste y características de severidad
en niños de 2 a 5 años de un jardín infantil,
Medellín
RESUMEN
El objetivo del estudio fue identificar las facetas de desgaste y
las características de severidad en niños de 2 a 5 años de un
jardín infantil de la ciudad de Medellín.
El estudio incluyó 92 niños entre los 2 y 5 años de un jardín
infantil de la ciudad de Medellín, con una muestra final de 86
seleccionados a partir de un muestreo no probabilístico. Se
utilizó como instrumento el índice propuesto por Hansson y
Nilner (1989).
El 100% (86) de los niños evaluados presentaron facetas de
desgaste. Los resultados encontrados confirman datos previos

en cuanto a que las severidades de las facetas de desgaste
dentario están relacionadas proporcionalmente con el aumento
de edad y se deben principalmente al desgaste fisiológico de
los dientes. No se encontraron diferencias significativas en la
prevalencia o severidad de desgaste entre los grupos anató
micos dentarios (incisivos, caninos y molares).
Es necesario establecer índices validados, precisos y compa
rables para evaluar la etiología y orientar hacia la solución de
las causas no fisiológicas.

INTRODUCTION
Among other factors, new eating habits, tooth
brushing techniques, and occlusal overloading,
have given rise to a new field of oral care within
pediatric dentistry: noncarious lesions. In this
regard, understanding the difference between
normal, or physiological, and pathological patterns
of tooth wear contributes to preventing greater
damage to the tooth structure at an early stage and
to identifying and solving the underlying causes.
Hence the importance of early diagnosis and of

determining damage severity, which is directly
associated with the number of affected teeth and the
involvement of the tooth structures (enamel, dentin,
and pulp)1.
Tooth enamel of deciduous teeth contains a lower
proportion of mineral salts and is therefore more
porous, which can lead to greater tooth wear. Tooth
wear facets reveal the mechanical wear of the
occlusal surfaces resulting from attrition forces, and
are currently an emerging problem within the
diseases involving the hard tissues of the teeth.13
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Most studies on tooth wear reported in the literature
were performed in adults, whereas tooth wear in
deciduous teeth has been less analyzed4.
In addition to the normal functions of the mouth,
other pathological factors such as structural
alterations of the teeth, malocclusions, and bruxism,
can cause tooth wear of deciduous teeth. The
association between tooth wear and emotional
stress in children with behavioral disorders is well
documented.5
Although it has been established that dentin
exposure is the best indicator of tooth wear severity6,
it is important in clinical practice to assess other
patientspecific factors in order to differentiate
between physiological and pathological causes.
In view of the above, the aim of the present study
was to identify the characteristics and severity of
tooth wear in 2 to 5yearold children attending a
kindergarten in the city of Medellin in 2016.
MATERIALS AND METHODS
A descriptive observational crosssectional study
was conducted. The study population comprised 92
children whose parents agreed to participate in the
study and who signed the corresponding informed
consent form in keeping with the Declaration of
Helsinki. The project was approved by the Research
Ethics Committee (CEI) (Resolution N°15. October
26, 2015) of the Autonomous University Foundation
of the Americas.
A structured questionnaire eliciting sociodemographic
information was filled in by the children’s parents, and
served as the primary source of information.
The team included three researchers and two
assistants, all of whom were trained and calibrated
(interexaminer Kappa index: 0.81)7. After tooth
brushing, each child was clinically examined by one
dentist and one assistant. Dental examination was
performed under a direct source of light and using
sterile cotton rolls to keep the area dry.
Children aged 2 to 5 years with complete deciduous
dentition were included in the study. Teeth
presenting caries and/or extensive restorations were
not evaluated. Children with behavioral disorders
or who refused to undergo oral examination were
excluded.
Diagnostic assessment of tooth wear was performed
using the following scale devised by Hanson and
Nilner, including grade 0 (no wear), as referred by
Rendon5
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Grade 1: Enamel wear facets
Grade 2: Enamel wear facets and islands of dentin
measuring up to 1mm in diameter.
Grade 3: Wear of the incisal surface; wear facets are
pronounced and extend in a lingual or buccal
direction.
Grade 4: Tooth wear facets involving the pulp
chamber.
RESULTS
A total of 92 children were evaluated, six of whom
were excluded due to multiple active caries (n=3)
and behavioral disorders (n=3). Hence, the final
study sample comprised 86 children who complied
with the inclusion criteria.
Sixty percent of the children were aged 2 to 3 years,
and the remaining 40% were aged 4 to 5 years;
56.5% were boys.
The data regarding the sociodemographic factors
showed that the majority of children were under the
care of women who had finished high school and were
home makers. Most families lived in apartments.
One hundred percent of the studied children had
tooth wear. Most of the studied children (78%) had
moderate, grade 2, tooth wear (Figs. 1 and 2). Grade
3 wear facets were observed in a smaller proportion
of children (22%), and were found to increase with
age (Table 1). No differences were observed between
sexes.
Analysis of the degree of tooth wear according to
type of tooth showed the presence of grade 2 wear
in 86% of incisors, 88% of canines, and 81% of
molars. Thus, the incidence of tooth wear was
similar in all anatomical groups of teeth (Table 2).
In the present study, tooth wear grade 0 and 1 were
grouped in the same category since the aim was to
focus on observable lesions. Because molars had
not erupted, or fully erupted, in some of the 2 year
olds, 72 teeth that had not reached occlusion were
not included in the final count of the number of
studied teeth (Table 2).
DISCUSSION
The present study shows the high prevalence of
tooth wear in deciduous teeth in the studied
population. Given that the sample included children
recruited from a single school, largely homogenous
results were expected. Although the causes of tooth
wear were not explored in this study, which sought
to determine the prevalence and severity of the
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Table 1: Maximum severity of tooth wear in each
age group.
Age

Fig. 1: Grade 2 wear facets involving the enamel of the first
molar and upper incisors.

Number of studied
children

Children showing
tooth wear n (%)
Grade 2

Grade 3

2-3

53

48 (90.6%)

5 (9.4%)

4-5

33

19 (57.6%)

14 (42.4%)

Table 2: Severity of tooth wear according to age
and type of tooth (Number of teeth).
Severity
Grade

2 year
-olds

3 year
-olds

4 year
-olds

5 year
-olds

Incisors
Grade 0-1

13

9

13

2

Grade 2

130

269

191

5

Grade 3

1

2

36

17

Canines
Grade 0-1

5

1

2

0

Grade 2

66

131

104

2

Grade 3

1

8

14

10

Molars

Fig. 2: Enamel wear facets and islands of dentin on the upper
incisors.

lesions, the homogeneity of the results would
indicate that the observed tooth wear was mainly
due to physiological processes of mastication, and
it is therefore logical that severity should increase
as the age of the child increases.
It has been shown that the structure of deciduous
teeth is less resistant than that of permanent teeth 8.
This would account for the high prevalence of tooth
wear and the similar frequency of tooth wear facets
and severity in the different types of teeth and at an
early age.
In addition to mastication forces, other factors such
as the erosive capacity of certain foods and occlusion
disorders can contribute to the development of tooth
wear 9,10. These factors often cause lesions that involve
a certain tooth or group of teeth more than other teeth,
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Grade 0-1

0

19

71

7

Grade 2

71

259

169

0

Grade 3

1

2

0

17

or that show a greater severity. Recognizing this type
of lesion could contribute to assessing increased pulp
risk as well as detecting inappropriate eating habits
and abnormal occlusion, which in turn may be caused
by neurological or psychological disorders that
require a multidisciplinary approach 11 15. In order to
discriminate expected lesions resulting from
physiological processes from those caused by other
etiopathogenic factors, it is necessary to have
objective indicators. The index used in the present
study is a semiquantitative tool that involves simple
interexaminer calibration. Nevertheless, it is
necessary to reach consensus to establish a validated
index with precise quantitative parameters that allows
establishing adequate comparisons among studies
conducted in different populations.
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ABSTRACT
Hygiene deficiency causes type 1 (oral) halitosis. There are
short and longterm studies on the antihalitosis effect of mouth
rinses but less knowledge on their instant effects. The aim of
this study was to compare instant and freshness effects of 8
mouth rinses on type 1 halitosis.
Ninety selfreported halitosis patients (1958 y.o., median 31)
were randomly divided into 9 groups. Cysteine (20 mM)
challenge test was applied to obtain maximum halitosis level in
the mouth of each patient. Single use of 8 different mouth rinses
(R1R8) and tap water (R0) were tested on each group (n=10).
Afterward, patients were requested to score oral freshness effect
of the mouth rinse on a 5point scale (0, bad; 5, fresh). Minimum
halitosis level was obtained by rinsing with 20 mMol ZnCL2. In
each step, oral gas (organic, NH3, SO2, H2S, H2) concentrations
were quantified by using a portable multigas detector (MX6,

IndSci, US). The ANOVA or Kruskal Wallis tests were used to
compare the quantitative measurements.
R3 (Halitosil Zn) mouth rinse was found to be have the highest
instant antihalitosis effect while the R2 (Colgate plax) had the
lowest. The sensation of freshness was highest in R7 (Oxyfresh
power mouth rinse lemonmint) and lowest in R8 (Signal expert
protection). The freshness effect was not associated with the
antihalitosis effect (r= 0.185, p=0.608).
Mouth rinses containing ZnCl2 without alcohol are instantly
effective on halitosis. Mouth rinses containing ethyl and other
alcohols (including glycol, sorbitol, menthol, eucalyptol, thymol,
xylitol and eugenol) were found to be less effective on halitosis.
Received: May 2019; Accepted: August 2019

Keywords: halitosis; mouthwashes; breath tests; hydrogen
sulfide; ammonia.

Efecto anti-halitosis instantáneo y efecto de frescura de los
enjuagues bucales sobre la halitosis (oral) tipo I
RESUMEN
La deficiencia de higiene causa halitosis tipo 1 (oral). Se han
reportado efectos antihalitosis a corto o largo plazo de los enjua
gatorios bucales, pero se desconocen sus efectos instantáneos. El
objetivo de este estudio fue comparar el efecto instantáneo y de
frescura de 8 enjuagues bucales en la halitosis tipo 1.
Noventa pacientes (1958 años, mediana 31) que reportaron
sufrir halitosis se dividieron aleatoriamente en 9 grupos. Se
aplicó la prueba de provocación con cisteína (20 mM) para
obtener el máximo nivel de halitosis en la boca de cada
paciente. El uso individual de 8 enjuagues bucales diferentes
(R1R8) y agua del grifo (R0) se probó en cada grupo (n = 10).
Posteriormente, se pidió a los pacientes que puntuaran el
efecto de la frescura oral del enjuague bucal en una escala de
5 puntos (0, malo; 5, fresco). El nivel mínimo de halitosis se
obtuvo con 20 mMol de ZnCL2 enjuague. En cada paso, se
cuantificaron las concentraciones de gases orales (orgánicos,
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NH3, SO2, H2S, H2) mediante el uso de un detector portátil de
múltiples gases (MX6, IndSci, EE. UU.)Se encontró que el
enjuague bucal R3 (Halitosil Zn) tiene un mayor efecto anti
halitosis instantáneo, mientras que el R2 (Colgate plax) fue el
más bajo. El sentido de frescura fue mayor en el enjuague bucal
R7 (enjuague bucal Oxyfresh power lemonmint) mientras que
fue bajo en R8 (protección experta de Signal). El efecto de
frescura no se asoció con el efecto antihalitosis (r = 0.185,
p=0.608).
Los enjuagues bucales que contienen ZnCl2 sin alcohol son
instantáneamente efectivos en la halitosis. Se encontró que los
enjuagues bucales que contenían etil y otros alcoholes
(incluidos glicol, sorbitol, mentol, eucaliptol, timol, xilitol y
eugenol) son menos efectivos para el control de la halitosis.
Palabras clave: halitosis; enjuagues bucales; pruebas de
aliento; sulfuro de hidrógeno; amoníaco.
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INTRODUCTION
Halitosis is a chronic endogenous malodor, etiologi
cally classified as follows: physiological (type 0),
oral (type 1), airway (type 2), gastroesophageal (type
3), bloodborne (type 4) and subjective (type 5).1
The dorsoposterior area of the tongue is the most
important halitogenic site due to the presence of
densely populated biofilm containing anaerobes 2 .
The causes of type 1 halitosis are usually poor oral
hygiene, plaque stagnation areas, gingivitis and
tongue coating.13
Type 1 halitosis is mostly composed of volatile
sulfur compounds (VSCs) but also contains other
volatile aromatic compounds including amines
(indole, skatole, pyridine, picoline, urea, ammonia,
methylated amines, putrescine, cadaverine), short/
mediumchain fatty acids or organic acids (propionic,
butyric, acetic, valeric acids), alcohols (methanol,
ethanol, propanol), volatile aliphatic compounds
(cyclopropane, cyclobutane, pentane), aldehydes
and ketones (acetaldehyde, acetone, benzophenone,
acetophenone).3 Presence of hydrogen sulfide (H2S)
in the mouth has been accepted as a representative
criterium of halitosis. 4 VSCs have been used to
compare antihalitosis effect of mouth rinses
tested.5,6 Other oral gases were assumed to be absent
from the mouth cavity of halitosis patients.7
Traditional dental or periodontal treatments supported
by mouth rinses provide only temporary relief in
most patients.8 Commercially available products,
such as mints, toothpaste, mouth rinses, sprays
and chewing gums, attempt to mask oral malodor
with pleasant flavors and fragrances. 9 According to
the literature, good results were reported with
chlorhexidine (CHX), while triclosan seems less
effective. Essential oils and cetylpyridinium
chloride (CPC) are only effective up to 2 3 hours,
and antimicrobial ingredients are only temporarily
effective in reducing microorganisms.9
In a systematic review of the antihalitosis effect of
mouth rinses; most of the products were found to
have beneficial effects in reducing oral malodor.
Adequate evidence was provided by both short
term (less than 3 weeks) and longterm studies on
the effect of CHX, CPC and zinccontaining
mouth rinses on oral malodor.10 The mediumterm
(less than 2 weeks) efficacy of mouth rinses was
also investigated, and CHX, CPC, zinc salts and
ZnCl2 were found to be the most effective against
oral halitosis.11
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Patients with halitosis need to use a fastacting
mouth rinse before social approach. Antihalitosis
mouth rinses are usually expected to provide instant
effect. There is currently little available knowledge
on which are the most fastacting, instantly effective
mouth rinses.
The aim of this study was to quantify instant the
antihalitosis and freshness effects of 8 mouth rinses
by comparing different gases using a multigas
detector.
MATERIALS AND METHODS
Study design and population
This was a singlecenter, randomized, doubleblind,
parallelgroup clinical trial with a single use of
mouth rinses. The study enrolled 90 patients, of
whom 52 were female (1958 y.o., median 31) who
selfreported oral malodor. More than 0.7 ppm H2S
in their mouth was confirmed by halitometry.
Patients with possible extraoral causes of oral
malodor such as upper respiratory infections, as well
as those with taste and smell disorders, sinonasal
disorders (nasal polyps, chronic rhinosinusitis,
allergic rhinitis, septum deviation), any history of
asthma, malignancy, head trauma, neurologic and
psychiatric disorders (schizophrenia, obsessive
compulsive disorder, social anxiety disorder),
metabolic and endocrine disorders (diabetes mellitus,
hypogonadism, liver or kidney disease) were
excluded. Pregnant or lactating women, patients
taking antimicrobials, and smoking or drinking
individuals were also excluded.
All subjects who took part in the experiment signed
written informed consent, after having received an
explanation of the protocol approved by the Ethics
Committee of Cumhuriyet University (201605
02). This study was conducted in full accordance
with the World Medical Association Declaration of
Helsinki.
Patients were asked to avoid odorous foods (such
as onion, garlic) in their diet for 48 h before their
appointment, and to refrain from alcohol intake and
smoking 12 h prior to the halitosis examination. Gas
measurements were taken blindly between 09:00
and 11:30 a.m.
Baseline gas measurement
Patients were randomly divided into 9 groups. Each
participant’s baseline volatile organic compound
(VOC), NH3, SO2, H2S and H2 levels in oral air were
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measured using a portable multigas detector (MX6,
IndSci, US) following a previously described
procedure.12 These initial values of the 5 gases were
used as individualized control data.
Cysteine challenge test
The cysteine challenge test13 was carried out as
follows: 5 ml of 20 mM (2.43 g/L) aqueous L
Cysteine solution (#1.02839.0100, Merck) was
placed in the mouth and held in contact with the
dorsal part of the tongue for 30 s to generate H2S in
the mouth to challenge oral halitosis.
After 3 min, emerging H2S in the oral cavity was
measured and recorded as maximum halitosis level
for each halitosis patient.
After this stage, each group (n=10) gargled for
30s with 10 ml of one of the mouth rinses listed
in Table 1.
Oral gas concentrations were read blindly and
recorded. Immediately after rinsing, participants
were requested to score the oral freshness effect
(FE) of the mouth rinse by answering the question
“How fresh does your mouth feel?” on a 5point
scale from 0 (bad taste) to 5 (extremely fresh).
Answers were recorded.

