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Efectividad de nanoparticulas de plata y perdxido de zinc en gel, usados como
medicacion intraconducto en endodoncia

Resumen

Introduccion: El propdsito de este estudio fue evaluar la actividad antimicrobiana del
hidroxido de calcio, las nanoparticulas de plata y el perdxido de zinc en gel mediante el uso
de modelos de dilucion, difusion y microscopia laser confocal.

Métodos: Se sintetizaron nanoparticulas de plata mediante el método de reduccion quimica,
usando como agente aportador de plata nitrato de plata y como reductor citrato trisédico. Por
su parte, las nanoparticulas de Oxido de zinc se sintetizaron usando la técnica sol-gel,
empleando como agente aportador de zinc acetato de zinc y como reductor peroxido de
hidrégeno. Se convirtieron ambas nanoparticulas en geles utilizando hidroxietilcelulosa.
Mediante un modelo de difusion usando CromoAgar Orientador, un modelo de dilucion
usando agar cerebro-corazén y un modelo de microscopia laser confocal, se observé la
inhibicion del crecimiento del Enterococcus faecalis ATCC 29212.

Resultados: En este estudio encontramos que las nanoparticulas de 6xido de zinc son mas
efectivas como medicacion intraconducto que el hidroxido de calcio y las nanoparticulas de
plata como antimicrobianos en los modelos de difusion, dilucién y microscopia laser
confocal. Entre los grupos de hidroxido de calcio y nanoparticulas de plata, las nanoparticulas
de plata resultaron ser las menos eficientes.

Conclusiones: Las nanoparticulas de 6xido de zinc fueron considerablemente mas eficientes
que el hidroxido de calcio y las nanoparticulas de plata, por lo tanto, pueden ser consideradas
como una opcidn de medicacion intraconducto. Ademas de su capacidad bactericida, la forma
en que se almacenan es ideal para su uso en endodoncia y su estabilidad con el paso del
tiempo es excelente.
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1. INTRODUCCION

El objetivo principal de la endodoncia es curar o prevenir la patologia periapical (1). Las
bacterias y sus bioproductos son el principal factor etioldgico de la periodontitis apical (2,3),
por lo tanto, los procesos de desinfeccion son primordiales para el éxito del tratamiento de
conductos (4-6). Diversos materiales, sistemas y técnicas han sido desarrollados con el
objetivo de lograr una dptima desinfeccidn del sistema de conductos radiculares (SCR) (6—
8).

La desinfeccion del SCR clasicamente se realiza con el uso de irrigantes como: NaOCI
(5,8,9), Clorhexidina (4,6) y EDTA (4,10). Estos irrigantes suelen usarse en asociacién con
medicaciones intraconducto: Ca(OH)2 (11-13), pastas triantibioticas (14,15) y pastas
iodoformadas (16).

El Ca(OH)2 ha sido usado durante mucho tiempo como la medicacion intraconducto de
eleccion para el tratamiento de conductos. Debido a su baja solubilidad, libera lentamente
iones de calcio e hidroxilo, proporcionando un ambiente alcalino (pH 12) que le permite
inhibir el crecimiento bacteriano (17).

Sin embargo, existen algunas preocupaciones con respecto al uso de Ca(OH)2. EI manejo y
la colocacién adecuada de Ca(OH)2 presentan un desafio para cualquier odontélogo.
Ademas, la eliminacién de Ca(OH)z con frecuencia es incompleta, resultando en un residuo
que cubre del 20% al 45% de las superficies de la pared del SCR. Incluso después de una
irrigacion activada sonica o ultrasénicamente con NaOCIl y EDTA, el Ca(OH)z2 residual
puede interferir con el proceso de obturacion y comprometer la calidad del tratamiento (18).
Una preocupacion adicional es que el Ca(OH)2 no es totalmente efectivo contra varios
patégenos endoddnticos, incluidos E. faecalis y Candida albicans (19). La capacidad del
Ca(OH): para erradicar completamente las bacterias del sistema de conductos radiculares ha
sido cuestionada por varios estudios, y un estudio clinico ha demostrado que el nimero de
conductos con bacterias positivas en realidad aumentd después de la medicacion con
Ca(OH)2 (20). Otros estudios también han indicado que el Ca(OH)2 no podia eliminar
bacterias de forma predecible o que los cultivos cambiaban de negativos a positivos después
de la colocacién de Ca(OH)2 (21).

Debido a todas estas inquietudes, se ha explorado la posibilidad del uso de diversos
materiales como pastas triantibioticas, iodoformadas y, recientemente, geles de
nanoparticulas. La nanotecnologia ha incursionado en las diferentes areas de la odontologia.
Las aplicaciones clinicas han tenido un impacto considerable: resinas (22-24), acrilicos para
protesis (25,26), recubrimiento de implantes (27,28) e injertos 6seos (29) son solo algunos
ejemplos. En el area de endodoncia, Kishen et al. (30) en el 2008 fue el primero en proponer
el uso de nanoparticulas catodicas, especificamente de quitosano y oxido de zinc, como
agentes antibacterianos. Las nanoparticulas han sido aplicadas en selladores (31-47),
irrigantes (48-62) y medicacion intraconducto (43,63-73).



Nanoparticulas de plata (36,39,41,55,57,59,61-66,70,74-82), quitosano
(33,38,43,44,46,48,49,56,67-69,83-90), Oxido de zinc (31,35,59,72,91,92), oxido de
magnesio (60), xido de hierro (48,56), vanadato de plata (36,93), zinc (34), fosfato de calcio
amorfo (32), silicato de calcio mesoporoso (34) y nanoparticulas poliméricas (71,94-96) han
sido usadas en endodoncia por el potencial bactericida que presentan. Algunas de ellas han
sido cargadas (31), recubiertas (78) y fotoactivadas (90,97,98) con el objetivo de hacer mas
eficiente su actividad antimicrobiana.

1.1 Nanoparticulas de plata (AgNP)

Las particulas metalicas nanométricas son unicas y pueden cambiar considerablemente las
caracteristicas fisicas, quimicas y bioldgicas debido a su relacion superficie-volumen. Debido
a estas propiedades particulares, se han utilizado para varias aplicaciones, incluidas agentes
antibacterianos, recubrimientos de dispositivos medicos, sensores épticos y farmacos (99), y
recientemente en el area de la odontologia. Las nanoparticulas de plata fueron las primeras
en ser usadas como irrigantes en endodoncia en el afio 2010 (50), y a partir de ahi han sido
las mas estudiadas y aplicadas en procesos de desinfeccion (59,100) e inhibicién de
crecimiento bacteriano (36,66).