Finally, to remove the odor of cysteine from the
mouth, subjects gargled with 10 ml of 20 mMol
ZnCL2 solution (Tekkim, TK800000.01000, Tr) for
30 s, after which oral gases were reread. This value
represented the minimum halitosis level for each
halitosis patient.
Statistical analysis
MedCalc v.18.5 software (MedCalc, Belgium) was
used for all statistical analyses, and the data were
reported as mean ± standard deviation (SD). The
KolmogorovSmirnov test was used to show the
normal distribution of quantitative measurements,
and the ANOVA or Kruskal Wallis tests were used
for the comparison of the quantitative measurements
between the groups of more than two. A posthoc
test (using Scheffe or Conover) was performed for
pairwise comparison of subgroups when the
ANOVA test was positive (p less than the selected
significance level). Pearson correlation coefficient
was used to analyze the degree of association
between two variables. A log transformation was
used for the variables that were not normally
distributed. The probability of making a Type I error
(alpha, significance) is 0.05 in all tests.

Table 1: Mouth rinses used in this study and their content (in alphabetical order).
Number

Mouth rinse

Ingredients

R0

Tap water

Water

R1

Cb12

Water, glycerin, hydrogenated starch hydrolysate, alcohol, zinc acetate dihydrate.
Chlorhexidine, diacetate, sodium fluoride, peg-40, hydrogenated castor oil, potassium
acesulfame, citric acid, aroma.

R2

Colgate Plax

Water, glycerin, alcohol, propylene glycol, sorbitol, polysorbate 20, sodium benzoate,
aroma, menthol, cetylpyridinium chloride, Sodium fluoride (0.025%), experimental
sodium saccharin, cl4290.

R3

Halitosil Zn

Zinc chloride, sodium chloride, boric acid, deionized water, glycerin.

R4

Listerine total
care zero

Water, sorbitol, propylene glycol, poloxamer 407, sodium lauryl sulfate, aroma, eucalyptol,
zinc chloride, benzoic acid, sodium benzoate, methyl salicylate, thymol, sodium saccharin,
sodium fluoride, menthol, sucralose, cl16035, cl42090, sodium fluoride (220ppm).

R5

Oderol

Chlorhexidine digluconate (0.025%), zinc lactate, mentha piperita, sucralose, deionized
water.

R6

OralB proexpert

Water, glycerine, aroma, cetylpyridinium chloride, poloxamer 407, methylparaben,
sodium saccharin, cinnamal, propylparaben, eugenol, cl4290.

R7

Oxyfresh power
mouthrinse
lemon-mint

Water xylitol, peg-40 hydrogenated castor oil, sodium chloride, Zinc acetate, Natural flavor,
Citrus citrus medica limonum (lemon) fruit oil, Citrus grandis (grapefruit), Peel oil, Citrus
aurantifolia (Lime) oil, Mentha viridis (spearmint) leaf oil, aloe barbadensis leaf juice
sucralose, sodium citrate, citric acid, sodium hydroxide.

R8

Signal expert
protection

Water, sorbitol, Peg-40, hydrogenated castor oil, potassium citrate, glycine, sodium
benzoate, aroma (flavor), citric acid, zinc sulfate, sodium saccharin, sodium fluoride,
propylene glycol, citrus medica limonum juice, Aloe barbadensis leaf extract, limonene,
cl 42051, cl 47005.
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RESULTS
Initial concentrations of the five gases (VOC, NH3,
SO2, H2S, H2) for each mouth rinse group (n=10) are
provided in the left column of Table 2. No significant
differences were noted within the baseline readings of
the patients. The decrease in baseline concentrations

of 5 gases after 1) cysteine rinse, 2) mouth rinse tested
and 3) ZnCl2 solution are also shown in Table 2. Table
3 shows the average values of each gas, calculated
from the data provided in Table 2.
After the cysteine rinse, H2S gas increased in the
mouth while all other gases decreased. Then,

Table 2: Initial concentrations of gases and their average decrease according to the each step of the study.
Mouth
rinse

Gases

Initial concentration
(ppm±SD)

Decrease
(ppm±SD)
Cysteine

Mouth rinse

ZnCl2

R0

VOC
NH3
SO2
H2S
H2

1.27 ± 1,22
5.70 ± 2.66
0-00 ± 0.00
1.28 ± 0.56
11.20 ± 11.77

0.42 ± 0.40
2.10 ± 1.37
0.00 ± 0.00
-10.17 ± 4.12
6.90 ± 6.22

0.28 ± 0.42
2.8 ± 1.47
0.00± 0.00
3.4 ± 2.36
3.3 ± 5.37

0.28 ± 0.46
0.7 ± 0.48
0.00 ± 0.00
7.22 ± 3.29
0.60 ± 1.42

R1

VOC
NH3
SO2
H2S
H2

1.43 ± 0.44
3.7 ± 2.26
0.00 ± 0.00
1.29 ± 0.58
16.8 ± 10.12

0.24 ± 0.26
1.60 ± 1.57
0.00 ± 0.00
-10.02 ± 5.27
5.50 ± 5.16

-36.53 ± 7.55
-8.04 ± 4.1
-0.06 ± 0.13
0.96 ± 2.16
-215.5 ± 94.34

36.15 ± 7.79
8.54 ± 3.71
0.06 ± 0.13
9.54 ± 5.79
215.4 ± 93.94

R2

VOC
NH3
SO2
H2S
H2

1.52 ± 1.23
1.80 ± 0.91
0.00 ± 0.00
1.54 ± 0.87
12.2 ± 10.62

0.20 ± 0.35
0.20 ± 0.78
0.00 ± 0.00
-15.11 ± 10.25
2.00 ± 2.70

-53.91 ± 19.08
-1.40 ± 0.96
-0.07 ± 0.11
1.03 ± 2.05
-218.2 ± 95.68

53.22 ± 19.94
1.90 ± 0.99
0.07 ± 0.11
14.07 ± 11.03
219.1 ± 93.72

R3

VOC
NH3
SO2
H2S
H2

1.75 ± 0.96
3.90 ± 2.21
0.00 ± 0.00
1.42 ± 0.96
15.00 ± 6.76

0.38 ± 0.40
1.63 ± 1.43
0.00 ± 0.00
-17.10 ± 14.67
5.00 ± 3.31

0.83 ± 0.56
1.54 ± 1.43
0.00 ± 0.00
17.54 ± 15.25
6.63 ± 5.44

0.4 ± 0.37
0.45 ± 0.68
0.00 ± 0.00
0.32 ± 0.27
2.72 ± 2.61

R4

VOC
NH3
SO2
H2S
H2

1.82 ± 1.11
3.20 ± 2.60
0.00 ± 0.00
1.52 ± 0.94
6.76 ± 4.95

0.40 ± 0.39
1.15 ± 1.28
0.00 ± 0.00
-13.88 ± 9.30
0.61 ± 3.68

-25.03 ± 17.70
-0.53 ± 0.77
-0.046± 0.11
3.43 ± 5.20
2.84 ± 2.91

25.18 ± 18.03
0.38 ± 3.66
0.04 ± 0.11
10.9 ± 9.35
1.3 ± 1.31

R5

VOC
NH3
SO2
H2S
H2

1.87 ± 0.61
4.5 ± 3.54
0.00 ± 0.00
1.91± 1.36
12.71± 10.26

0.40 ± 0.28
0.78 ± 0.57
0.00 ± 0.00
-18.37 ± 16.42
5.07± 3.58

0.24 ± 0.59
-2.35 ± 1.7
0.00 ± 0.00
10.93 ± 9.79
3.71± 5.36

0.79± 0.54
5.0± 3.8
0.00 ± 0.00
8.69± 8.15
3.42± 4.23

R6

VOC
NH3
SO2
H2S
H2

1.76± 1.00
2.60±1.95
0.00± 0.00
1.62± 1.07
12.40± 7.02

0.38± 0.56
0.80± 0.63
0.00 ± 0.00
-14.94± 12.97
6.00± 4.49

-2.18± 1.45
-1.50± 0.97
-0.21± 0.22
4.42± 4.45
-50.9±18.09

2.43± 1.25
2.60± 1.82
0.21± 0.22
10.98± 9.61
52.5±16.56

R7

VOC
NH3
SO2
H2S
H2

2.43 ±1.01
2.60 ±1.80
0.00 ± 0.00
1.62± 1.03
17.54± 9.16

0.40 ± 0.21
0.72 ± 0.90
0.00 ± 0.00
-13.66± 9.15
4.45± 3.72

-3.75 ± 3.09
-2.90 ± 2.11
0.00 ± 0.00
11.87± 7.39
7.09± 4.90

4.14± 3.14
3.45± 2.06
0.000± 0.00
2.01± 3.26
2.27± 4.49

R8

VOC
NH3
SO2
H2S
H2

2.16± 1.24
3.10± 3.48
0.00 ± 0.00
1.32± 0.97
17.42± 29.93

0.61± 0.45
1.71± 2.43
0.00 ±0.00
-10.97± 7.61
9.21 ± 17.44

-27.9± 16.19
-6.07± 4.42
0.00 ± 0.00
0.25± 3.53
3.85 ± 7.72

27.69± 16.11
5.21± 5.38
0.00 ± 0.00
11.18± 8.75
0 ± 3.13

Negative value means increase
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depending on the chemical content of mouth rinse
tested, gas concentrations changed. In the final step,
after the ZnCl2 solution, all gases decreased sharply,
as shown in Table 3.
The average ratios of the inhibitory effect of each
mouth rinse on all gases were calculated from
Table 2 and sorted as follows (from highest to
lowest): 57.88 % (R3), 42.12 % (R0), 11.13 % (R5),
41.39 % (R7), 201.98 % (R6), 344.09 % (R4), 
357.93 % (R8), 1070.25 % (R1), 1245.17 % (R2).
Negative values represent increase in gas concen
trations in the mouth immediately after mouth rinse.
R3 was the most effective and R2 the least effective
mouth rinse on oral gases, while the others were
found to have an intermediate effect.
The freshness effects of the mouth rinses were
sorted as follows: R7> R5> R3> R4> R1> R0>
R6>R8 (Fig 1). Freshness effect was not correlated
with antihalitosis effect (p=0.608, r= 0.185).

Corporation, Osaka, Jp) is sensitive to only three
sulfurous gases. Nevertheless, because there are
more than 70017 or 348118 gases in the human breath,
most of the gases would have been overlooked
if such a sulfide detector had been used in this
experiment.
The MX6 multigas detector has been used for
halitosis examination in previous clinical studies.7,12
According to the MX6 user manual19, the hydrogen
and photoionization sensors are sufficiently sensitive
to more than 72 volatile compounds and 116
organic gases, including major contributors to type
1 halitosis (VSCs, alcohols, aldehydes, ketones,
ammonia). A strength of this study was that it
measured a wide range of gases, enabling us to
compare not only 3 sulfurous gases but also non
sulfurous gases which can be present in the mouth
of halitosis patients. On the other hand, there were
some limitations, such as the facts that MX6 cannot

DISCUSSION
This study investigated instant antihalitosis effects
of 8 mouth rinses by comparing different gases
using a multigas detector in patients with type 1
halitosis. Mouth rinse R3 was the most effective
and R2 the least effective against oral gases.
Selfassessment is indeed the primary diagnostic
criterium for halitosis because it is the reason
why patients request halitosis examination. Self
assessment and/or feedback from other people in
the subject’s social environment have a prominent
place among all diagnostic tests.1416 The presence
of halitosis in participants was confirmed by
halitometry. No selfassessed participant had less
than 0.7 ppm H2S in the oral cavity.
Sulfide detectors are generally used to measure
halitosis. The Halimeter (Interscan, Chatsworth, CA)
can only detect H2S gas. Oral Chroma (Abimedical

Fig. 1: Freshness effect of the mouth rinses scored by
contributors (0 bad taste, 5 extremely fresh). R0R8 are the
mouth rinses listed in the Table 1.

Table 3: Average values of each gas at baseline, after cysteine, mouth rinse and ZnCl2, respectively.
Initial (ppm±SD)

Gas concentrations (ppm±SD) after:
Cystein

Mouth rinse

ZnCl2

VOC

1.80 ±1.03

1.41 ± 0.87

17.60 ± 21.10 *

1.13 ±1.06*

NH3

3.48 ± 2.70

2.29 ±1.90

4.44 ± 4.00

1.20 ± 2.10

SO2

0.00 ±0.00

0.00 ± 0.00

0.03 ± 0.11

0.00 ± 0.00

H2S

1.51 ± 0.96

15.4 ± 11.7

9.32 ± 8.6 *

0.98 ± 0.57

13.53 ±13.80

8.58 ± 8.30

52.3 ± 96.3*

3.89 ± 5.92

H2
* statistically significant
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distinguish which particular organic gas is present
in a gas sample, and that some unpredictable cross
reactions can occur between gas sensors.
However, the effectiveness of oral healthcare
products depends on active ingredients and their
concentrations.9 In the current study, the dose
dependent effects of ingredients could not be
investigated because, due to business conside
rations, mouth rinse manufacturers are unwilling to
disclose information regarding the ratio of active
ingredients.
Some clinical parameters, such as oral hygiene,
periodontal health, carious lesions, etc., were not
considered because the aim of the study was not to
detect causes of halitosis. Patients with periodontitis
were allowed to enroll in the study because they are
the most representative halitosis patients. The study
does not cover the longterm effect of mouth rinses,
which may differ from their instant effect.
Minimum halitosis level
Zinc at concentrations of 1% seems to be a safe,
effective metal for inhibiting halitosis.9 The zinc ion
inhibition on VSC production has been largely
attributed to its affinity for sulfur, although a
restricted antimicrobial effect of zinc on plaque
bacteria has been reported.20
ZnCl2 is the most effective zinc salt against oral
malodor due to its watersoluble structure. Zinc citrate
has been found to be less effective because it is
difficult to ionize, while other zinc salts show
intermediate levels of effectiveness on oral halitosis.21
ZnCl2 has already been used to achieve a minimum
halitosis level in the mouth.7,21,22 Unexpectedly, ZnCl2
not only reduced H2S but also reduced other gases.
After ZnCl2 rinsing, the VOC, NH3, SO2, H2S and H2
decreased 93.65%, 72.45%, 0%, 89.27%, 93.06%,
respectively (data calculated from Table 2).
Maximum halitosis level
(cysteine challenge test)
To challenge halitosis, using cysteine rinse in
healthy individuals is often used and widely
accepted way of designing such studies. 4,5,21,23,24 can
be useful to distinguish type 1 halitosis from other
types of halitosis.
Degradation of cysteine by oral bacteria is the
biochemical process in the formation of artificial
oral malodor. The magnitude of the H2S (peak)
response provides an idea of the tendency of the
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oral ecology to produce halitosis.21 The H2S peak
value depends on the proteolytic capacity of the
microbiota of an individual’s mouth, independently
of age and sex and momentary alterations of type 1
halitosis level. 7,12,21,22
Usually, 8.23 mM Lcysteine rinse for 1 min, or 10
mM,23 6mM (pH 7.2)5 or 6 mM (pH 7.1) for 20 s, 24
or 0.06 mM (pH 7.2) for 30 s have been used in the
cysteine challenge test.
In this study, oral H2S increased sharply after
cysteine (20 mM) rinse, and oral bacteria produced
H2S by using cysteine, rather than carbohydrates,
as an energy source. Other oral gases (H2 or VOC)
decreased, since carbohydrates were not used by
bacteria during cysteine challenge test (Table 3).
Previous black and white approach to diagnosis of
oral halitosis by onetime measurement with a
halitometer may be an oversimplification.1 It is
assumed that halitosis fluctuates every 2 minutes
throughout the day.25 Single instant gas readings, or
comparison of the reading to a predefined mathe
matical cutoff value, can lead to misdiagnosing
halitosis. It might be more accurate to consider a
scale between maximum and minimum levels for
each individual. Oral gas readings can be compared
with reference to these two points.1,12 For this
reason, this study determined maximum and
minimum halitosis levels by using cysteine and
ZnCl2 solution, respectively. This procedure, which
was used to diagnose halitosis in this study, can be
called “scalar approach”.
Effect of water on halitosis
Water rinse has been found not to reduce halitosis.13
However, some evidence on this matter is conflict
ing, since rinsing with 15 ml of water for 30 s has
been found to reduce oral H2S by 30%  50%.26 In
the present study, oral gas concentrations of VOC,
NH3, SO2, H2S and H2 decreased 32.94, 77.70, 0.00,
29.69 and 23.25%, respectively, by rinsing with tap
water (R0) (data calculated from Table 2). The anti
halitosis effect of water rinse probably simply
consisted of a dilution effect on oral gases, which
returned to initial values immediately after the
water rinse. NH3 was the most affected gas to be
suppressed by water rinse (data not shown).
Mouth rinses
Good shortterm results on halitosis were reported
with CHX. However, CHXcontaining mouth rinses
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are not suitable for long periods of use because
they can destabilize oral microbiota or cause tooth
staining, calculus formation, transient taste distur
bance and harmful effects on the oral mucosa.2729
Rinsing with 0.2% alcoholfree CHX for 1 week
caused irritation of oral mucosa and burning
sensation, and disturbed taste perception compared
to the placebo rinse.29 In this mouth rinse series, R1,
R2, R5 and R6 cannot be used for more than one
week due to the possible adverse effect of their
antiseptic content.
The present study found that CB12 mouth rinse
reduced oral H2S but increased other gases in the
oral cavity. This was confirmed by an additional
test; unfavorably halitosis treatment , this mouth
rinse was found to spontaneously release very high
concentration of VOC (52.96±8.20 ppm, n=10),
NH3 (3.6±1.1 ppm, n=10) and H2 (2057.2±154.7
ppm) in the headspace of its bottle at room
temperature (data not shown).
Triclosan, and metal ions such as stannous and zinc,
appear to be effective in controlling oral malodor.
The effects of Triclosan (34.5 mmol/L) and Zinc
Citrate (39.8 mmol/L), alone or in combination,
have been tested in vitro for oral bacteria grown.
Inhibitory effects were observed on oral bacteria
except for S. gordonii and S. oralis.30 However, the
ability to kill bacteria may not truly reflect the
success of the antihalitosis effect. Antimicrobial
mouth rinses merely suppress bacterial activity in
the mouth for a limited time.9
Essential oils and CPC were found to be more
effective than triclosan up to 2 or 3 h. Metal ions
and oxidizing agents, such as hydrogen peroxide
and chlorine dioxide, are active in neutralizing
VSCs. Thymol, Eucalyptol, Menthol, CPC, ClO2 +
Znacetate containing mouthwashes reduce oral
malodor within 4 h of a single usage. CPC was
found to be the most effective ingredient.31 In this
study, R2 contained CPC, but was found to be the
least effective, while another CPC containing R6
was found to have an intermediate level of effect
on oral gases.
Silwood CJ et al,6 tested six products on 6 volunteers
according to 7 treatment regimens. Twenty ml of 5
of products were examined. VSC concentrations
were recorded at 30 minutes intervals after
administration. All products reduced VSC within 20
minutes of treatment. VSC concentrations returned
to their baseline values within 5 h. The most effective
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oral health care products were found to be chlorite
anion and chlorine dioxide. In accordance with the
literature, the present study found that R3 and R7,
which contain chlorite anion (Sodium chlorite), were
both reasonably effective on oral gases.
Mouth rinses containing a combination of sodium
chlorite and ZnCl2 have been found to be more
effective than those containing ZnCl2 alone.20 In the
present study, R3 contained this combination that
was found to be the most effective rinse.
Alcohol(s)
The term “alcohol” traditionally refers to ethanol
(ethyl alcohol), although glycol, sorbitol, menthol,
eucalyptol, thymol, xylitol and eugenol are also
alcohols which may present in mouth rinses. All
alcohols are mild skin irritants.32 It has been
reported that a high content of alcohol, an acidic pH
and other ingredients constitute potential irritants
individually or synergistically with the other
components in the mouth rinse.33
The widespread use of alcoholcontaining mouth
rinses has also resulted in a number of reports of
mouth rinseassociated adverse effects, including
potential association with oral cancer.34,35 There are
controversial reports showing no causal relationship
between the use of alcoholcontaining mouth rinses
and the development of oral cancer.36 However, a
hydroalcoholic vehicle containing 21.6 to 26.9
percent of alcohol in a mouth rinse meets the
requirements of the FDA policy regarding fixed
combinations of overthecounter active ingredients
with antigingivitis/antiplaque action.
Alcohol is not required in antihalitosis mouth rinses
since it exacerbates halitosis by drying the oral
mucosa.2,3740. Most manufacturers do not need to
disclose alcohol content of rinses as ingredient but
Listerine, Plax, Scope, Signal, ACT, Viadent and
CB12 contain 26.9%, 7.5%, 18.9%, 14.5%, 6%, 10%
and 1.7% of alcohol, respectively.39 In the current
study, R1 and R2 were clearly labeled as containing
alcohol. In agreement with the literature, R1 and R2
were found to be the least effective on oral gases,
possibly due to their alcohol content. There is not
enough documentation to distinguish which alcohol
contributes to oral malodor. Nevertheless, alcohols
should not be preferred in the content of an anti
halitosis mouth rinse.
In 1978, Bernstein ML reported two cases of oral
mucosa white lesions associated with Listerine
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study. Even though SO2 is sulfurous, it might not
be a halitosis gas. Further studies on oral halitosis
gases are needed in the future.

mouth rinse, and subsequently reported the
experimental induction of hyperkeratotic white
lesions in hamster cheek pouches with the same
mouth rinse.33 The present study found that
Listerine Total (R4) was not an effective mouth
rinse on type 1 halitosis.
Instead of ethanol, R4, R6, R7 and R8 contained
other alcohols such as sorbitol, glycol, thymol,
eucalyptol, menthol and xylitol. These were found
to have intermediate effectiveness on oral gases. All
alcoholcontaining mouth rinses (R1, R2, R4, R6,
R8) released high concentrations of H2 and VOC to
the headspace of their bottle (data not shown). The
reason for some gases increasing in the oral cavity
immediately after rinsing may be the alcohol
content of the mouth rinse tested.
On the other hand, alcoholfree mouth rinses (R3, R5)
were found to be the most effective against oral gases.
H2 gas in the breath can be recognized by the MX6
and is also known as an indicator for inflammation. 12
It may be a good idea to monitor oral inflammation
by detecting oral H2 gas in the mouth cavity.
However, SO2 did not significantly alter within the

CONCLUSIONS
1. Mouth rinses containing Zn salts, especially
ZnCl2, were instantly effective on halitosis.
2. Mouth rinses containing ethyl and other alcohols
(glycol, sorbitol, menthol, eucalyptol, thymol,
xylitol and eugenol) were less effective on
halitosis than the alcoholfree mouth rinses.
3. Freshness effect was not associated with anti
halitosis effect.
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ABSTRACT
The aim of this study was to determine the differences in arch
length, intercanine distance, interpremolar distance, inter
molar distance and arch shape between dental discrepancies
(crowding and spacing) in a sample of dental casts from the
AfroColombian population of San Basilio de Palenque. An
analytical, crosssectional study was conducted on a
convenience sample of 63 subjects aged 11 to 57 years, of Afro
Colombian origin, with full dentition from first molar to first
molar, without extensive caries or restorations, and excluding
casts with defects due to loss. The differences between arch
(upper and lower) variables were analyzed according to dental
discrepancies. Plaster models digitalized with a TRIOS3 Mono
scanner with exactitude (6.9 ± 0.9 µm) and precision (4.5 ± 0.9
µm) were analyzed with Orthonalyzer software. Statistical

analyses were done on SPSS software (Version 20 for Windows)
and Real Statistics. Spacing discrepancy of 68.25% was found
for upper arch and 66.66% for lower arch; crowding
discrepancy of 19.04% for upper arch and 20.63% for lower
arch, and an adequate ratio of 12.69% for both arches. No
statistically significant difference (p>0.05) was found between
arch parameters except for interpremolar distance on the
lower arch. The most frequent arch shape in the population was
oval for both upper arch, with 76.19%, and lower arch, with
71.42%. Tooth size was larger in males than females but the
difference was not statistically significant.
Received: February 2019; Accepted: July 2019

Keywords: dental arch, malocclusion, diastema; dental crown;
jaw maxilla.

Parámetros de arco y discrepancia dental
(apiñamiento y espaciamiento) en una
muestra de población Afrocolombiana
RESUMEN
El objetivo de este estudio fue determinar las diferencias en
longitud de arco, distancia intercanina, interpremolar, intermolar
y la forma de arco entre discrepancias dentales (apiñamiento y
espaciamiento), en una muestra de modelos dentales de la
población afrocolombiana de San Basilio de Palenque. Se realizó
un estudio analítico transversal, en una muestra por conveniencia
de 63 sujetos con un rango de edad entre 11 y 57 años, de origen
afrocolombiano, quienes tuvieron dentición completa de primer
molar a primer molar, sin caries extensas, ni restauraciones; se
excluyeron los modelos con defectos por el vaciado. Se analizaron
las diferencias entre las variables de los maxilares (superior e
inferior) con las discrepancias dentales. Se utilizaron modelos de
yeso que fueron digitalizados con el escánerTRIOS3 Mono con
una exactitud de (6.9 ± 0.9 µm) y una precisión de (4.5 ± 0.9 µm)y
analizados con el software Orthonalyzer. Los análisis estadísticos

se llevaron a cabo utilizando el software SPSS (Versión 20 para
Windows) y Real Statistics. Se encontró una discrepancia de
espaciamiento de un 68,25% para el arco superior y 66,66% en
el arco inferior; y una discrepancia de apiñamiento en el arco
superior de 19,04% e inferior de 20,63% y una relación adecuada
de 12,69% para los dos arcos. No se encontraron diferencias
estadísticamente significativas (p>0.05) en los parámetros de
arco a excepción de la distancia interpremolar del arco inferior.
La forma de arco más frecuente en la población fue ovalada tanto
en el arco superior con un 76,19% como en el arco inferior con
un 71,42%. En cuanto al tamaño dental, se presentó mayor
tamaño en los hombres que en las mujeres, pero este no fue
estadísticamente significativo.

INTRODUCTION
Jaws undergo a number of changes during growth
and development, beginning with the embryo stage
and continuing through the development of

deciduous and permanent dentition1. In 2015,
Mauad et al.2 reported that the greatest changes in
size and shape of the jaws occur at two important
times during growth and development: the first
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during the deciduous dentition period (approximately
36 years of age) and the second during the eruption
of permanent dentition and until it is functional.
These changes involve the size and shape of dental
arches and continue to occur until the growth stage
has been completed3. Jaws change in size and shape
as a result of multiple factors, including bone
remodeling, position of teeth, sutural expansion of
the upper jaw, nutrition, environment and genetics,
among others46.
Adequate growth should lead to proper occlusion
between jaws, although in this regard, tooth size
should also be taken into account7. Tooth size
should correlate appropriately with the size of the
bony bases, since any discrepancy between them
could cause crowding or spacing8, with impacted,
rotated, displaced or excessively spaced teeth9. The
causes of discrepancy are not yet absolutely clear.
They have been related to different etiologies, such
as reduction in arch size, tooth size, and relationship
between tooth size and number of teeth10.
The association between dental crowding and tooth
and arch size have been studied previously. Howe et
al.11 reported that crowding was associated to smaller
dental arches rather than to larger teeth. Mills12
reported a significant correlation between crowding
and arch width. Radznic13 established that arch
length is highly correlated to crowding. Toothsize
discrepancy can also cause crowding or spacing, and
tooth mesiodistal width is considered a primary
etiological factor in spacing anomalies causing
malocclusion14. Barrett15 showed that tooth position
in the dental arch can be determined considering
tooth size and amount of space available for teeth in
the dental arch. Fastlicht16 reported two factors
responsible for dental crowding: larger tooth
mesiodistal dimensions and smaller dental arch sizes.
In 2018, Haidi et al.17 conducted a study on a Saudi
population, finding that tapered dental arches were
prevalent, with males having larger arches than
females, and discrepancy in tooth size in the
anterior segment. In 2000, Burris18 reported that
American blacks had square dental arches, and that
they were larger than in whites. There is little
information available on the shape and size of
dental arches in Colombian populations. Different
facial features may influence dental arch shape and
be related to the bony bases19. In 2016, Rodríguez
et al.20 conducted a study on Colombians of three
ethnic descents, including a sample of Afro