1.1.1 Mecanismos de Accion (Figura 1)

Los mecanismos de accién de las AgNP sobre los microorganismos no han sido totalmente
dilucidados, sin embargo, se consideran estos 3 mecanismos como los mas aceptados:

1. Interaccidn electrostatica que conduce a la alteracidén de la membrana celular.
Se produce una atraccion entre las cargas positivas y negativas de las nanoparticulas
y las superficies de las bacterias, respectivamente. Las AgNP se acumulan en la
superficie de las bacterias, y esto les permite unirse de forma muy eficiente a la
membrana, lo que produce una alteracion de la integridad de la pared bacteriana,
aumentando asi la permeabilidad de esta y produciendo lisis (101).

2. Alteracion de proteinas, ADN y enzimas. Las AgNP tienen una interaccion con los
grupos sulfaricos y fosforo de proteinas y ADN, alterando su estructura y funciones.
Ademas, forman carbonilos unidos a proteinas por la presencia de AgNP, lo que
cataliza el proceso oxidativo de la cadena de aminoacidos, degradando la proteina e
inactivando enzimas (102).

3. Liberacion de iones. La liberacion de iones es dependiente del ritmo de disociacion
y se regula por la agregacién, reacciones de oxidacién-reduccion, adsorcion de
biomacromoléculas y transformaciones mediadas biologicamente (54).
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Figura 1. Mecanismos de accion de las nanoparticulas de plata

1.2 Nanoparticulas de Peroxido de Zinc (ZnO2NP)

Las nanoparticulas de peréxido de zinc poseen buena estabilidad quimica, baja toxicidad para
las células humanas y actividad antimicrobiana, liberando derivados del oxigeno como
peroxido de hidrogeno, radicales hidroxilo o radicales de oxigeno, conocidos como especies
reactivas de oxigeno (ROS) (103).

Las nanoparticulas de peroxido de zinc hasta la fecha no han sido probadas como
antimicrobianos en endodoncia.

1.2.1 Mecanismos de accion (Figura 2)

Alteracion de aminoacidos bacterianos

Modificacion del transporte de sustrato metabdlico

3. Inhibicion de las actividades enzimaticas bacterianas al oxidar los grupos sulfhidrilo
de los aminoacidos

4. Bloqueo de las transcripciones de ARN vy la sintesis de ADN (104).

™=



2. METODOLOGIA

2.1. Sintesis de AgNP

Las AgNP se sintetizaron mediante el método de reduccién quimica descrito por Mariam et
al. (105). Cien mL de AgNOs (7761-88-8, Sigma-Aldrich) 0.1 M se calentaron a 80 °C y 150
rpm, mientras se anadian gota a gota 10 mL de NasCsHsO7-2H20 (6132-04-3, Merck) al 1 %
m/v, hasta que la solucidn, inicialmente incolora, adquirié un tono amarillo.

2.2. Sintesis de ZnO:NP

Para la sintesis de ZnO:NP se utiliz6 la metodologia sol-gel propuesta por De Leon-Ramirez
et al. (106). Se diluyeron 5 mL de H20: (7722-84-10, Merck) al 30 % en 50 mL de H-O
destilada y se mantuvo en agitacion mientras se agregaba 1 g de Zn(CHsCOO).-2H-0 (5970-
45-6, Sigma-Aldrich). Se obtuvo un sol homogéneo y transparente, el cual se transfirid a una
caja Petri para su secado a 37 °C durante 48 h.

2.3. Caracterizacion de las nanoparticulas

Los espectros infrarrojos por transformada de Fourier (FT-IR) se recolectaron en una
configuracion de reflectancia total atenuada (ATR) en el rango de 4000 a 400 cm™, utilizando
un espectrofotdmetro DR-5000. Los espectros de ultravioleta-visible (UV-Vis) se realizaron
en un espectrofotdmetro DR-5000TM Hach en un intervalo de 200 a 800 nm. Se utiliz6 un
instrumento Zetasizer Nano S DTS1060 Malvern para determinar el tamafio y la carga
superficial de las nanoparticulas sintetizadas. La microscopia electronica de transmision
(TEM) se realizd en un microscopio Hitachi H7500 con filamento de LaBs operado a 80 kV.

2.4. Elaboracion de geles

Siguiendo el protocolo de Bruneira et al. (66), se prepararon geles al 1.5 % m/v de
hidroxietilcelulosa (C2HsO2)n (9904-62-0, Cellosize). El gel de AgNP se preparé mezclando
0.75 g de hidroxietilcelulosa con 50 mL de la solucion de AgNP y se mezcl6 vigorosamente
hasta obtener un gel homogéneo y fluido. Se obtuvo una solucion homogénea. El gel de
ZnO:NP se prepar6 disolviendo 2 mg de nanoparticulas en 50 mL de agua destilada, a la cual
se le afladieron 0.75 g de hidroxietilcelulosa.

2.5. Pruebas de susceptibilidad antimicrobiana

Se llevaron a cabo dos pruebas para evaluar la actividad antibacteriana de las nanoparticulas.
La primera prueba consistio en el método de difusion en discos de agar, donde la zona de
inhibicidn determina el grado de actividad antibacteriana. Para la segunda prueba se utilizé
la técnica de dilucion, la cual se sigue a través de la absorbancia.

2.5.1. Microorganismo usado

Se utilizé la cepa bacteriana Enterococcus faecalis (ATCC® 29212™), cultivada en cajas de
Petri en agar soya tripticasa (Becton Dickinson) a 37 °C por 24 h en incubadora (VWR
international model 1545). Se seleccionaron 5 colonias y se suspendieron en caldo Muller-
Hinton (Becton Dickinson), para obtener una suspension bacteriana inicial de 0.5 McFarland.
Se evaluaron las propiedades del gel de AgNP y de ZnO:NP. Se utilizé6 como control positivo
una pasta comercial de Ca(OH): al 35 % (Ultracal xs, Ultradent).



2.5.2. Difusion en disco

Las pruebas se realizaron por el método de difusion en disco en agar cromo orientador
(CHROMagar) con la técnica de Kirby-Bauer (33-35). En el ensayo se utilizaron discos de
papel filtro de 6 mm impregnados en (1) gel de AgNP, (2) gel de ZnO:NP y (3) pasta de
Ca(OH).. Los discos fueron impregnados justo antes del experimento. Después de la
impregnacion, se dejaron secar los discos durante 5 min. Utilizando pinzas estériles, se
depositaron 6 discos equidistantes, asegurando que estuvieran en contacto con la superficie
del agar. Posteriormente, las placas se colocaron en incubacion de forma invertida a 37 °C
en atmosfera aerdbica por 24 h. Finalmente, se determind la zona de completa inhibicién del
crecimiento bacteriano utilizando un Vernier. La determinacion se realizé colocando una
superficie oscura bajo luz reflejada sobre el respaldo de la caja de Petri, sin remover la tapa.
El punto final de inhibicién completa del crecimiento se estimé a simple vista.