Vol. 32 Nº 2 / 2019 / 88-96

Colombian population from Puerto Tejada, Cauca,
on dental arch shape and size, finding that the oval
is the most frequent in all ethnic groups for both
jaws. Intercanine distance varied among arch
shapes, with significant difference in the upper arch,
particularly in triangular arches. No significant
difference was found between upper and lower arch
shape.
Populational studies have shown that there is a
wide range of tooth sizes17; e.g., American blacks
have significantly larger dental crown size than
American whites21, though they have been reported
to have more spacing on the arches22. Other studies
have shown variations in crowding and spacing in
different ethnic groups. Spacing prevalence ranges
from 6% to 50%, and crowding ranges from 5% to
80% in different populations2325.
The population in Colombia is considered mestizo,
as a result of a mixture of three large populations:
indigenous, African and European, which began
at the time of the conquest with the arrival of
Europeans, mostly Spaniards, who brought with
them African slaves26. Currently there are relatively
isolated AfroColombian populations, such as the
people of San Basilio de Palenque, who have kept
alive many of their customs, as well as maintaining
their genetics. Genetic studies on the population of
San Basilio de Palenque show a high African
component, with haplogroup E1b1aM2 from
eastern Africa, indicating that these people probably
have unaltered African heritage2628. The aim of
the current study was to determine differences in
arch length; intercanine, interpremolar and inter
molar distances, and arch shape between dental
discrepancies (crowding and spacing) in a sample
of dental casts from the AfroColombian population
of San Basilio de Palenque. Although Afrodescendant
communities have been reported to have larger teeth
than other populational groups, they also have a
high frequency of diastemas, so it is assumed that
this tooth sizearch length discrepancy may be due
to greater arch length and intercanine, inter
premolar and intermolar distances.
MATERIALS AND METHODS
An analytical, crosssectional study was performed
on a sample of 63 casts from 32 males and 30
females, aged 11 to 57 years, of AfroColombian
origin, from the town of San Basilio de Palenque,
Mahates Bolívar district, Colombia, who signed
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informed assent and consent. Casts were taken on
subjects who had complete permanent dentition
from first molar to first molar, upper and lower,
without previous orthodontic treatment, without
extensive caries, restorations or rehabilitations on
the mesial and distal surfaces. Casts with impression
defects, loss or fracturing, which prevented variables
from being recorded, were excluded. This study was
approved by the University ethics committee.
A TRIOS 3 Mono scanner was used to digitalize the
plaster casts with exactness 6.9 ± 0.9 µm and
precision 4.5 ± 0.9 µm. Orthonalyzer software was
used to view the casts in 3D for analysis. First, the
casts were formatted and canine tips, vestibular
cusps for first and second molars, and mesiovesti
bular cusp of first upper and lower molars were
located in order to measure the following distances:

Fig. 1: Measurement of transversal distance between homologous
teeth on digital maxillary cast.

Fig. 2: Measurement of arch length on digital mandibular cast.

Acta Odontol. Latinoam. 2019

maxillary and mandibular intercanine distance,
distance between maxillary and mandibular first
premolars, distance between maxillary and mandi
bular second premolars, maxillary and mandibular
intermolar distance (Fig. 1). Maxillary and mandi
bular arch length was evaluated by measuring the
distance between the vestibular surfaces of upper
central incisors and another tangent line connecting
the most distal points of the second premolars
(Fig. 2). Arch shape was determined by superimposing
square, oval and triangular arch shapes in occlusal
view on the 3D cast, both upper and lower, and
considering the shape most similar to the cast
analyzed (Fig. 3).
Dental arch discrepancy (crowding and spacing) was
considered as the difference between arch perimeter
and the sum of mesiodistal diameters from distal face
of the second premolar to the distal face of the
contralateral tooth, on both upper and lower arches.
Arch perimeter (basal region available in the arch)
was determined by adding the length segments of
maxillary and mandibular arch (A1 B1 C1 D1) where
A1 is the distance between the distal surface of the
second right premolar to the mesial surface of the
canine on the same side, B1 is the distance between
the mesial surface of the right canine to the midline,
C1 is the distance from the midline to the mesial
surface of the left canine, D1 is the distance from the
mesial surface of the left canine to the distal surface
of the second premolar on the same side. The sample
was classified into 3 groups: crowding (values less
than 1 mm), spacing (values higher than 1 mm) and
normal (values from 0.9 mm to 0.9 mm).

Fig. 3: Determination of arch shape on maxillary digital cast.
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Statistical analysis was performed using SPSS
software (Version 20 for Windows) and RealStatistics.
All measurements were taken by a single observer,
trained in taking measurements. To determine intra
rater error, measurements were taken 15 days apart for
19% of the sample, and Bland Altmand graphs29 and
Dahlberg and Houston statistics30 were applied.
RESULTS
The results of the paired Ttest for each variable
show that there was no difference in the average of
the measurements taken by a single rater (p>0.05),
accepting H0 for equal means. The Dalhberg values
for each variable (0.30 mm, 0.40 mm, 0.28 mm,
0.40 mm, 0.39 mm, 0.30 mm, 0.30 mm) show
control of the systematic random error for one rater.
In the upper arch, mean distances between canines,
between premolars (first and second), between
molars and arch length were greater in males than
females; nevertheless, there was no significant
difference (p<0.05) between any of the variables in
upper and lower arches (Tables 1 and 2).

No significant difference was found between sexes
for upper and lower tooth size (p>0.05) although
measurements were greater for males than females
(p<0.05) (Tables 3 and 4).
In the upper arch, spacing discrepancy was present
in 68.25% of the sample, crowding in 19.04%, and
normal ratio in 12.69%. For lower arch, there was
spacing in 66.66%, crowding in 20.63% and normal
ratio in 12.69%.
For upper arches, in subjects with spacing, 74.41%
of the arches were oval, 18.59% were square and
6.97% were triangular. In subjects with crowding,
75.0% of the arches were oval, 25.0% were
triangular and none square. In subjects with normal
arch ratio, 87.54% of the arches were oval and
12.45% triangular (Table 5).
For lower arches, in subjects with spacing, 73.80% of
the arches were oval, 14.28% square and 11.89%
triangular. In subjects with crowding, 61.51% of the
arches were oval, 30.73% triangular and 7.65% square.
In subjects with normal ratio, 75.01% of the arches
were oval and 24.98% were triangular (Table 6).

Table 1: Comparison of upper arch variables for both sexes.
UPPER ARCH
Female

Male

Mean

SD

Min

Max

Mean

SD

Min

Min

p

Inter-canine distance

36.53

3.37

30.07

44.01

35.66

2.64

29.25

38.15

0.27

Distance between 1st premolars

44.86

3.24

37.94

52.11

44.00

2.70

36.36

48

0.25

Distance between 2nd premolars

49.79

3.53

42.63

57.15

49.01

2.52

42.02

53.67

0.31

Distance between 1st Molars

54.69

3.37

46.91

62.09

53.81

3.34

42.1

59.01

0.30

Arch length

27.42

2.95

21.19

32.61

27.18

2.24

23.09

31.7

0.72

*significance p<0.05

Table 2: Comparison of lower arch variables for both sexes.
LOWER ARCH
Female

Male

Mean

SD

Min

Max

Mean

SD

Min

Min

p

Inter-canine distance

28.53

2.69

23.92

38.15

27.65

2.7

21.19

32.96

0.20

Distance between 1st premolars

36.35

2.32

31.66

41.99

36.36

0.29

32.26

41.26

0.98

Distance between 2nd premolars

42.44

3.08

36.54

49.51

41.41

3.5

28.62

47.94

0.22

Distance between 1st Molars

48.24

3.64

42.89

61.89

47.23

3.2

41.33

53.81

0.25

Arch length

24.01

2.99

30.97

17.16

23.94

2.48

18.82

30.22

0.92

*significance p<0.05
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Tables 7 and 8 show means and SD for the different
variables in the three groups (spacing, crowding and
normal ratio) in upper and lower arches. The means
for all variables were higher in the spacing group,
except upper arch length, although there was no
significant difference in the variables between
groups (p>0.05).
To explore the groups internally, the categories
spacing and crowding were divided. Crowding was

considered moderatetosevere in subjects with a
difference greater than 4 mm in available space /
required space ratio; and spacing was considered
moderatetosevere in subjects with a positive
difference of + 4 mm for this ratio. Comparison of
the moderatetosevere crowding and moderateto
severe spacing groups showed significant differences
(p<0.05) in the distances between first and second
premolar for both arches (Tables 9 and 10).

Table 3: Comparison of upper tooth sizes per sex.
1st Molar

2nd Premolar

1st Premolar

Canine

Lateral

Central

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

MALE

10.25

0.76

7.20

0.92

7.26

0.65

7.65

0.78

6.54

0.81

8.41

0.71

FEMALE

10.35

0.82

6.77

0.67

7.13

0.65

7.50

0.56

6.33

0.85

8.30

0.71

P

0.62

0.25

0.41

0.34

0.30

0.55

*significance p<0.05

Table 4: Comparison of lower tooth sizes per sex.
1st Molar

2nd Premolar

1st Premolar

Canine

Lateral

Central

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

MALE

11.02

0.83

7.41

1.08

7.16

0.69

6.69

0.69

5.77

0.65

5.18

0.51

FEMALE

11.06

0.97

7.28

0.66

7.18

0.62

6.51

0.65

5.67

0.61

5.07

0.59

P

0.88

0.58

0.96

0.42

0.60

0.59

*significance p<0.05

Table 5: Discrepancy ratio and arch shape in upper
arch.

Table 6: Discrepancy ratio and arch shape in lower
arch.

Discrepancy

Discrepancy

Arch Shape
Oval

Spacing

32

Crowding
Normal

Square

Arch Shape

Triangular

74.41%

8

18.59%

3

9

75.0%

0

0%

7

87.54%

0

0%

Oval

Square

Triangular

6.97%

Spacing

31

73.80%

6

14.28%

5

11.89%

3

25.0%

Crowding

8

61.51%

1

7.65%

4

30.73%

1

12.45%

Normal

6

75.01%

0

0%

2

24.98%

Table 7: Descriptive analysis of Spacing, Crowding and Normal in upper arch.
Spacing

Crowding

Normal

Mean

SD

Mean

SD

Mean

SD

P

Inter-canine distance

36.45

0.41

35.28

0.87

35.35

1.55

0.12

Distance between 1st premolars

44.85

0.39

43.30

0.97

43.69

1.46

0.07

Distance between 2nd premolars

49.79

0.41

48.59

0.88

48.41

1.59

0.11

Distance between molars

54.76

0.40

54.02

0.89

53.05

1.53

0.23

Arch length

27.05

0.42

27.82

0.47

27.8

0.89

0.11

*significance p<0.05
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Table 8: Descriptive analysis of Spacing, Crowding and Normal in lower arch.
Spacing

Crowding

Normal

Mean

SD

Mean

SD

Mean

SD

Inter-canine distance

27.92

0.38

27.49

0.58

28.77

0.83

Distance between 1st premolars

36.42

0.37

35.45

0.49

37.51

0.73

Distance between 2nd premolars

42.29

0.44

40.39

0.66

43.84

0.79

Distance between molars

47.65

0.45

45.95

0.73

49.11

0.96

Arch length

24.07

0.45

23.99

0.41

23.43

1.09

Source: Author

Table 9: Difference between severe crowding and severe spacing in upper arch.
Severe Crowding

Severe Spacing

Mean

SD

Mean

SD

p (T<=t) one
tailed

p (T<=t) two
tailed

Inter-canine distance

35.05

5.09

36.93

6.63

0.10

0.20

Distance between 1st premolars

43.10

11.89

45.55

6.96

0.12

0.24

Distance between 2nd premolars

48.27

18.28

50.21

7.25

0.22

0.44

Distance between molars

51.82

43.70

55.11

7.23

0.19

0.39

Arch length

27.71

6.19

27.69

8.08

0.49

0.98

*significance p<0.05

Table 10: Difference between severe crowding and severe spacing in lower arch.
Severe Crowding

Severe Spacing

Mean

SD

Mean

SD

p (T<=t) one
tailed

p (T<=t) two
tailed

Inter-canine distance

26.46

1.93

28.08

2.71

0.13

0.27

Distance between 1st premolars

34.75

1.04

36.98

2.21

0.019*

0.03*

Distance between 2nd premolars

40.52

1.05

42.69

2.58

0.019*

0.03*

Distance between molars

44.97

2.65

48.19

3.93

0.07

0.15

Arch length

23.05

1.42

24.03

3.14

0.18

0.37

*significance p<0.05

DISCUSSION
The aim of this study was to determine differences
in arch length; intercanine, interpremolar and inter
molar distances, and arch shape among subjects with
crowding and spacing dental discrepancies, in an
Afrodescendant population, in which there is
usually larger toothsize and frequent presence of
diastemas.
In the AfroColombian population study sample, we
found a greater frequency of spacing discrepancy

Vol. 32 Nº 2 / 2019 / 88-96

(68.25% for upper arch and 66.66% for lower arch).
These results are similar to those reported by
Burris18 for a black American population, in whom
greater presence of spacing was found.
In this population, the frequency of spacing was
high, but no significant difference was found in arch
parameters between groups (crowding and spacing).
However, because orthodontics traditionally
classifies discrepancies as severe, moderate and
mild, the sample was divided accordingly. Signi
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ficant differences between interpremolar distances
were found between the extremes – severe crowding
compared to severe spacing. This is in agreement
with a study on a Pakistani population by Faruqui31.
However, our results differ from other studies in
which the difference was greater for intercanine and
intermolar distances17,20. These results should be
considered with caution, due to the small sample size.
The most frequent arch shape in the study popula
tion was “oval”, both for upper arch (78.98%) and
lower arch (70.10%). These results are in agreement
with BedoyaRodríguez et al.20, who found a
frequency of 78.6% oval for upper arch and 74.3%
for lower arch in an Afrodescendant population in
the Cauca Department, Colombia. However, our
results differ from those reported by Burris18 in
American blacks, in whom the most frequent arch
shape was square. These results may be a consequence
of allometries in the growth and development
processes in North American and Latin American
populations.
Comparison between sexes showed no significant
difference in study variables. Therefore, no distinc
tion is made according to sex, and the sample is
taken as a single group, in contrast to other studies
that found significantly larger measurements in
males than in females for all variables6,18.
Dental crowding and spacing are known to be the
outcome of several etiological factors in permanent
dentition. However, discrepancy in the mesiodistal
size of upper and lower teeth is considered to be a
determining factor12,14. Although there is no statis
tically significant difference in tooth size between
sexes, teeth were slightly larger in males than in
females, whereas transverse arch measurements were
greater in females. For orthodontic diagnosis, the
amount of space deficiency or excess in the arch is
usually established according to the mesiodistal size
of teeth and the perimeter of the arches 3234. Some
studies suggest that other factors, such as tooth shape,
bony base shape, arch length and arch transversal
width play an important part in special discrepancies
and have implications in the diagnosis and treatment
plan5,6,17,18.
Crowding is also caused by dental compensation to
problems of archlength discrepancy. The current
study did not consider this variable because profile
radiographs were not available. It is therefore
recommended to use craniofacial radiographs in
future studies in order to relate malocclusions to
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dental discrepancies, considering that this popu
lation tends to have biprotrusion35.
Inclination of tooth long axes may be one of the
reasons for spacing. Maxillary teeth, particularly
incisors, tend to be more inclined over the basal arch,
as mentioned by Moorrees8 in a study finding that
the teeth in the mandibular arch had considerable
inclination with respect to the occlusal plane and
therefore the maxillary dental arch presented a larger
circumference than the bony base arch.
A possible cause of dental discrepancy (spacing and
crowding) in the study sample may be alterations in
tooth size, considering that diagnostic exploration
found low Bolton’s index in 34.9% of this
population14.
One of the limitations in this study is the lack of
standardization in transverse arch measurements.
Some authors use palatine and lingual cusps as
reference points8, others measure from the distal
fossae in premolars to the central fossa in molars29,36
and still others consider vestibular cusps, as we did
in the current study17,18. Nevertheless, the study
sample is not consistent with the representation of
the AfroColombian population, in addition to
which oral status made it difficult to meet the
exclusion criteria because the population is highly
susceptible to dental caries and edentulism37.
One of the problems in odontometric studies is the
low reproducibility of measurements. In this study,
error was controlled by ensuring that the rater was
sufficiently trained to achieve consistent results.
Analyses for orthodontic diagnosis should take into
account that if standards from other populations are
used, tooth size may vary as a result of sexual
dimorphism, greater ethnic influence or specific
kinds of malocclusion33. It is therefore essential to
evaluate the patient individually rather than
according to measurements or analyses performed
on other populations.
The current study found no significant differences
for arch parameters (arch length, arch shape,
intercanine distance, interpremolar distance, inter
molar distance, arch perimeter, tooth size) of dental
discrepancies (crowding and spacing). Greater
spacing discrepancy was found for both arches.
Moreover, no significant differences were found for
the variables (arch length, arch shape, intercanine
distance, interpremolar distance, intermolar
distance, arch perimeter, tooth size) between males
and females. The most frequent arch shape was
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oval. For subjects with spacing, the upper arch was
oval in 74.41% and the lower arch was oval in
73.80%. For subjects with crowding, the upper arch
was oval in 75.0% and the lower arch was oval in
61.51%. There were significant differences for

interpremolar distance in the lower arch when
severe crowding and severe spacing were compared.
Diagnosis of dental discrepancies should consider
not only arch size and tooth size, but also tooth
inclination and the individual skeletal component.
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ABSTRACT
The aim of the present study was to validate and establish a cut
off point and the predictive value of an adhesion test (AAMSMG),
as a microbiological method for evaluating cariogenic risk. The
study is based on a variant (20% sucrose) of a selective medium
descripted by Gold et al. (MSMG). This method differentiates
mutans group streptococci (MGS) by exacerbating the production
of insoluble extracellular polysaccharide which gives adhesion
to surfaces such as glass, plastic and dental enamel. Caries
assessment according to ICDAS was conducted in 154 patients
(aged >21 years) who were attended at Preventive and Community
Dentistry Department, School of Dentistry, University of Buenos
Aires, Argentina, between August 2017 to August 2018. The study
population was assigned to groups according to the presence/
absence of caries lesions: Group A: ICDAS lesion code =0 (L=0)
on all dental surfaces (n=23); and Group B: L>1 (n=131). After
mouthrinsing with distilled water, saliva samples were collected
with fasting and hygiene protocol, and sent immediately to
the Microbiological Diagnosis Laboratory, Microbiology
Department, School of Dentistry, University of Buenos Aires.
Samples were homogenized and serially diluted to the tenth. 100

µl of the dilutions were cultured in 25 cm2 sterile plastic flasks
containing 9.9 ml of modified selective medium described by Gold
(MSMGselective and differential medium). Cultures were
incubated in an anaerobic atmosphere at 36 ± 1ºC for 48 hours.
The supernatants were eluted and the samples washed with sterile
distilled water. Colony forming unit counts were performed by
calibrated researchers (Kappa ≥0.75) using a stereoscopic
microscope at 50X.
Mutans group streptococci (MGS) counts ranged from 1x104 to
1x105 CFU/ml in group A, and were higher than 1x106 CFU/ml
in Group B.
Statically analysis of results (ROC) showed that the AAMSMG
has a satisfactory predictive value (91%) and established a
cutoff point in 1.68x105 UFC / ml. This would indicate that
individuals whose MGS saliva counts are higher than the cutoff
value would be 5 times more likely to develop dental caries.
Adherence assay could be a useful microbiological predictor
of caries risk.
Received: May 2019; Accepted: August 2019

Keywords: mutans group streptococci; saliva; carious lesions.

Validación del Test de adherencia para el recuento de estreptococcos
del grupo mutans en muestras de saliva
RESUMEN
El objetivo del presente estudio fue validar, establecer el punto
de corte y valor predictivo de una técnica microbiológica para
evaluar el nivel de estreptococos del grupo mutans en saliva.
La técnica consiste en un test de adherencia que emplea un
medio selectivo modificado (20% sacarosa) descripto por Gold
et al. (TAMSMG). Este método permite diferenciar a los
estreptococos del grupo mutans (SGM) exacerbando la
producción del polisacárido extracelular insoluble que le
confiere adhesión a superficies como vidrio, plástico y esmalte
dental. De acuerdo con los criterios de ICDAS se sembraron
154 salivas de pacientes mayores de edad, que asistieron al
Servicio de Odontología Preventiva y Comunitaria de la
Facultad de Odontología de la Universidad de Buenos Aires
entre los meses de agosto de los años 2017 y 2018.
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La población estudiada fue asignada a dos grupos según la
presencia / ausencia de lesiones de caries: Grupo A: código de
lesión ICDAS = 0 (L = 0) en todas las superficies dentales (n =
23); y Grupo B: L> 1 (n = 131). Después de realizar un
enjuague bucal con agua destilada, las muestras de saliva se
recogieron según protocolo (ayuno de 4 horas y suspensión de
higiene dental de 12 hs). Las muestras se remitieron de
inmediato al Laboratorio de Diagnóstico Microbiológico,
Departamento de Microbiología de la Facultad de Odontología,
Universidad de Buenos Aires. Para su procesamiento, las
muestras fueron homogeneizadas y diluidas al décimo. Se
cultivaron 100 µl de las diluciones en botellas de plástico
estériles de 25 cm2 que contenían 9,9 ml de medio de Gold
modificado (MSMG20% sacarosa). Los cultivos se incubaron
en atmósfera anaeróbica a 36 ± 1ºC durante 48 horas. El
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sobrenadante se eluyó y las muestras se lavaron con agua
destilada estéril. Los recuentos de unidades formadoras de
colonias SGM fueron realizados por investigadores calibrados
(Kappa ≥0.75) utilizando un microscopio estereoscópico a 50X.
Los recuentos de SGM presentaron una variación entre 1x104
y 1x105 UFC/ml en el grupo A, mientras que en el Grupo B
fueron superiores a 1x106 UFC/ml.
El análisis estadístico de los resultados determinó una curva
ROC que establece para el TAMSMG un valor predictivo del

91% y un punto de corte en 1.68x105 UFC SGM / ml. Esto
indicaría que los individuos cuyos recuentos en saliva de SGM
sean superiores al valor de corte, tendrían 5 veces más
posibilidades de desarrollar caries (5:1). Este método podría
ser un instrumento útil al momento de evaluar (indicador
microbiológico) el riesgo cariogénico del paciente.

INTRODUCTION
Mutans group streptococci  MGS (S. mutans–
S. sobrinus) belong to the indigenous microbiota of
the oral cavity. However, given their metabolic
characteristics, they are closely associated with
caries lesions in humans1. Caries, a multifactorial
ecological infectious disease, is the result of
environmental changes triggered by the interaction
of many contributing factors including the environ
ment, bioavailability of substrates (sucrose), tooth
surface, and the presence of cariogenic biofilm2.
The persistence of such particular conditions
has been found to result in an increase in the
concentration and distribution of mutans group
streptococci. The ecological change is evidenced
by qualitative and quantitative remodeling of the
supragingival biofilm, which favors the production
of large amounts of soluble and insoluble extra
cellular polysaccharides and a marked pH decrease
at the salivaplaque interface. Production of
insoluble, mutans polysaccharides on the smooth
surfaces of teeth is an undisputed characteristic of
sucrosedependent biofilm, and is a relevant
cultural feature of MGS3.
Supragingival biofilm, which remodels and con
solidates through time, is able to withstand
environmental changes due to its ability to reorga
nize and become metabolically autonomous. This
is typical of mature biofilm (Quorum sensing) 4.
The strategy of preventive dentistry is based on
identification and establishment of the elements
that will facilitate diagnosis and foreseeing possi
ble short and midterm changes in the oral envi
ronment. To this end, indicators have been
developed to determine the likelihood of a patient
having the conditions needed for the occurrence
of microbiological, ionic, and chemical imbalan
ces that promote demineralization of dental tissues
(cariogenic risk – CR). Such indicators include

mutans streptococci and Lactobacillus spp (LB)
counts in saliva5.
Making clinical decisions is an extremely complex
process, and must ultimately rely on the usefulness
of a diagnostic test for patient management. It is
therefore essential to have detailed knowledge and
a thorough understanding of the precision of
different available diagnostic tools; in other words,
to understand the accuracy of each test in order to
classify patients in categories or according to status
with regard to the disease. For this purpose, statis
tical parameters such as sensitivity and specificity
of the diagnostic tests are assessed, and the positive
and negative predictive values are calculated based
on the prevalence of the disease that is to be
diagnosed, and are used to determine the usefulness
of the tool.
Efforts to obtain a reliable indicator for enumerating
salivary mutans streptococci have resulted in the
development of different isolation and identification
methods using selective and/or differential media6.
Some commercial kits are used as reference tables
(Cariesscreen®7 DentocultSM®8), whereas others are
diagnostic tests with a set cut off point.
Clinical microbiology laboratories seek to develop
different selective and differential media that allow
recovering the largest amount of MGS serotypes
occurring in the samples, and significantly diminish
the indigenous background microbiota. 911 The
broth used at our laboratory is a modification of a
selective medium designed by Gold for mutans
group streptococci 1215 (20%P/V sucrose SIGMA®)
Selectivity and specificity are adjusted to enhance the
production of insoluble, or mutant polysaccharides,
which are specific to MGS.
The aim of the present study was to validate and
establish a cutoff point and the predictive value of
an adhesion test (AAMSMG), as a microbiological
method for evaluating cariogenic risk.
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MATERIALS AND METHODS
Study Population
The study population comprised 154 male and
female patients aged more than 21 years (25.27±
7.25), who attended the Department of Preventive
and Community Dentistry, School of Dentistry,
University of Buenos Aires between August 2017
and August 2018.
All enrolled patients gave their written informed
consent. They were interviewed to obtain information
regarding on their diet, oral hygiene habits, frequency
of dental visits, and recent medicaldental treatments,
and were clinically examined and scored according
to the ICDASII criteria.16,17 The patients were then
assigned to one of the following groups : Group A
(n=23): patients without carious lesions (ICDAS II,
code 0) (L=0); Group B (n=131): patients with
carious lesions (L >= 1) 18.
METHOD
Patients who had received antibiotic therapy or
dental treatment within one month prior to sample
collection were excluded from the study. The
participants were instructed to come fasting and
without brushing their teeth on the day of sample
collection. Unstimulated saliva was collected by
spitting into a falcon tube for 1 minute. The obtained
sample was sent immediately to the Microbiological
Diagnosis Laboratory, Microbiology Department of
the School of Dentistry, University of Buenos Aires
and processed in keeping with the biosafety
protocols of the Institution. (Resol CD 287/07).
Saliva samples were homogenized by vortexing for
30 seconds and then were diluted to the tenth in
phosphate buffer solution (0.01M PBS pH 7). 100μl
of the pure and diluted samples were cultured in
sterile plastic flasks (25cm2 contact surface area),
containing 9.9 ml of modified selective media
described by Gold (MSMGselective and differential
medium with 20% sucrose). The inoculated flasks
were placed horizontally and incubated in anaerobic
conditions at 36 ±1ºC for 48 hours. Following the
incubation period, the flasks were gently inverted
several times in order to eliminate the colonies not
adhered to the plastic surface. The supernatants were
discarded, and the flasks were rinsed twice with
sterile distilled water.Colonies were counted by
calibrated observers (index Kappa≥ 0,75) in three
1cm2 fields , randomly distributed on the contact
surface of the flasks, using a stereoscopic microscope
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at 50X magnification. Total counts were corrected
taking into account the total contact surface area
(25 cm2), the 100 µl culture aliquot and the dilution
factor applied to the sample. Total salivary SGM
CFU /ml counts of saliva were thus calculated for
each patient.
An MI strain of Streptococcus mutans (SmMI)
(Arginine Dihydrolase, Mannitol, Sorbitol, Esculin,
Voges Proskauer – ROSCO® tablets and 6.5%
sodium chloride – hypertonic broth Britania S.A)
from the collection of microbial cultures of the
Microbiology Department was used as intraassay
control. The inoculum was adjusted to Nº 0.5 on
McFarland’s scale, and the culture was processed
under the same conditions as the experimental
samples. Sensitivity was determined by limiting
dilution. In addition, the viability of different strains
of indigenous microbiota was tested using a
modification of the selective medium developed by
Gold et al (MSMG). The studied strains were:
Staphylococcus aureus (Sa) ATCC 25923, Candida
albicans (Ca), Enterococcus faecalis (Ef) ATCC
29212, Escherichia coli (Ec) ATCC 25922, S mutans
(Sm) ATCC 25175, mutans group streptococci (MGS
SmMI) and Streptococcus sanguinis (SsMI), wild
strains included in our microbial culture collection.
Statistical Analysis
In order to determine the diagnostic value of the AA
MSMG test (sensitivity, specificity, and adequate
overall accuracy), the data were statistically analyzed
by plotting the Receiver Operating Characteristic
curve (ROC curve) using SPSS 2519.
RESULTS
Although the cultures of the studied strains (Sa, Ca,
SsMI, Ef and Ec) were found to grow in MSMG,
none of them adhered to the plastic surface of
the flasks as a result of insoluble extracellular
polysaccharide production. Total counts, macro and
microscopic morphologic features of the SmMI and
Sm ATCC 25175 strains were consistent with
reference values for growth in this medium (Figs 1,
2 and 3). 1 x 103 CFU/mL of saliva was the lowest
number of GMS that can be detected using this
technique. For validation of the AAMSMG as a
diagnostic tool, the data was processed by ROC
(Receiver Operating Characteristic)20 (Figs.4
and 5). Data analysis established 78.63% sensitivity,
56.52% specificity, 91.15% positive predictive
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value (PPV), 31.71% negative predictive value
(NPV) (Table 1), 1.68x105 UFC/ml cut off point
(Table 3), 0.722 areas below the curve (Fig 4), and
4.782 risk to develop caries (Table 2). This method
used in a population of 154 people showed that
levels of MGS counts higher than the cutoff point
(1.68 x 105 CFU/ml), increase the microbiological
risk of developing caries up to 5 times.
DISCUSSION
The caries process differs according to the genotype
of each individual and the environmental stimulus
to which the individual is subjected. Nevertheless,
Table 1: Analysis of ROC curve parameters.
Fig. 1: Polystyrene flask with mutans streptococci adhered
colonies.