2.5.3. Dilucion

Las pruebas de dilucion se realizaron en tubos de vidrio estériles de 10 mL, a los cuales se
les agregaron 3 mL de caldo Muller-Hinton (Becton Dickinson), 4 pL de la solucion
bacteriana y 75 mg de (1) gel de AgNP, (2) gel de ZnO-NP y (3) pasta de Ca(OH).. Se
incubaron por 7 dias en agitacion constante a 150 rpm a 37 °C en atmosfera aerdbica. Se
midio la absorbancia a 650 nm con el equipo Thermospectronic Genesys 5. El control
negativo fue caldo de cultivo, y el control positivo fue caldo de cultivo méas solucion
bacteriana.

2.6. Experimentos ex vivo

En este estudio se emplearon un total de 15 dientes extraidos unirradiculares como material
de investigacion. Este estudio recibid la aprobacion del comité de ética de investigacion y
evaluacion de posgrado (CEIP) de la Universidad Auténoma de Baja California (UABC) -
Facultad de Ciencias de la Salud (Oficio No. 072/2023-1). Cada diente fue seccionado
horizontalmente a 1 mm por debajo de la union amelocementariay 2 mm del apice, utilizando
una fresa TF-13 (Manni) con el fin de obtener bloques de dentina de 4 mm. Cada bloque de
dentina se dividio en dos mitades semicilindricas. Posteriormente, cada muestra fue sometida
a un tratamiento secuencial, primero con NaOCI (Cloralex) al 5.25% durante 4 min, seguido
de EDTA (Zeyco) al 17% durante un periodo adicional de 4 min. Este procedimiento se llevo
a cabo utilizando un bafio ultrasénico con el objetivo de eliminar la capa de barro dentinario.
Seguidamente, las muestras fueron enjuagadas en agua esterilizada durante 10 min,
asegurando la eliminacion de cualquier residuo quimico. Finalmente, las muestras fueron
sometidas a un proceso de esterilizacion en un autoclave (Lorna) a una temperatura de 121
°C durante 20 min.

Para la infeccion de los cubos de dentina se utilizo la cepa bacteriana Enterococcus faecalis
(ATCC® 29212™), Primero se prepar0 y ajustd una solucién bacteriana inicial de 0.5
McFarland en infusion cerebro-corazon (BHI). Posteriormente, se mezclaron 2 mL de BHI,
500 pL de la suspension bacteriana y el cubo de dentina, utilizando una placa Olympus de
24 pocillos (Genesee Scientific) con capacidad de 3.5 mL. Las muestras se incubaron a 37
°C durante 4 semanas, cambiando el medio cada 48 h para asegurar la viabilidad bacteriana.
Finalmente, se tomaron dos muestras y se analizaron con microscopia electronica de barrido
(SEM) para evaluar la formacién de biopeliculas y la infeccion bacteriana de los tabulos



dentinarios. Las imagenes SEM se adquirieron con el microscopio electrénico de barrido
(SEM) Hitachi SU300 a 7.00 kV.

Las biopeliculas formadas en los cubos de dentina se tifieron utilizando un kit de viabilidad
bacteriana LIVE/DEAD (Biotium). Este Kit proporciona tincion fluorescente de dos colores,
tanto de bacterias vivas (verde) como de bacterias muertas (rojo), utilizando dos tintes de
ADN, DMAO y EthD-IIl, respectivamente. Despues de la tincidn, las muestras se lavaron
durante 1 min con phosphate buffered saline (PBS, ABI). Se tomaron imagenes de los cubos
de dentina tefiidos utilizando un microscopio multifotonico Olympus FV 1000. Cada muestra
fue examinada y escaneada en &reas aleatorias. Se evaluaron 4 muestras para cada grupo. Se
recogieron 20 imagenes en ubicaciones aleatorias de cada disco, lo que produjo 80 imagenes
por grupo. El andlisis de imagen y la creacion de imagenes bidimensionales/tridimensionales
se realizaron con el software ImageJ, National Institutes of Health.

3. ANALISIS ESTADISTICO

Las variables categoricas se informaron como frecuencias y porcentajes, mientras que las
variables continuas se informaron como medias, desviaciones estandar (media =+
desviaciones estandar) y limites. Se realizaron pruebas de Shapiro-Wilk y Brown-Forsythe
para determinar la distribucion de las variables. Se utilizo la prueba de Kruskal-Wallis y la
prueba U de Mann-Whitney para establecer las diferencias entre grupos. Los datos se
analizaron utilizando el software estadistico JMP ver. 15 (SAS Institute, Cary, Carolina del
Norte). El nivel de significancia se fijo en P<0.05.



4. RESULTADOS

4.1 Caracterizacion de nanoparticulas de plata

Las nanoparticulas de plata preparadas en este trabajo tienen una morfologia esférica y un
tamafio de alrededor de 80 nm, con una distribucion de tamafio estrecha, determinada
mediante microscopia de transmisién (Figura 3A) y DLS (Figura 3B). La resonancia del
plasmadn superficial esta ubicada a 420 nm (Figura 3C). La carga de la particula fue de -8.08,
dada por el potencial Z (Figura 3D), y los espectros FT-IR mostraron picos caracteristicos a
714 cm™, 1643 cm™, 2098 cm™ y 3331 cm™* (Figura 3F).
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Figura 3. A) Imagen de microscopia electronica de transmision, B) DLS, C) Plasmon
superficial, D) Potencial Z, E) FT-IR.
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4.2 Caracterizacion de nanoparticulas de peroxido de zinc
Las nanoparticulas de peroxido de zinc preparadas en este trabajo tienen una morfologia
esférica y un tamafio de alrededor de 100 nm, con una distribucion de tamafio estrecha,
determinada mediante microscopia de transmision (Figura 4A) y DLS (Figura 4B). La
resonancia del plasmon superficial estd ubicada a 210 nm (Figura 4C). La carga de la
particula fue de 18.4, determinada por el potencial Z (Figura 4D), y los espectros FT-IR
mostraron picos caracteristicos a 667 cm™, 1022 cm™, 1405 cm™ y 1565 cm™ (Figura 4E).
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4.3 Prueba de ensayo antibacteriano en agar cromo-orientador

Se emplearon 3 medicaciones intraconducto: gel de AgNP, gel de ZnO.NP y Ca(OH).. Se
replicaron ensayos con un total de 28 repeticiones para cada uno de ellos, donde se midieron
los halos de inhibicion del crecimiento de la bacteria Enterococcus faecalis (ATCC®
29212™), La medicion incluyo el diametro del disco y el halo de inhibicién que se observo
desde el margen externo del disco que contenia el cemento, teniendo como punto final de
medicion la aparicion de colonias de bacterias.