95% C.I.
Lower
limit

Upper
limit

Prevalence of
the disease

85.06%

79.44%

90.69%

Correctly diagnosed
patients

75.32%

68.52%

82.13%

Sensitivity

78.63%

71.61%

85.65%

Specificity

56.52%

36.26%

76.78%

Positive predictive
value

91.15%

85.91%

96.39%

Negative predictive
value

31.71%

17.46%

45.95%

Likelihood Ratio +

1.808

1.125

2.906

Likelihood Ratio -

0.378

0.233

0.615

The positive predictive value of the AA-MSMG makes it a reliable method
to be used as a population-screening tool

Fig. 2: Colonies adhered with insoluble extracellular
polysaccharide.
Table 2: ROC curve. Risk estimation parameters.
95% Confidence interval
Value

Low

High

Reason for the
advantages for Sm
Count (High/Low)

4.782

1.898

12.050

For cohort
Presence of
caries= Yes

1.335

1.075

1.657

For cohort
Presence of
caries= No

0.279

0.133

0.587

Number of valid
cases

Fig. 3: Mutans group streptococci colony with insoluble
extracellular polysaccharide.
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AA-MSMG results in a population of 154 people shown that levels of
MGS counts higher than the cutoff point (1.68 x 105 CFU/ml), increase
the microbiological risk of developing caries up to 5 times
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Table 3: Group mutans streptococci counts
obtained using available methods.
Method

Reference Values (CFU/ml saliva)

AA-MMG

1.68x105

Cariesscreen

Dentocult
SM

1x104-1x105= low risk
2.5x105-5x105= moderate risk
>5x105= high risk
Class 0-1: <1x105
Class 2: between 0-1 and 3
Class 3: >1x106

Cariesscreen® and DentocultSM® are commercial kits behave as
reference tables, whereas the AA-MSMG is a diagnostic test with
a lowest set cutoff point.

in view of the multifactorial etiology, worldwide
distribution, and high prevalence of dental caries, it
is paramount to develop tools that allow measuring
the level of infection by microbial agents that are
indicators of the disease (MGS – LB )21, and which
can be applied in populations with high social
vulnerability in developing countries. The method
used in the AAMSMG involves collecting unsti
mulated saliva and counting colonies adhered by
mutans after serial rinsing, using a stereoscopic
microscope.
The method (AAMSMG contact surface area)
promotes an increase in the microbial specificity in
the sample. It allows and enhances insoluble exo
polysaccharide (IEPS) production by mutans
streptococci and provides the latter with stable and
insoluble adherence and cultural features that are
specific to colonies producing IEPS. Using serial
dilutions facilitates microbial counts by decreasing
operator error. Obtaining negative cultures for
MSG could mean that ecological balance has been
reestablished in healthy proportions.
Commercially available kits show ranges of
unspecific cariogenic microbial counts according to
tables provided by the manufacturer, and establish a
direct correlation with different levels of caries risk.
Although the usefulness of the AAMSMG to assess
caries risk per se has not been studied to date, the
results of the present study suggest that AAMSMG
can be used as a microbiological indicator.
The analysis of the obtained results showed that
sensitivity of the AAMSMG was 78.63% and PPV
was 91%. Kigmanet al22, however, obtained a
sensitivity of barely 31% using a similar culture
technique in MSB (Mitis Salivarius Bacitracin).6
The variations in sensitivity could be associated
Vol. 32 Nº 2 / 2019 / 97-102

Fig. 4: ROC Curve. Area under the curve:
Asymptotic 95%
Confidence Interval
Area

Std. Errora

Asymptotic Sig.b

Lower
Bound

Upper
Bound

0.722

0.063

0.001

0.598

0.846

the test result variable(s): RTO Sm has at least one tie between the
positive actual state group and the negative actual state group.
Statistics may be biased.
a. Under the non parametric as sumption
b. Null hypothesis: true area = 0.5

with the methodological characteristics of the test
and the use of magnification to perform microbial
counts. In comparison with other commercial
methods, such as CARIESCREEN®9, their results
are consistent with the cutoff point obtained in the
present study using the AAMSMG.
Studies conducted by Buischi et al.23 in Brazil and
by Klock et al.24 in Sweden showed that MGS
counts in saliva above 1.106 CFU/ml correlated
positively with the presence of dental caries. Their
results are above the cutoff point obtained in the
present study.
Other researchers, such as Sullivan et al.25, have
challenged the true predictive value of microbiological
indicators (MGSLB) in comparison with other
indicators of caries risk. As is often observed in the
literature, microbiological indicators are thought to
have poor validity per se, and are considered
reliable only when they present simultaneously with
high microbial counts (MGS) and clinical evidence
of caries. In view of their PPV, microbiological
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indicator must be considered as an additional
parameter that provide information about the level of
infection in a patient, and which could possibly
modified to contribute to restore the homeostasis
of the oral environment. This method has few
limitations; it needs trained observers to perform the
counts of specific and characteristic adhered colonies,
and basic laboratory equipment. Microbiological
diagnostic laboratory can employ it because the
method no poses severe operative difficulties.

In view of the sensitivity, PPV, ABC and risk values,
AAMSMG would seem to be an adequate cariogenic
screening test. It could be considered as a valid
diagnostic test to measure the infection level of a
cariogenic microorganisms group such as mutans
streptococci. This test will safely estimate the
likelihood of an individual developing caries when
salivary MGS counts are above the cutoff point. It will
reliably measure biological risk factor and contribute
to establishing cariogenic risk with greater certainty.
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ABSTRACT
Peripheral inflammation induces plastic changes in neurons
and glia which are regulated by free calcium and calcium
binding proteins (CaBP). One of the mechanisms associated
with the regulation of intracellular calcium is linked to ERK
(Extracellular SignalRegulated Kinase) and its phosphorylated
condition (pERK). ERK phosphorylation is important for
intracellular signal transduction and participates in regulating
neuroplasticity and inflammatory responses. The aim of this
study is to analyse the expression of two CaBPs and pERK in
astrocytes and neurons in rat trigeminal subnucleus caudalis
(Vc) after experimental periapical inflammation on the left
mandibular first molar. At seven days posttreatment, the

periapical inflammatory stimulus induces an increase in pERK
expression both in S100b positive astrocytes and Calbindin
D28k positive neurons, in the ipsilateral Vc with respect to the
contralateral side and control group. pERK was observed co
expressing with S100b in astrocytes and in fusiform Calbindin
D28k neurons in lamina I. These results could indicate that
neural plasticity and pain sensitization could be maintained
by ERK activation in projection neurons at 7 days after the
periapical inflammation.
Received: April 2019; Accepted: August 2019

Key words: neuroplasticity; pERK kinase; S100b protein;
Calbindin D28k; apical periodontitis; trigeminal nucleus.

Efecto de la inflamación periapical sobre
las proteínas fijadoras de calcio y ERK
en el núcleo trigeminal
periapical induce un aumento en la expresión de pERK, en el
número de astrocitos positivos para la proteína marcadora
astroglial S100b y en neuronas positivas para Calbindina
D28k, en el Vc ipsilateral respecto del lado contralateral
y el grupo de control. Además, se observó coexpresión de
pERK tanto en astrocitos S100b positivos, como en neuronas
fusiformes Calbindin D28k positivas, de la lámina I. Estas
observaciones podrían indicar que la neuroplasticidad y la
sensibilización al dolor podrían mantenerse mediante la
activación de ERK en las neuronas de proyección a los 7 días
de la inflamación periapical.

RESUMEN
La inflamación periférica induce cambios plásticos en las
neuronas y en la glía, los cuales están regulados por el calcio
libre y las proteínas fijadoras calcio (CaBP). Uno de los
mecanismos asociados con la regulación del calcio intrace
lular está vinculado con la fosforilación de la proteína quinasa
ERK. Asimismo, ERK fosforilado es importante para la trans
ducción de señales intracelulares y participa en la regulación
de la neuroplasticidad y las respuestas inflamatorias. El
objetivo de este estudio es analizar la expresión de dos CaBPs
y pERK en astrocitos y neuronas del subnúcleo caudal del
trigémino (Vc) después de una inflamación periapical experi
mental en el primer molar inferior izquierdo en ratas. A los
siete días posteriores al tratamiento, el estímulo inflamatorio

Palabras clave: neuroplasticidad; quinasa pERK; proteína
S100b; Calbindina D28k; periodontitis apical; núcleo trigeminal.

INTRODUCTION
Periodontal sensory information is transmitted by
the maxillary and mandibular branches of the
trigeminal nerve. The principal relay for orofacial

sensory information (A delta and C fibers) are the
laminae I, II and V of the trigeminal subnucleus
caudalis (Vc), which is the first center involved in
orofacial pain modulation1,4. After peripheral
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inflammatory reaction, the primary afferent neuron
at the dorsal horn of the Vc releases glutamate onto
the ipsilateral fusiform secondorder neurons,
which in turn increases the influx of calcium2.
These fusiform neurons localized in lamina I
project the nociceptive information to other higher
centers of the central nervous system4. At the same
time, glia and interneurons of Vc participate in the
local modulation of the nociceptive information1,5,6
and may induce morphological modifications as
well as biochemical, molecular, and functional
synaptic changes. Some of these plastic changes are
regulated by free calcium and Calcium Binding
Proteins (CaBP)7,9.
The calcium binding protein S100b is expressed
only in mature astrocytes10,11, and Calbindin D28k,
calretinin, parvalbumin are present in neurons12,13.
One of the mechanisms associated with the regulation
of intracellular calcium is linked to the mitogen
activated protein kinase (MAPK) pathways. Some
of these pathways are important for intracellular
signal transduction and participate in regulating
neural plasticity and inflammatory responses9,14,15.
There are four wellcharacterized subfamilies of
MAPKs: Extracellular signalRegulated Kinase
(ERK) 1/2, ERK5, cJun Nterminal Kinase (JNKs)
and p3816,17. Some authors have shown a sequential
activation of ERK immediately after a peripheral
injury. Initially, ERK is transiently phosphorylated
(pERK) in dorsal horn neurons, but only for a period
of few hours after injury, then in the microglia and
some weeks later in astrocytes14,18,19. It is assumed
that activation of ERK in glial cells is important for
the maintenance of pain states15,20.
However, there are no studies linking astroglia and
neuron activation of trigeminal nociceptive
pathway after apical periodontitis. The aim of this
study is to analyze the expression of calcium
binding proteins and ERK activation in astrocytes
and neurons in the trigeminal subnucleus caudalis
(Vc) at seven days after experimental periapical
inflammation in rats.
MATERIALS AND METHODS
This study was carried out on 16 female Wistar rats,
50 days old (weight about 140170 gr). The animals
in these experiments were used according to the
Guide for the Care and Use of Laboratory Animals,
National Academy of Science, USA and the
experimental protocol was authorized by the Ethics
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Committee of the School of Dentistry (8/1 1/2012
40) and Medicine (CD nº 2057/14) of Buenos Aires,
Argentina. They were housed in a room at about
24 °C, 12 h light/dark cycle and free access to water
and standard laboratory rat food. The animals were
divided into an experimental and a control group,
(n= 8 rats per group), in order to perform immuno
histochemistry, immunofluorescence and Western
blot analysis. All rats were deeply anaesthetized by
intraperitoneal injection of ketamine (100 mg/kg)
plus xylazine (14 mg/kg). The rats in the experimental
group were operated on the left mandibular first molar
to remove the occlusal enamel and dentin, in order to
locate the pulp chambers and root canal orifices. The
working length of root canal (occlusalapical) was
previously standardized by our laboratory at 4 mm.
Later, apical preparation of mesial and distal root
canals was done by instrumentation up to a 25 Kfile
(DentsplyMaillefer, Ballaigues, Switzerland).
After drying with sterile paper points (Sure Endo 
Excel Dental Supplies Ltd, mesial and distal root
canals were filled with guttapercha cones (Sure
Endo Excel Dental Supplies Ltd.) and ZOEbased
sealers (Grossman´s sealer Farmadental) by the
lateral compaction technique. Grossman´s sealer
was manipulated following the manufacturer´s
recommendations. Each cavity was then sealed with
glass ionomer restorative cement (Fuji II LC). After
recovery from anesthesia, animals were monitored
for signs of discomfort or pain, and body weight was
monitored until they were euthanized. After the first
day posttreatment, all operated animals returned to
normal behavior, including feeding. Animals in the
control group were not exposed to the experimental
treatment and received only the anesthetic protocol.
All animals in both groups were euthanized at 7 days.
Experimental (n=5) and control (n=5) animals were
anesthetized with ketamine/xylazine and fixed
transcardiacally using a modification6 of the original
perfusion method described by Gonzalez Aguilar and
De Robertis21. After euthanasia, brains were removed
and postfixed for 4 hours at 45º C. Subsequently,
the brains were washed 3 times in phosphate buffer
saline (PBS) (1 hour) and then stored at 4 °C in PBS
containing 0.01% sodium azide. Cryoprotection was
performed by immersion in 10% and 30% buffered
sucrose (120 min. and overnight respectively). After
that, brainstems were frozen at 20ºC. Cryostat
brainstem sections (30 µm) were sectioned using
a slide microtome and collected in phosphate
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buffer saline (PBS) to obtain floating sections for
immunohistochemistry. In this study, we selected
coronal sections from spinal cord cervical levels C4
to 5.6 interaural levels (6 – 1.5 mm caudal to obex)22.
The right (unstimulated, contralateral) side of each
brainstem was marked on the ventral face with a
blade for identification of the paired control side
(Fig 1A). Immunostaining was done by our
immunohistochemical technique protocol in free
floating sections with a procedure using an enzyme
method with chromogen; avidin biotin complex
(ABC) or immunofluorescence6. The primary
antibodies used were: anti astroglial calcium
binding protein S100b (rabbit polyclonal, Sigma
Aldrich Cat# HPA015768, RRID:AB_1856538,
1:800), Calbindin D28K (rabbit polyclonal,
CB38, Swant Immunochemicals, Cat# CB38,
RRID:AB_2721225, 1:5000) and phosphorylated
ERK (Santa Cruz Biotechnology Cat# sc7383,
RRID:AB_627545, 1:1000). Negative controls
were performed by replacing primary antibody with
goat serum. Briefly, for the ABC method, sections
were washed in TS for 40 minutes and then incubated
with appropriate biotin conjugated secondary
antibody 1:2000 (Jackson Immuno Research). When
immunofluorescence labeling was performed, anti
S100b or Calbindin D28K was combined with
pERK. After washing for 40 minutes with TS,
rhodamine red or fluorescein isothiocynanate
(FITC) conjugated secondary antibodies were used.
Western blot analyses were performed on brainstem
extracts from control (n=3) and operated rats (n=3).
Brainstems were cut along in the sagittal plane to
obtain the ipsilateral and contralateral side of Vc of
each group. Tissues were homogenized in a Potter
Elvehjem homogenizer, in 5 vol of TS containing 1
mM EDTA, 0.5% Triton X100, 1 mM PMSF, and
protease inhibition cocktail (SigmaAldrich). The
homogenate was centrifuged at 12000 g, 4ºC for 20
min and the supernatant was assayed for protein
concentration with the BCA Protein Assay Kit
(Thermo Scientific Pierce), according to the
manufacturer’s instructions. Aliquots of supernatant
corresponding to 30 µg of total protein were loaded
onto SDS12% polyacrylamide gels. The proteins
were electrotransferred to a PVDF membrane in
Trisglycinemethanol buffer and examined with
different antibodies.
Membranes were blocked for 1 h at room
temperature in a blocking solution containing 5%
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normal goat serum, 0.1 %, Tween20 in PBS (pH
7.4). The membrane was then incubated overnight
at 4°C with primary antibodies in the blocking
solution. The following primary antibodies were
used in the western blot experiments: rabbit
polyclonal S100b (1:1000), rabbit polyclonal
Calbindin D28K (1:1000), mouse monoclonal
pERK (1:1000) and mouse monoclonal GAPDH
(Glyceraldehyde 3phosphate dehydrogenase,
Santa Cruz Biotechnology Cat# sc166574,
RRID:AB_2107296; 1:5000) as loading control.
Membranes were rinsed three times with 0.1%
Tween20 in PBS for 10 min each, followed by
incubation for 1 h at room temperature with HRP
donkey antimouse IgG or antirabbit IgG, 1:2000
(Millipore). The blots were washed three times
for 20 min each and then processed for DAB/Ni
immunochemistry. Development of peroxidase
activity was carried out with 0.04% w/v 3,3’
diaminobenzidine (SigmaAldrich) plus 2.5% w/v
nickel ammonium sulphate (Baker) and 0.01%
H2O2. The reaction was stopped by adding tap water.
The hemimandibles were dissected, postfixed
overnight and radiographed. Then they were
decalcified in 10% EDTA/PBS for about 5 weeks,
dehydrated, clarified in toluene and embedded in
Paraplast. They were cut at 10 µm longitudinal
sections, collected on glass slides and stained
with hematoxylineosin to analyze the degree of
periapical injury and extent of inflammatory tissue
after canal instrumentation and filled up to the apex.
All stained sections were photographed in a
Zeiss Axiophot light microscope equipped with
epifluorescence by switching between FITC and
rhodamine filter sets. Photomicrographs were
captured at 24 bits per pixel resolution (8 bpp
x 3 colors) using an Olympus Qcolor 5 camera,
and identical light exposure parameters. The
morphometric analysis was performed using Image
Pro 6 (Media Cybernetics, Silver Springs, MD, USA).
Based on normal morphological criteria, on each side
and two levels of Vc per animal, the immunoreactive
cells were quantified per dorsal area of 0.01 mm2.
Results are shown as mean and SEM. Data were
statistically compared by twoway analysis of
variance (ANOVA) followed by the posthoc
Bonferroni test. Statistical difference was considered
significant for pvalues less than 0.05. All statistical
analyses were performed using “Graph Pad Prism”
(version 5.03; Graph Pad Software).
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RESULTS
Histological analysis
of periapical tissues
Conventional histological stain was used to
evaluate the periapical inflammatory reaction. The
histological analysis in the experimental group
showed the extent of damage and the inflammatory
reaction on the left mandibular first molar at 7
days post treatment. The connective tissue of the
periodontal ligament showed an acute inflammatory
infiltrate (arrow in Fig. 1B) after preparation of root
canal and was filled up to the apex. This reaction
was usually accompanied by widening of the
periodontal ligament at the expense of resorption
of the cortical alveolar bone. At 7 days, the
histopathological reaction would be compatible

with a diagnosis of apical periodontitis and
probably sensory receptor stimulation (Fig. 1B). In
the control group and the right hemimandible of the
experimental group, the molars showed normal
histological features (Fig. 1C). None of them
showed any histological signs of an inflammatory
process in the periodontal ligament.
Astrocytes and neurons activation
in the subnucleus caudalis
To determine whether the periapical inflammation
can induce activation of astrocytes and neurons on
the subnucleus caudalis, we analyzed the expression
of S100b in mature astrocytes, Calbindin D28k in
neurons and pERK in astrocytes and neurons
present in the subnucleus caudalis (Vc). In the

Fig. 1: A: coronal sections of paired ipsilateral and contralateral subnucleus caudalis (Vc). The right (contralateral) side of each
brainstem was marked on the ventral face with a blade (arrow) for identification of the paired control side. BC: Sections of
apical zone on the left (B) and right (C) mandibular first molar of experimental group and stained with hematoxilin and eosin. B:
Image showing an inflammatory reaction in the periodontal ligament (white arrow) seven days after root canals instrumentation
and filled with guttapercha cones and ZOEbased sealers (Grossman´s sealer Farmadental). p= pulp; d= dentin; c= cement;
b= alveolar bone; PL= periodontal ligament; ET= endodontic treatment. Scale bar= 100um.

Table 1: Astrocytes and neurons activation in the subnucleus caudalis after periapical inflammation.
S100b
astrocytes

Calbindin D28K
neurons

Calbindin D28K
fusiform neurons

pERK
Glia /neurons

10.57 ± 0.67
10.66 ± 1.00

11.94 ± 1.57
13.94 ± 0.72

0.63 ± 0.09
0.68 ± 0.08

28.43 ± 3.52
31.19 ± 2.48

CONTROL GROUP
Ipsilateral side
Contralateral side
EXPERIMENTAL GROUP
Ipsilateral side
Contralateral side

#

#
16.23 ± 1.76
13.76 ± 2.32

*

#
16.34 ± 0.88
14.46 ± 1.01

*

#
1.18 ± 0.14
0.83 ± 0.14

*

35.35 ± 4.09
31.71 ± 4.42

*

The results in the table are expressed as mean and SEM. Data (control Vs experimental group) were statistically compared by two-way analyses of
variance (ANOVA) followed by the post-hoc Bonferroni test. Note the significant increase in the ipsilateral Vc in the experimental group with respect
to their paired contralateral Vc (*) and to control group (#). p<0.05.
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experimental group, the number of
S100b positive astrocytes per area was
significantly increased on the ipsilateral
side (16.23 ± 1.76) as compared to the
paired contralateral side (13.76 ± 2.32) and
to the control group (10.57 ± 0.67) (Table 1
and Fig. 2 AB).
The expression pattern of Calbindin
D28K, at 7 days after periapical inflamma
tion, demonstrates that the number of the
CB positive neurons in the superficial
lamina of the ipsilateral Vc (16.34 ±
0.88) was significantly greater than
in the contralateral side (14.46 ± 1.01)
and the control group (11.94 ± 1.57).
Additionally, in the lamina I, we analyzed
the number of fusiform neurons showing
morphological features with an elongated
soma and two long primary extensions
emerging from each end of the soma. We
quantified (0.63 ± 0.09 cells/area) in the
control group and (1.18 ± 0.14 cells/area)
in the ipsilateral side of the experimental
group showed statistically significant
differences (Table 1 and Fig. 2 CD).
Finally, we quantified the pERK expres
sion in different cell populations of Vc at
7 days of peripheral inflammation. The
number of positive cells per area was
found to increase significantly on the
ipsilateral side (35.35 ± 4.09) compared
to the paired contralateral side (31.71 ±
4.42) (Table 1 and Fig. 2 EF).
Western blot analysis also revealed an
increase in the amount of S100b, CB
D28K and pERK proteins on the ipsila
teral side of the Vc in the experimental
group (Fig. 3).
Moreover, we analyzed ERK activation
linked calcium binding proteins in
different cell populations related to
plasticity. To identify pERK in astrocytes
or neurons, double immunofluorescence
labeling with S100b or Calbindin D28K
was performed, respectively. We observed
that pERK and S100b colocalize in the
cell body and processes of astrocytes. In
addition, pERK expression was observed
in some cells with different morphology
from astrocytes, and which did not
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Fig. 2: Coronal sections of brainstems showing the superficial (I and II)
and deeper laminae (III) on both sides of Vc of experimental group. (A
B): Images showing S100 b positive astrocytes. (CD): Experimental
group, showing Calbindin D28k positive neurons. (EF): Experimental
group, showing pERK positive cells. The ipsilateral side (ACE) showed
a significant increase in the number of immunoreactive cells relative to
their paired contralateral Vc (BDF) for the three study proteins.
Moreover, the ipsilateral side of Calbindin D28K (C) showed an increase
in the number of fusiform neurons in superficial laminae relative to the
contralateral side.

Fig. 3: Western Blot analysis showed an increase in the amount of Calbindin
D28K, S100b and pERK proteins on the ipsilateral side of the experimental
group 7 days after periapical inflammation. GAPDH was used as a loading
control.
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Fig. 4: Double immunofluorescence of S100b and pERK. A: pERK expression in cells of the superficial laminae (arrowheads).
B: S100b expression in the cell body and processes of astrocytes (arrowheads). C: double labeled for pERK (green) and S100b
(red). Note the presence of cells with different astrocyte morphology in laminae I of ipsilateral Vc. It presents pERK expression
but it is not S100b IR cell (asterisk). Scale bar= 50um.

Fig. 5: Double immunofluorescence of pERK and Calbindin D28K in the ipsilateral side of the Vc in the experimental group.
A: pERK expression in cells of the lamina I B: Calbindin D28K expression in neurons of superficial laminae. C: Double labeling
with pERK (green) and Calbindin D28k (red). Note that CB D28k and pERK colocalize in fusiform neurons in laminae I of
ipsilateral Vc at 7 days. Other neurons only express Calbindin D28k (arrowheads) Scale bar=25um.

express S100b (Fig. 4 C asterisk). Double immuno
fluorescence labeling with pERK and Calbindin
D28K showed that these proteins colocalize in
fusiform neurons presents in lamina I of the ipsila
teral Vc at seven days after the peripheral injury.
(Fig. 5 C asterisk).
DISCUSSION
Periapical inflammation is a common problem in
dental practice, especially related to endodontic
treatment, because canal instrumentation or root
canal sealers frequently induce an inflammatory
reaction in the periodontal ligament (apical
periodontitis)23,24. It has been demonstrated that
ZOEbased sealers are direct activators of perio
dontal sensory neurons23,25. There is usually greater
Acta Odontol. Latinoam. 2019

incidence of postendodontic pain following
treatment of teeth with vital pulp23. One possibility
is that periapical vital tissue promotes abnormal
accumulation of fluid in the interstitium (edema)
with consequent compression and activation of
mechanoreceptors or free nerve endings24. Another
possibility is that peripheral inflammatory injuries
induce central sensitization, keeping the circuit in a
pathological state related to the development of
hyperalgesia/allodynia26,27. Previous studies obser
ved that rats have responses that are similar to
human periapical inflammatory reaction28,29. In this
study, we considered that the apical inflammation
induced by root canal treatment is a good
experimental model for studying plasticity in the
trigeminal subnucleus caudalis (Vc). However,
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there are few studies linking the activation of
nociceptive pathway after apical periodontitis.
After peripheral inflammatory reaction, the glia and
interneurons of Vc participate in the local modu
lation of the nociceptive information1,5,6. According
to this idea, in a previous study, we demonstrated
that a pulpal inflammatory process in adult rats
generated plastic changes in S100b positive
astrocytes, in the ipsilateral side of Vc. On this side,
the expression of protein was significantly greater
than in the control animals, which displayed low
expression of S100b, suggesting its role in pulpal
nociceptive pathway26. The calcium binding protein
S100b is synthesized and released by activated
astrocytes and is involved in the regulation of
intracellular free calcium or calcium homeostasis
and in the activation of some kinases10,12.
Moreover, Calbindin D28K (CB), another member
of the calciumbinding protein family, is expressed
in neurons of medulla and Vc13. Most CB positive
neurons in the dorsal horn are involved in
transmission and modulation of the nociceptive
pathway30. We have reported different subtypes of
Calbindin D28k immunohistochemistry positive
neurons in the trigeminal subnucleus caudalis, and
the morphology and distribution on the dorsal
laminae I of the Vc31.
In addition, our results show that the experimental
model of periapical inflammation induces plastic
changes in calciumbinding proteins S100b and
calbindin D28K expressed in astrocytes and neurons
of ipsilateral subnucleus caudalis, respectively.
Moreover, we observed an increase in the number
of fusiform cells present in ipsilateral lamina I,
considered excitatory projection neurons that would
transmit nociceptive information to the thalamus.
On the other hand, pERK is actually involved in the
response to potentially harmful, abiotic stress
stimuli and considered a fast molecular marker in
injury or nociception. pERK has been shown to
localize to cytoplasm, nucleus and projections32.

There is currently evidence that MAPKs expression
in neurons or glial cells plays an essential role in
the development and maintenance of persistent
pain33,20. According to these concepts, here we
demonstrate that pERKIR cells were observed
mostly in the ipsilateral dorsal horn after experi
mental apical periodontitis.
It is noteworthy that S100b and Calbindin D28K
colocalize with pERK in astrocytes or neuron of Vc,
respectively. We did not quantify coexpression of
CaBPs and pERK in cells of Vc. Studies reported in
the literature found that ERK is phosphorylated
in dorsal horn neurons transiently for a period
of few hours after stimulus and some weeks later
in astrocytes18,19,14. However, we demonstrated that
Calbindin D28K and pERK colocalize in some
fusiform neurons at lamina I of ipsilateral Vc, at a
later timepoint (7 days) than was described pre
viously. This indicates that some Vc projection
neurons presents in lamina I, show longterm pERK
activity at 7 days, and could maintain the nociceptive
information to thalamus and cortex. This result could
be interpreted through the increase of S100b and
pERK proteins in astrocytes at the ipsilateral Vc,
indicative of glial activation. Astrocytes that respond
to alterations in neuronal environments and nano
molar levels of extracellular S100b could be released
by activated astrocytes10 and act on neurons, possibly
inducing ERK pathway activation. However, more
results are required to confirm this hypothesis.
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CONCLUSION
Prevention and management of acute periapical
pain is an integral part of endodontic treatment in
patients. We find that apical periodontitis stimulus
increases S100b, Calbindin D28k and pERK
protein expression in astrocytes and neurons of the
ipsilateral Vc and suggest that ERK activation in
fusiform calbindin neurons in lamina I (nociceptive
projection neurons), could prolong neural plasticity
and pain sensitization for 7 days.
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ABSTRACT
Learning strategies are a set of organized, conscious,
intentional tasks performed by a student to achieve a learning
objective effectively in a given social context. The aim of the
present study was to determine the type and frequency of use of
different learning strategies among students taking the subject
“Comprehensive Clinic II “, which corresponds to the 3rd year
of the 6year general syllabus of the undergraduate course at
the School of Dentistry, Buenos Aires University, and to analyze
the use of these learning strategies according to the number of
years elapsed between each student’s admission to dental
school and the time he/she took that subject.
Dental students (n=189) filled in the Learning and Study
Strategies Inventory (LASSI). Seventyfive percent were female.
The tool includes 10 dimensions, organized in 77 items.
Responses to each question were recorded using a Likert type

scale (5 choices). Total scores were obtained by assigning
values to the responses. The students were grouped according
to time elapsed from year of admission to dental school to the
year in which they took the subject (Institutional Persistence,
TI). Statistical analysis included mean and confidence intervals
for scores (total and for each domain) and comparisons among
TI groups using oneway ANOVA and Tukey’s post hoc test.
Total score for the sample was 275.3 (71.5% of maximum
possible score). There were differences in the use of learning
strategies reported by dental students in the tool. Students with
shorter institutional persistence times scored higher in the
following dimensions: attitude and interest, motivation, self
discipline, willingness, selftesting and reviewing.
Received: May 2019; Accepted: August 2019.

Key words: dental education; learning strategies; dental students.