El gel de ZnO:-NP demostré un halo de inhibicion del crecimiento bacteriano mayor, seguido
por el hidroxido de calcio, mientras que el gel de AgNP mostrd la menor inhibicion del
crecimiento bacteriano.

ZnO2NP

Figura 5. Inhibicion del crecimiento bacteriano de AgNP, Ca(OH): y ZnO:NP en el modelo
de agar cromo-orientador.
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Gréfica 1. Inhibicion del crecimiento bacteriano expresado en mm de Ca(OH)2, AgNP y
ZnO:NP.

Tabla 1. Resultados de la prueba de difusion en disco.

Grupo media (mm) Desviacion estandar (mm) p-value
ZnO2NP 15.2143 1.0313
Ca(OH): 10.2857 0.5998 <0.001
AgNP 8.1786 0.6118
Comparacion p-value
AgNP vs CaOH2 <0.001
AgNP vs ZnO2NP <0.001
CaOH2 vs ZnO2NP <0.001

4.4 Prueba de ensayo antibacteriano en dilucion

Se emplearon 3 medicaciones intraconducto: gel de AgNP, gel de ZnO.NP y Ca(OH).. Se
replicaron ensayos con un total de 20 repeticiones para cada uno de ellos, donde se midio la
absorbancia de cada uno de los grupos y se determind, de acuerdo a esta, el grado de
inhibicidn del crecimiento bacteriano. Como control positivo se utiliz6 E. faecalis en medio
agar soya tripticasa, y como control negativo se usd agar soya tripticasa.
El gel de ZnO.NP mostr6 una menor absorbancia, lo que se traduce en una mayor capacidad
antibacteriana, seguido por el hidroxido de calcio. EI gel de AgNP fue el menos eficiente.
Ademas, se observo que la mayor concentracion otorga mayor inhibicion al material.
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Figura 6. Lectura de absorbancia del modelo de difusion para determinar la inhibicion del
crecimiento bacteriano de E. faecalis en presencia de Ca(OH)2, AgNP y ZnO:NP.
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Grafica 2. Inhibicion del crecimiento bacteriano medido en absorbancia de Ca(OH)., AgNP
y ZnO:NP.



Tabla 2. Resultados de la prueba de dilucion.

media
Grupo (absorbancia) Desviacion standar p-value
ZnO2NP 0.37 0.01
Ca(OH)2 0.41 0.01 <0.001
AgNP 0.44 0.01
Comparacion p-value
AgNP vs CaOH2 <0.001
AgNP vs ZnO2NP <0.001
CaOH: vs ZnO2NP <0.001

Se emplearon 3 medicaciones intraconducto: gel de AgNP, gel de ZnO:NP y Ca(OH).. Para
el tratamiento con ZnO-NP, la fluorescencia roja es prominente (después del tratamiento), lo
que indica una gran cantidad de células muertas. Esto sugiere que estas nanoparticulas matan
eficazmente las bacterias de la biopelicula. En el caso del tratamiento con Ca(OH)., la
fluorescencia roja también es significativa, lo que indica un niimero sustancial de células
muertas. Esto demuestra que el hidroxido de calcio tiene efectos antimicrobianos notables,
pero parece ser menos eficaz que las nanoparticulas de peroxido de zinc. Por ultimo, en el
tratamiento con AgNP, la fluorescencia roja estd presente, pero no es tan dominante, lo que
sugiere que los AgNP tienen un efecto antimicrobiano menor en comparaciéon con las
nanoparticulas de peroxido de zinc y el hidréxido de calcio. En resumen, los resultados de la
tincidon vivo/muerto resaltan que las nanoparticulas de peroxido de zinc exhiben la actividad
antimicrobiana mas significativa, seguidas por el hidroxido de calcio, mientras que las AgNP
muestran la menor efectividad antimicrobiana entre los tres tratamientos.

SUU3500.7,00V:6.4mm x1,10k SE10/26/12022 50.0¢m SU8500 7 O@VI.AM’&W .10K'SE 10/2612022

AgNDs Ca(0H)2 Zn02NPs
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Figura 7. Caracterizacion y evaluacion antimicrobiana de muestras tratadas. (A-C) Imagenes
de microscopia electronica de barrido (SEM) que muestran la morfologia de la superficie de
muestras de dentina. (A) Muestra de dentina limpia que presenta una estructura porosa. (B)
Muestra de dentina con biopelicula de E. faecalis que muestra colonizacidn bacteriana dentro
de los tubulos. (C) Mayor aumento de la superficie de la dentina que revela la estructura de
la biopelicula en los tibulos dentinarios. (D-F) Resultados de tincién vivo/muerto de
muestras tratadas con biopeliculas visualizadas mediante microscopia de fluorescencia.

5. DISCUSION

En endodoncia, se han utilizado diversos materiales como medicacion intraconducto con el
fin de lograr una desinfeccion eficaz. Sin embargo, ninguno ha demostrado tener todas las
propiedades ideales, tales como baja toxicidad, alta efectividad contra microorganismos
resistentes, y facilidad para ser colocado y retirado del sistema de conductos radiculares
(105). Esta busqueda constante de materiales con estas caracteristicas ha impulsado el uso de
tecnologias avanzadas, entre ellas la nanotecnologia, que incluye ZnO.NP, ChNP, AgNP y
nuestra propuesta de ZnO-NP. Aunque el Ca(OH): sigue siendo el tratamiento de referencia
en endodoncia, en este estudio hemos comparado los efectos de geles de nanoparticulas de
perdxido de zinc y nanoparticulas de plata con el hidroxido de calcio (106).

Los resultados mostraron que las nanoparticulas de peroxido de zinc en gel son més eficaces
como medicacidn intraconducto que el hidroxido de calcio y las nanoparticulas de plata en
los modelos de difusién, dilucién y microscopia laser confocal. De los tres grupos, las
nanoparticulas de plata demostraron ser las menos eficientes. Este resultado podria estar
relacionado con el tamafio de las nanoparticulas, ya que algunos estudios sugieren que los
tamafios mas pequefios tienden a ser mas efectivos como agentes bactericidas (en nuestro
caso, las nanoparticulas de plata tenian un tamafio de 80 nm) (107). Ademas, nuestras
nanoparticulas de plata tenian una carga negativa, y estudios previos han indicado que las
nanoparticulas de plata con carga positiva tienen mayor actividad antimicrobiana contra
bacterias endodonticas (108).

Estas diferencias en los resultados no solo se deben al tamafio de las nanoparticulas, sino
también a factores como el método de sintesis, la carga y el tiempo de almacenamiento, ya
que las nanoparticulas de plata tienden a aglomerarse con el tiempo, lo que altera sus
propiedades fisicoquimicas y, por ende, su eficacia antibacteriana (109). Otro aspecto
importante es que los modelos experimentales no estan estandarizados en el ambito de la
endodoncia, lo que lleva a que los investigadores definan de manera subjetiva las condiciones
de los ensayos, haciendo dificil su replicacion y comparacion (110).