Relación entre estrategias de aprendizaje y permanencia
en el ciclo curricular en estudiantes de Odontología
RESUMEN
Las estrategias de aprendizaje son un conjunto organizado,
consciente e intencional de lo que hace el estudiante para lograr
con eficacia un objetivo de aprendizaje en un contexto social
dado. El objetivo de este trabajo fue determinar el tipo y frecuen
cia de uso de estrategias de aprendizaje en estudiantes del curso
de Clínica Integrada II, que corresponde al 3er año del programa
general de 6 años de la Carrera de Odontología, y analizar su
utilización en función del tiempo de permanencia en la Facultad.
Los alumnos (n=189) respondieron el cuestionario “Inventario
de Estrategias de Aprendizaje y Estudio” (LASSI). Este instru
mento consta de 10 dimensiones organizadas en 77 reactivos.
Las respuestas a cada reactivo fueron registradas mediante una
escala de Likert (5 opciones). El puntaje total se obtuvo mediante
asignación de valores a las respuestas elegidas. Los estudiantes

fueron agrupados de acuerdo con el tiempo transcurrido entre el
ingreso a la carrera y el la fecha en que cursaron la asignatura
elegida. (Permanencia institucional, TI). Procesamiento esta
dístico: cálculo de media e intervalo de confianza para puntajes
(total y por dominio) y comparación entre grupos (PI) mediante
ANOVA de un factor y post hoc Tukey. El componente femenino
fue 75%. El puntaje total para la muestra fue 275,3 (71,5% del
máximo posible). Se comprobaron diferencias en el uso de
estrategias de aprendizaje. Los alumnos con menor tiempo de
permanencia institucional mostraron puntajes mas altos en las
siguientes dimensiones: actitud e interés, motivación, autodisci
plina, disponibilidad y autoevaluación / repaso.

INTRODUCTION
Current educational research focuses on students
achieving academic performance that will enable
them to attain significant learning. This includes
cognitive, linguistic, motor and social skills, which

can take many forms, expressed in attitudes and
behaviors1.
According to Cabrera et al.2, it is critical to
determine the variables associated with academic
performance, since low performance levels in
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university students are associated with high drop
out and low persistencetodegree rates.
Learning strategies are academic procedures
applied in a controlled fashion, following a pre
established plan, to attain a set target3. They include
any thoughts, behaviors and emotions that facilitate
the acquisition, understanding, and subsequent
transfer of new knowledge and skills. Underlying
these strategies are components associated with
skill and selfregulation. With regard to affective
and motivational states, if there is no interest in
learning, learning just does not happen.
The Learning and Study Strategies Inventory
(LASSI) is a tool to diagnose students’ learning
strategies and study methods. It is based on the
assessment of thoughts and implicit and explicit
behaviors that lead to learning. It can be used to
evaluate the intellectual profile of a student, and
ultimately, to plan actions aimed at improving
student achievement4.
This diagnostic process enables the identification
of weaknesses. Once a diagnosis has been esta
blished, the information can be used by the students
to reorient their strategies, and by the teacher to
implement actions aimed at improving learning. A
timely reassessment enables outcomes to be
measured.
Mayor et al.5 and Beltrán6 emphasize the importance
of studying the relationship between what is taught
and how students learn it, i.e., the content compared
to the process. Hence, it is important to identify the
predominant learning strategies used by young and
adult university students.79
Table 1: LASSI domains.
ANX

Anxiety and worry about school performance

ATT

Attitude and interest

CON

Concentration and attention to academic tasks

INP

Information processing, acquiring knowledge and
reasoning

MOT

Motivation, diligence, self-discipline and willingness
to work

SFT

Self-testing, reviewing and preparing for classes

SMI

Selecting main ideas and recognizing important
information

STA

Use of support techniques and materials aids

TMT

Use of time management principles for academic tasks

TST

Test strategies and preparing for tests
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The aim of this study was to determine the type and
frequency of use of different learning strategies
among students taking the subject “Comprehensive
Clinic II “, which corresponds to the 3rd year of the
6year general syllabus of the undergraduate course
at the School of Dentistry, Buenos Aires University,
and to analyze the use of these learning strategies
according to the number of years elapsed between
each student’s admission to dental school and the
time he/she took that subject.
MATERIAL AND METHODS
The study was conducted on a selected sample of 3rd
year dentistry students at Buenos Aires University.
The “Learning and Study Strategies Inventory”
(LASSI) was applied. The LASSI consists of a
validated inventory of 77 items distributed among
10 domains (Table 1)10. Responses were recorded
using a Likerttype scale with the following five
choices: not at all typical of me, not very typical of
me, somewhat typical of me, fairly typical of me,
very much typical of me. All participants agreed to
participate in the study, and signed a written consent,
keeping their anonymity.
The sample (189 students) was divided into 5
groups according to year of admission (from 2013
to 2017). The sample size selected provides 90%
statistical power to detect relevant differences
between groups.11
The sociodemographic profile of the students in
each group was determined (Table 2).
Statistical analysis involved:
a) Calculating the score for each response per
domain.
b) Calculating scores corresponding to items and
domains answered by the students.
c) Comparing mean age between sexes using
Student Test for independent samples.
d) Comparing scores corresponding to the 10
dimensions and total score according to year of
admission using Analysis of Variance (ANOVA)
and Tukey’s HSD post hoc test for independent
samples.
The null hypothesis was rejected at a significance
level of p < 0.05.
RESULTS
Statistically significant differences (p=0.015) in the
ATT (attitude and interest) domain were observed
among the students who began their professional
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Table 2: Sex per Group and Age.
Year of admission

Sex

Total

Female

Male

2013

N
%

20
80.0%

5
20.0%

25
13.2%

2014

N
%

19
79.2%

5
20.8%

24
12.7%

2015

N
%

30
76.9%

9
23.1%

21
20.6%

2016

N
%

46
80.7%

11
19.3%

57
30.2%

2017

N
%

34
77.3%

10
22.7%

44
23.3%

Total

N
%

149
78.8%

40
21.2%

189
100.0%

Pearson Chi-Square: p=0.990

Age (years)

N

%

Mean

Standard Deviation

Minimum

Maximun

Female

149

78.8%

23.7

3.7

20

56

Male

40

21.2%

24.7

3.9

20

38

Total

189

100.0%

23.9

3.8

20

56

Student Test for independent samples: p=0.163

training in the years 2013, 2016
and 2017.
Statistically significant differences
(p=0.006) in the MOT domain (mo
tivation, selfdiscipline, willingness)
were observed among the 2013,
2014, and 2017 groups (Table 3).
Analysis of the TST domain (test
strategies) showed statistically
significant differences at a value
of p=0.001 between groups with
longer (2013, 2014 and 2015
groups) and shorter (2016 and 2017
groups) institutional persistence
times (Table 3).
The results showed differences in
the use of learning strategies Fig. 1: Domains: mean percentage of the maximum possible score.
among dentistry students, with
students with fewer years elapsed from year of corresponding to domains ATT (Attitude and
admission to time of the subject showing higher Interest), MOT (motivation), INP (information
processing), SMI (selecting main ideas), STA
scores.
A mean cutoff was established for the mean (study aids) and TST (test strategies) were higher
percentage of the maximum possible score for each than the mean percentage of the maximum possible
score; whereas scores corresponding to domains
domain; mean value was 71.5% (Fig. 1).
In students with fewer years elapsed between TMT (time management), ANX (anxiety and worry
admission and taking the subject, the values about academic performance), CON (concentration
Vol. 32 Nº 2/ 2019 / 111-117
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Table 3: Scores for domains per group.
Domains

ATT

MOT

TST

Year of
admission

N

Mean

Std. Dev.

95% CI for mean

2013

25

29.2

3.8

28.2

30.2

83.5

2014

24

31.3

3.6

29.7

32.8

89.3

2015

39

31.1

4.5

29.6

32.5

88.8

2016

57

32.0

2.6

31.3

32.7

91.3

2017

44

32.1

2.7

31.3

32.9

91.6

Total

189

31.4

3.6

30.8

31.9

89.6

2013

25

27.6

3.2

26.9

28.3

68.9

2014

24

30.0

3.5

28.5

31.5

75.0

2015

39

29.3

3.1

28.3

30.3

73.3

2016

57

30.6

3.2

29.8

31.5

76.5

Lower Bound Upper Bound

% of the maximum
score of the mean

2017

44

30.5

3.6

29.4

31.6

76.2

Total

189

29.8

3.7

29.3

30.4

74.6

2013

25

28.0

5.1

25.9

30.1

70.0

2014

24

29.5

5.8

27.0

31.9

73.6

2015

39

29.4

4.4

28.0

30.8

73.5

2016

57

32.0

3.7

31.0

33.0

80.0

2017

44

32.2

3.4

31.1

33.2

80.4

Total

189

30.7

4.5

30.0

31.3

76.6

p-value

0.015

0.006

0.001

and attention), and SFT (selftesting and reviewing)
were lower than the mean percentage of the
maximum possible score (Fig. 1)
The highest value corresponded to the ATT
domain (attitude and interest), with a mean
percentage of the maximum possible score of
89.6. The lowest value, 52.4, corresponded to the
ANX domain (anxiety and worry about academic
performance).

causes, including inadequate learning strategies.
Reliable tools are therefore needed to evaluate
learning strategies. In dental degree courses, it is
important to analyze the teachinglearning process.
Many different learning problems can impact
students at a given time. There is evidence showing
that one of these is not knowing how to learn, which
implies that most students do not use adequate
strategies to achieve significant learning.17

DISCUSSION
Analysis according to demographic
variables
In agreement with previous studies12 in a population
with similar sociodemographic characteristics, our
results showed significant differences between male
and female participants.
At present, strategic learning presents as a need of the
community for information and knowledge, and has
a significant impact on academic performance.1316
Modern educational research increasingly assigns
importance to academic success and failure at
universities. There is consensus on their multifactorial

Association between learning strategies
and LASSI domains
· Attitude and Interest: Students’ overall attitudes to
studying and their motivation to achieve academic
success have an impact on their diligence when
studying, particularly in autonomous situations
when they must study alone. Our results showed
significant differences among groups according
to year of admission, and scores were lower
among students with longer times elapsed
between admission and taking the subject, which
could be explained by a decrease in interest in
achieving the expected goal (graduation).
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· Motivation and Selfdiscipline: This domain
measures students’ overall motivation to achieve
academic success. However, although the level of
general motivation is important, so is the student’s
motivation to perform specific tasks related to
achievement. Students who score low on this
measure need to work on goalsetting, perhaps at
the more global levels on the attitude scale, but
certainly at the more specific level of individual
tasks and assignments. The highest score in this
domain corresponded to the group with the
shortest length of time elapsed between admission
and taking the subject, and was significantly
higher than in the remaining groups. This would
partly explain the delay in taking a 3rd year course
among students who began their studies in 2013.
In agreement with a 2006 study conducted by
Escurra18 in students of psychology, we found no
significant differences in the remaining domains.
Huber et al.19 highlight the importance of creating
a conceptual framework that is in line with the
cultural group on which the study is to be
conducted.
· Time Management: Managing time effectively is
an important strategic factor in learning. Most
students have demands on their time and can only
advance in their studies if they prepare and follow
realistic schedules. Time management was best in
the group of students who began studying for the
degree in 2017, though the difference compared
to the remaining groups was not statistically
significant.
· Anxiety and Worry about Academic Performance:
Current conceptions of anxiety emphasize the
effects of thought processes and how they affect
academic performance. Cognitive worry, an
important component of anxiety, is manifested in
negative selfreferent statements. Our results,
below the mean cutoff, involve more cognitive
affective components than learning strategies,
which would explain the low level of worry
found. Indeed, this was the domain with the
lowest value in all study groups.
· Concentration: The score on this scale measures
students’ ability to concentrate and direct their
attention to their study tasks. Students who score
high on this measure are effective at focusing their

Vol. 32 Nº 2/ 2019 / 111-117

attention and maintaining a high level of concen
tration. Students who score low are less successful
at avoiding interfering thoughts, emotions,
feelings and situations. Techniques for focusing
and maintaining concentration help students to
implement effective learning strategies and to
make learning and studying more effective and
efficient. Students with shorter times since
beginning their studies had better scores. This was
the group of students who were onschedule with
intended times in the general syllabus.
· Information Processing: Learning is enhanced
by the use of elaboration and organization
strategies. These strategies help build bridges
between what a student knows and what he/she is
endeavoring to learn and remember. The results
for this domain, above the cutoff line, are
probably due to the fact that the curriculum
contains a program for reinforcement of previous
information, a priority condition that enables the
student to organize new knowledge.
· Selecting Main Ideas: Effective and efficient
studying requires students to be able to select the
important material for indepth processing. Most
lectures, discussions and textbooks contain
redundant material and extra examples of what is
being taught or presented. Separating the more
relevant from the less relevant is a major task. If a
student cannot identify the important information,
learning will become more complicated due to the
large quantity of material to be learned. The lack
of this skill will also increase the student’s
likelihood of not having sufficient time to study
all the material to be covered. Student scores on
this scale measure their skills at selecting the
important information which they must focus on
for further study in the classroom or autono
mously. Students who had spent fewer years
studying for the degree scored high in this
domain. This may be due to better recall of study
methods acquired in high school for selecting
information.
· Study Aids: Students need to know how to use
study aids created by other people and how to
create their own. Authors usually use headings,
special fonts, blank spaces, special marks and
summaries to help students learn from written
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materials. However, these elements and aids will
only be useful to students if they know how to
recognize and use them. It is also important
for students to know how to create their own
study aids using methods such as diagrams,
text underlining, graphs and summaries. Other
supplementary activities that support and enhance
learning include activities such as participating in
revision groups or comparing notes with other
students to confirm that their own are complete
and accurate.
The result obtained for this item would be
explained by one of the weaknesses of the LASSI,
which is that it does not reflect new technologies
used by undergraduate students.
· Selftesting: Reviewing and testing level of
understanding is important for acquiring knowledge
and monitoring comprehension. Both these
strategies support and contribute to meaningful
learning and effective performance. Without
them, learning could be incomplete, or errors
might go undetected. Reviewing and selftesting
contribute to knowledge consolidation and
integration across topics. Using mental reviews,
reviewing class notes and texts, thinking up
questions to guide reading or help prepare for a
test are all important methods for checking
understanding, consolidating new knowledge, and
determining the need for additional studying. Our
study found low values in both study groups. This
may be because the students complying with
intended timing for the degree and who have good
scores in other domains have little available time
for reviewing. A more profound analysis of this
item may lead to a change in the general number
of hours in the degree course.
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· Test Strategies (Preparing for tests): Preparing for
tests includes knowledge on the type of test, such
as whether it will be a shortanswer or a multiple
choice test, or whether the student will be required
to provide a description, or apply concepts,
principles and ideas. Test preparation also includes
knowing methods for studying and learning the
material in a way that will facilitate memorization
and use of the material. In other words, testtaking
strategies include knowing the characteristics of
the test and how to create an effective testtaking
plan. The results obtained in the present study are
in keeping with findings reported by Olaussen et
al.20 in a study conducted in Norway in 2012.
In this line of research, it would be interesting to
include studies on teaching methodology applied to
the different times of the degree course analyzed
herein.
CONCLUSION
This study found differences in the use of learning
strategies reported by students of dentistry through
the LASSI. Students with fewer years elapsed
between admission and taking the subject scored
higher in the following dimensions: attitude and
interest, motivation, selfdiscipline and willingness,
selftesting and reviewing.
Further studies are needed to confirm these findings
before the tool can be adopted or rejected for
reliable use in the broader educational context in
the dentistry degree at Buenos Aires University.
Some of the most important aspects of education
are student intent, planning and effort. These
aspects have not received sufficient attention, and
members of the faculty could modify their
pedagogic practices and use resources that adjust to
student profiles.
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