Una posible razon por la que el gel de nanoparticulas de perdxido de zinc mostro una mayor
actividad antimicrobiana que el gel de nanoparticulas de platay el hidréxido de calcio podria
estar relacionada con su capacidad para generar especies reactivas de oxigeno (111). Las
bacterias suelen tener dificultades para desarrollar resistencia a estos niveles elevados de
especies reactivas, ya que atacan multiples estructuras celulares (112). De hecho, en la
actualidad se estan considerando estrategias que se basan en la generacion de especies
reactivas de oxigeno para tratar infecciones resistentes. Por ejemplo, se ha observado que la
inhibicidn de los sistemas antioxidantes bacterianos las hace mas vulnerables a estas especies

13



(113). Otro mecanismo de accion es la deplecion de iones metalicos como el manganeso
(Mn?") y el zinc (Zn*"), que son esenciales para el funcionamiento de las enzimas
antioxidantes bacterianas (114). Asimismo, la inhibicion de la produccion de pigmentos
protectores, como la estafiloxantina en S. aureus, podria reducir la resistencia a las especies
reactivas de oxigeno (115).

En cuanto al gel de nanoparticulas de plata, creemos que su principal mecanismo de accion
fue la liberacion de iones de plata, dado que la mayor parte de las nanoparticulas
permanecieron confinadas dentro del gel (116). Los iones de plata interactdan con diferentes
estructuras celulares, incluyendo la membrana, proteinas, ADN y vias de sefalizacion,
generando incluso especies reactivas de oxigeno que causan la muerte de la bacteria (117).
No obstante, se ha informado que ciertas bacterias han desarrollado mecanismos para
neutralizar estos iones de plata (118). Por ejemplo, se ha descubierto que Microcystis
aeruginosa puede producir una matriz extracelular que atrapa los iones de plata (119). Se ha
reportado un fenémeno similar en E. faecalis resistente a nanoparticulas de plata (120).

También se ha documentado que las bombas de eflujo de metales pesados contribuyen a
expulsar los iones de plata fuera de la célula bacteriana, evitando asi que causen dafios
internos. Recientemente, se ha informado que E. faecalis resistente a nanoparticulas de plata
posee bombas de eflujo como la Copper Transporter CopA y la Heavy Metal Translocating
P-type ATPase (120). Asimismo, se ha observado una alta prevalencia de genes que codifican
bombas de eflujo de plata en bacterias aisladas de infecciones endodonticas secundarias
(121). Ademas, las cepas de E. faecalis resistentes a nanoparticulas de plata han mostrado un
aumento en la expresion de genes y proteinas que inactivan las especies reactivas de oxigeno
(120). A pesar de esto, es probable que las nanoparticulas de peroxido de zinc tengan una
mayor capacidad para generar especies reactivas de oxigeno que las nanoparticulas de plata,
lo cual podria explicar por qué superaron las defensas de E. faecalis (ATCC® 29212™)
(122). La capacidad de las nanoparticulas de perdxido de zinc para producir estas especies
ha sido bien documentada (123). Aunque los mecanismos de resistencia bacteriana a
nanoparticulas han sido objeto de estudio recientemente, su investigacion en bacterias
endoddnticas aln es limitada. Cabe destacar que las bacterias anaerobias obligadas,
facultativas y microaerofilicas, que constituyen gran parte de la microbiota endodéntica,
presentan pocos mecanismos de defensa contra las especies reactivas de oxigeno (124).

Una ventaja adicional de las nanoparticulas de peréxido de zinc en comparacién con las de
plata es su naturaleza "anfétera". Esto significa que el zinc puede interactuar tanto con acidos
como con bases, formando sales de zinc o complejos de zincato, lo que podria aumentar su
efectividad antibacteriana al dafiar una mayor variedad de estructuras bacterianas (125). Por
ejemplo, Toledano et al. evaluaron nanoparticulas poliméricas complementadas con
doxiciclina, calcio y zinc, y observaron que las mas efectivas eran aquellas que contenian
doxiciclina, seguidas por las de zinc y calcio. Los autores también sefialaron que la
doxiciclina tiene propiedades anfoteras (126).

Otra ventaja del zinc es que, al ser un elemento esencial para los humanos, tanto el 6xido de
zinc como sus nanoparticulas, junto con las nanoparticulas de manganeso y diéxido de
titanio, son consideradas seguras por la Food and Drug Administration (FDA) segun el US
Code of Federal Regulations (Title 21-CFR 182.8991)(127) . Esto no ocurre con las
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nanoparticulas de plata, que pueden causar toxicidad debido a su acumulacion en el cuerpo
y en el medio ambiente (128).

Finalmente, aunque existen pocos estudios sobre la sintesis de geles con nanoparticulas como
medicamentos intraconducto, Berrio et al. reportaron recientemente la creacion de geles con
nanoparticulas de plata y cobre, donde los geles con nanoparticulas de plata a
concentraciones de 0.3 y 0.5 molar mostraron la mayor actividad antimicrobiana. Las
caracteristicas que contribuyeron a esta efectividad fueron su alta disolucion, viscosidad
adecuada, baja rugosidad superficial y baja porosidad (129). Por otro lado, Roig et al.
desarrollaron un gel cargado con nanoparticulas de hidroxido de calcio, que es termosensible,
presentando una fase liquida y una fase elastica segun la temperatura. Este gel demostr6 una
excelente penetracion en los tdbulos dentinarios y buena biocompatibilidad (130).

Marin-Correa et al. sintetizaron geles con dos concentraciones de nanoparticulas de plata
(300 y 500 pg/ml) y concluyeron que ambos geles tenian una actividad antimicrobiana
similar a la del hidroxido de calcio (131). Samiei et al. desarrollaron geles con nanoparticulas
de Oxido de zinc, ademas de una combinacion de nanoparticulas de zinc y plata,
comparandolos con una mezcla de hidroxido de calcio y clorhexidina. Sus resultados
indicaron que la combinacion de hidroxido de calcio y clorhexidina fue mas efectiva que los
geles con nanoparticulas (132).

Una limitacion de este estudio es el uso de modelos in vitro y ex vivo, lo que limita la
extrapolacion de los resultados a escenarios clinicos, donde las condiciones son mas
complejas y dindmicas (133).

6. CONCLUSION

El gel complementado con nanoparticulas de peréxido de zinc demostro ser mas efectivo en
términos de actividad antimicrobiana que el gel con nanoparticulas de plata y el hidréxido de
calcio. Esto podria deberse a la capacidad superior de las nanoparticulas de zinc para generar
especies reactivas de oxigeno, lo que parece superar las defensas de las bacterias evaluadas.
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Evaluar la capacidad antibacteriana del gel de NPAg y
NPZnO: con Enteroccocus faecalis para su potencial uso

como medicacion intraconducto.
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No hay diferencia entre el efecto antibacteriano de los
geles de NPAg y NPZnO2 en comparacién con Ca(OH)2.
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Si hay diferencia entre entre el efecto antibacteriano de
los geles de NPAg y NPZnO2 en comparacion con
Ca(OH)a.

NANOPARTICULAS DE PEROXIDO DE ZINC

# Gessmim  Biofunctionalized zin peroxide (ZnO)
_ manoparticles as active oxygen sources and
antibacterial agents*

Auscobes i i
Biofunctionalized
od

bes aod

Synthesized zinc peroxide nanopartick
(ZnO-NPs):a novel antimicroblal, antl-elastase,
anti-keratinase, and anti-inflammatory approach
toward polymicrobial burn wounds

pr———
ide nanoparticles inhibit peri-implantitis
PH-

dependent

Frtes . Chrision Begs . Anéet P

Georg Conrads

PLANTEAMIENTO
DEL PROBLEMA

La  medicacion  intraconducto  es
indispensable en los tratamientos
endodénticos, previene la
proliferacion de bacterias entre citas,
crea una barrera fisiomecanica y
acelera la recuperacion de tejidos
periapicales.

En este sentido, es necesario el
desarrollo de nuevos medicamentos
intraconductos que aseguren su
efectividad bactericida y faciliten su
manejo y aplicacion en la practica
odontoldgica.

OBJETIVOS ESPECIFICOS

Sintesis de NPAg y NPZnO:.

Caracterizacion de NPAg y NPZnO: mediante: Espectroscopia Optica,
Potencial Z, DLS, Microscopia electronica de transmision.

Elaboracion de geles de NPAg y NPZnOa.

Observar la inhibicion bacteriana de los geles de NPAg, NPZnO3, Ca(OH)2
en antibiograma de agar cromo-orientador de Enteroccocus Faecalis.

Infectar cubos de dentina con E. faecalis.

Observar en microscopia laser confocal con tincién vivo y muerto la

inhibicién de NPAg, NPZnO3, Ca(OH)2

METODOLOGIA
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ELABORACION DE GELES

Containing Silver Nanoparticles
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MATERIALES

ANTIBIOGRAMAS
AGAR CROMO-
ORIENTADOR

ANTIBIOGRAMAS
NPAg

ANTIBIOGRAMAS
NPZnO:

ANALISIS ESTADISTICO

Results of the Disk Diffusion Test

Group ___ Mean (mm) Standard Deviation (mm) p-value
ZnO2NP 15.2143 1.0313
Ca(OH)2 10.2857 05998 <0.001
AgNP 8.1786 0.6118
Comparison p-value
AgNP vs CaOH2 <0.001
AgNP vs ZnO2NP <0.001
CaOH2 vs ZnO2NP <0.001

De acuerdo con el resultado del andlisis estadistico, se rechaza la hipétesis nula y puede

afirmarse que el tipo de material tiene una influencia estadisticamente significativa en el halo

de inhibicion.
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ANALISIS ESTADISTICO

Results of the Absorbance Test
Group__Mean (Absorbance) _Standard D n_pvalue

ZnONP 037 001
Ca(OH). 041 0.00 <0.001
_AgNP 044 001
Comparison p-value
ZNnO2NP vs CaOH2 <0.001
ZnO2NP vs AgNP <0.001
CaOH2 vs AgNP <0.001

De acuerdo con el resultado del anilisis estadistico, se rechaza la hipétesis nula y
puede afirmarse que el tipo de material tiene una influencia estadisticamente
significativa en la absorbancia.
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Evaluation of the Antibacterial Efficacy of Silver medication on the biofilm of Enterococcus faecalis in starvation phase
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Despite the antibacterial effectiveness of AgNPs in dentistry, the Ca(OH); AgNP Cal(OH),#AgNP
possible adverse effects such as cytoxicity to host cells and dentin stain
ing made it a controversial agent for in vivo application (30). Althougt
previous studies have confirmed that the ovtoxic of Aﬂ“’ﬁ it LgCFU/mL 3782069 283:048 239:023 2242029 206£022 1912028
concentration-dependent (19), further studies are required to optimiz
the use of AgNPs for root canal disinfection. In summary, the finding:
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This systematic review investigates the antibacterial effects of silver nanoparticles (AgNPs) on polymicrobial biofilms in end-
odontics, emphasizing their potential enhancement of traditional treatment methods. Recognizing the limitations of current
endodontic disinfectants in fully eradicating complex biofilms, this study focuses on the synergistic potential of AgNPs to improve
antimicrobial efficacy. Utilizing a systematic approach based on PRISMA guidelines, the review draws on studies from databases
like PubMed, Web of Science, and SCOPUS up to 2024. The included research specifically examines the role of AgNPs in various
endodontic applications against resilient biofilms, adhering to strict inclusion criteria that demand clear methodology and
measurable outcomes. The results suggest that AgNPs can significantly augment the biofilm disruption capabilities of con-
ventional antimicrobials, potentially due to their ability to modify the biofilm matrix and enhance agent penetration. However, the
effectiveness varies depending on the nanoparticle concentration and application technique, indicating a need for further
optimized studies. In conclusion, while AgNPs show promise in enhancing endodontic antimicrobial protocols, additional in vivo
research is necessary to establish standardized, effective, and safe clinical applications. The review highlights the complex in-
teractions between nanoparticle properties and biofilm biology, underscoring the importance of further investigation in this area.

1. Introduction [16]. These processes have not demonstrated complete
elimination of the microbiota present within infected RCS,

The primary objective of endodontics is to cure or prevent  and bacteria have been detected even after exhaustive

periapical pathology [1]. Bacteria and their byproducts are
the main etiological factors of apical periodontitis [2, 3],
making disinfection processes crucial to the success of root
canal treatments [4-6]. Various materials, systems, and
techniques have been developed to achieve optimal disin-
fection of the root canal system (RCS) [6-8].

Disinfection of the RCS is traditionally performed using
irrigants such as sodium hypochlorite (NaOCI) [5, 8, 9],
chlorhexidine (CHX) [4, 6], and ethylenediaminetetraacetic
acid (EDTA) [4, 10], often used in association with intra-
canal medications like calcium hydroxide (Ca(OH),)
[11-13], triple antibiotic pastes [14, 15], and iodoform pastes

chemical and mechanical disinfection [17]. It is well known
that primary endodontic infections are polymicrobial, with
strict anaerobic bacteria notably dominating. In contrast,
persistent infections often involve aerobic and facultative
Gram-positive microorganisms, notably Enterococcus fae-
calis [18], a bacterial species predominantly tested in bac-
teriological studies to determine the effectiveness of
endodontic materials [19, 20]. This bacterium is unique in
being identified in cases of endodontic failure. It is con-
sidered one of the most difficult to eradicate due to its ability
to withstand extreme conditions, form biofilms, penetrate
dentinal tubules, and tolerate high pH levels [21]. However,
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these monocultures of E. faecalis do not represent the real
conditions faced by clinicians, as this species is not the sole
perpetrator of apical periodontitis but only part of a mixed
microbial community with complex interactions that in-
fluence the progression and outcome of periapical
pathology [22].

Nanotechnology has rapidly developed and serves as
an exceptional tool for various biomedical applications,
including tissue regeneration, biosensors, drug delivery,
and antimicrobial uses, to name a few [23]. Nano-
materials offer unique physicochemical properties due to
their larger surface-to-volume ratio and a higher number
of atoms present near the surface. These advantages can
be leveraged to design specific materials capable of
interacting with tissues to achieve maximum antimi-
crobial efficacy with minimal toxicity possible [24].
Nanoparticles, such as zinc oxide (ZnQO NPs), copper
(CuNPs), titanium dioxide (TiO2 NPs), and gold
(AuNPs), have demonstrated significant antimicrobial
properties. For instance, ZnO NPs are known to generate
reactive oxygen species (ROS) that damage bacterial cell
membranes and disrupt metabolic processes. Similarly,
CuNPs release copper ions that interfere with cell
membranes and cause DNA damage, making them ef-
fective against bacteria, viruses, and fungi. TiO2 NPs,
activated by UV irradiation, also generate ROS that can
destroy microorganisms, while AuNPs, though more
commonly recognized for their applications in therapy
and diagnostics, possess antimicrobial properties
through membrane disruption and ROS generation [25].
Silver nanoparticles (AgNPs) have been the most studied
and are the best understood among nanoparticles. Their
efficacy is attributed to the release of silver ions (Ag+)
that interact with bacterial cell membranes, causing
permeability and integrity disruptions, as well as damage
to DNA and enzymatic functions. Additionally, AgNPs
induce ROS generation, contributing to oxidative stress
and cell death. These properties, combined with their
potential biocompatibility at low concentrations, have
positioned AgNPs as key components in the disinfection
of surfaces, medical devices, and in dental applications,
where their use in root canal disinfection and antimi-
crobial filling materials is under investigation. Thus,
antimicrobial nanoparticles represent a robust field of
research with significant potential to enhance infection
control strategies across various health sectors [26].

In the field of endodontics, they have been applied as
irrigants [27], intracanal medications [19], in sealers [28],
and combined with gutta-percha [29] to harness their an-
timicrobial activity. It has been demonstrated that the ul-
trasonic activation of AgNPs as irrigants in endodontics
enhances their antimicrobial activity, killing up to 90% of
E. faecalis cultures [30, 31]. This is due to the removal of the
smear layer and the opening of dentinal tubules, which
facilitates the penetration of the irrigant and its contact with
the bacteria present in the root canal [32]. However, most of
these studies have been conducted on monobiofilms, and the
efficacy of nanoparticles on polymicrobial biofilms has been
less investigated.

Journal of Nanotechnology

With this background, the present systematic review
summarizes the results regarding the effectiveness of AgNPs’
antimicrobial activity against polymicrobial biofilms in vitro
in endodontics.

2. Materials and Methods

The International Prospective Register of Systematic Re-
views (PROSPERO) database was searched for registered
protocols on a similar topic. There was no registered pro-
tocol for the study of the use of AgNPs and antibacterial
activity on polymicrobial biofilms. However, this study
could not be registered because the new inclusion criteria of
PROSPERO do not allow the registration of systematic
reviews of in vitro studies. The systematic review followed
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. The selection criteria were as
follows.

2.1. Inclusion Criteria

(1) In vitro studies investigating the effectiveness of
AgNPs used in irrigants, sealing cements, or as
intracanal medication on polymicrobial biofilms.

(2) Publications up to the year 2024,

(3) Studies published in scientific journals with an im-
pact factor.

(4) Research utilizing clearly defined methodologies to
measure antimicrobial effectiveness.

(5) Articles not in English.

2.2. Exclusion Criteria

(1) Studies not focused on endodontic-related poly-
microbial biofilms.

(2) Narrative and systematic reviews, case reports, letters
to the editor, experimental/exploratory studies,
opinions, and abstracts.

(3) Articles not in the English language.

The research question was “Are AgNPs effective anti-
microbial agents against polymicrobial biofilms in end-
odontics in in vitro studies?”

(1) Population (P): In vitro polymicrobial biofilms rel-
evant to endodontic infections.

(2) Intervention (I): Use of silver nanoparticles as
endodontic disinfectants.

(3) Comparison (C): Conventional endodontic

disinfectants.
(4) Outcome (O): Improvement in microbial eradica-
tion or antimicrobial efficacy.

The search strategy was conducted on PubMed, Web of
Science, and SCOPUS up to April 2024, with no time re-
strictions and considering only articles published in English.
Gray literature was not considered because it often lacks peer
review, compromising its quality and reliability.
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Additionally, it is subject to publication bias by including
negative or inconclusive results. The search terms were as
follows:

(1) “Silver  nanoparticles”
“endodontics”.

and “biofilms” and

(2) “Silver nanoparticles” and “polymicrobial biofilms”
and “endodontics”.

Two reviewers independently selected studies according
to the established criteria for inclusion in the systematic
review. The selection process involved an initial screening of
titles and abstracts to identify potentially relevant studies
and the manual removal of duplicates, followed by a review
of full texts to determine those meeting the selection criteria.
Only studies deemed eligible by both reviewers were in-
cluded in the review. Additionally, a manual search of the
references from the included studies was conducted to find
other potentially relevant studies. Two reviewers performed
data extraction. Data extracted for analysis included the type
of study, sample size, concentration of AgNPs, alternative
agents used, and study outcomes. Assessment of Risk of Bias:
a customized criterion for risk of bias was developed based
on previous systematic reviews [33, 34]. The reasons for the
exclusion of articles are described in Table 1.

A meta-analysis was conducted to determine the ef-
fectiveness of different types of nanoparticles against pol-
ymicrobial biofilms in endodontics. In the meta-analysis, the
results of the groups using nanoparticles were compared
with the groups that used NaOCL Two of the three studies
included in the meta-analysis reported their results in the
form of graphs, so the WebPlotDigitizer application was
used to extract the data from the graphs. However, due to the
format of the graphs, there were study groups for which the
data could not be extracted accurately. The chi-square test
and I2 statistic were used to assess heterogeneity. The
random-effects model was used to assess the average dis-
tribution for studies with substantial unexplained
heterogeneity.

3. Results

In this systematic review, we initiated the search for studies
through three databases. A total of 106 records were
identified and distributed among PubMed (71), Scopus (19),
and Web of Science (16). After removing 13 duplicate re-
cords, 93 records remained for screening. During the
screening phase, 81 records were excluded based on initial
review criteria, leaving 12 reports for detailed retrieval. All
12 reports were successfully retrieved, and of these, 6 were
assessed for eligibility. The main exclusion criterion applied
at this stage was the nonuse of polymicrobial biofilms,
leading to the exclusion of 3 reports (Figure 1). Table 1
summarizes the characteristics of the studies excluded for
various reasons. Ultimately, 3 studies met all inclusion
criteria and were included in the systematic review. These
studies contribute to the existing body of knowledge on the
use of polymicrobial biofilms in scientific research. The
rigorous selection process ensured the inclusion of highly

relevant studies, which were then analyzed to synthesize the
findings of this review.

The three included studies utilized human teeth as
samples. Each study detailed the types of materials used,
including AgNPs, CHX, and graphene oxide matrices.
Control groups were established for comparative data, and
the sample sizes varied across studies. Specific details on
sample size, materials, and control groups are summarized
in Table 2.

In the study of Tiilii et al., scanning electron microscopy
(SEM) images showed that after one week, a dense biofilm
made up of various bacterial species covered the entire
dentine surface. No bacteria grew in the negative control
samples. Before treatment, the samples had about 7.47 log
colony-forming units (CFU) of bacteria. The least reduction
in bacteria was seen in the saline-treated samples for both 1-
day and 7-day treatments. Adding AgNPs to Ca(OH),
significantly improved its antibacterial effect at both 1-day
and 7-day applications. The 7-day treatment was more ef-
fective than the 1-day treatment. Confocal laser scanning
microscopy (CLSM) images confirmed that the saline group
had mostly live bacteria, while the mixture of AgNPs with
CHX killed significantly more bacteria than other treat-
ments. Ca(OH), mixed with AgNPs was more effective than
Ca(OH), alone. However, live bacteria were still found in
deeper layers of the biofilm [38]. In the study of Ioannidis
et al, the authors found that NaOCI 2.5% was the most
effective, significantly reducing viable bacteria compared to
other irrigants. Silver nanoparticles in a graphene oxide
matrix (Ag-GO), NaOCl 1%, and CHX 2% also showed
higher efficacy than saline and EDTA 17%. The negative
control group had no detectable bacteria. NaOCI 2.5% and
Ag-GO were most effective in the middle lateral canals, while
NaOCl 2.5% was the most effective in the apical lateral
canals. Ag-GO showed significant biofilm disruption, es-
pecially with ultrasonic agitation irrigation (UAI), which
enhanced its effectiveness. NaOClI 2.5% also showed max-
imum biofilm disruption with no viable biovolume detected.
EDTA 17% and NaOCI 1% improved biofilm disruption
with UAIL though EDTA 17% still had a high percentage of
live biofilm [39]. In the study of Ertem et al., for smear-layer
removal, sodium phytate (SP) and ethyleneglycol-bis(S-
aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA) were
effective when combined with silver nanoparticles in a silica
shell (AgNPs@8i02) and NaOCl, successfully cleaning the
smear layer and opening dentinal tubes. The samples treated
with AgNPs@8iO2 + Tris + NaOCl did not remove the smear
layer. Antimicrobial tests on biofilms of E. faecalis and a five-
species mixture showed significant reductions in viable cells.
Solutions with AgNPs@SiO2 prevented biofilm regrowth for
up to 168hours, demonstrating long-term effectiveness.
SEM images confirmed effective biofilm removal with
AgNPs@SiO2 and SP. The release of Ag+ from AgNPs@Si02
was sufficient to be lethal to bacteria over an extended
period. Cytotoxicity tests on human gingival fibroblasts
showed that the new solutions were less toxic than con-
ventional ones, making them safer for prolonged
contact [40].
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Identification of studies via databases and registers
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Ficure 1: Flowchart illustrating the systematic review process used to identify, screen, and select studies focusing on polymicrobial biofilms.

The meta-analysis revealed significant heterogeneity
among the individual studies, indicating that the results
varied more than would be expected by chance alone
(Figure 2). The overall combined effect of nanoparticle
treatments on polymicrobial biofilms in endodontics was
not statistically significant, with a * value of -1.15 and a p
value of 0.26. This implies that, collectively, the treatments
did not show a consistent and significant effect based on the
available data. The heterogeneity analysis showed a chi®
value of 92.24 with a p value <0.001 and an I? value of 66%,
suggesting that 66% of the variability among the studies was
due to differences in study design, populations, outcomes
measured, and other factors, rather than random chance.
The prediction interval ranged from —4.17 to 2.88, further
indicating variability in the treatment effects observed across
the studies. The funnel plot analysis, depicted in Figure 3,
shows the relationship between the standard error and the
standardized mean difference for the included studies. The
distribution of the points around the line of no effect

(vertical red line) indicates some asymmetry, suggesting the
potential presence of publication bias.

Table 3 summarizes the methodological quality of the three
studies included in the systematic review. Each study was
evaluated based on several criteria of methodological rigor, such
as the use of human teeth, statistical calculation of sample size,
verification of bacterial inoculation, mention of particle size,
presence of a control group, prior preparation of the teeth,
consistency in irrigation time, and blinding of the observer. The
risk of bias analysis of the three studies showed that Ioannidis
etal. and Ertem et al. had a low risk of bias, while Tiilii et al. had
a medium risk of bias. loannidis et al. and Ertem et al. used
human teeth and verified particle size and the presence of
a control group, although only Ioannidis et al. statistically
calculated the sample size. Tiilii et al. did not report the use of
human teeth or the calculation of sample size but did verify
bacterial inoculation. All studies ensured consistency in irri-
gation time and reported no conflicts of interest, although none
reported on observer blinding.
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Source

SMD (95% CI)

Ertem et al. AgNPs (0h) 2017

Ertem et al. AgNPs@SiOZ[&UlB 2017

Ertem et al. AgNPs+Tris+NaOCI (0h) 2017

Ertem et al. AgNPs@5i02+Tris+NaQCI (0h) 2017

Ertem et al. AgNPs+Tris+NaOCI+EGTA (0h) 2017

Ertem et al. AgNPs@8i02+Tris+NaOCI+EGTA (0h) 2017
Ertem et al. AgNPs@8i02+ Tris+ EGTA (0h) 2017

Ertem et al. AgNPs+ Tris+ NaOCl+ SP (0h) 2017

Ertem et al. AgNPs@SiO2+ Tris+ NaOCl+ SP (0Oh) 2017
Ertem et al. AgNPs@SiO2+ Tris+ SP (0h) 2017

Ertem et al. AgNPs (48h) 2017

Ertem et al. AgNPs@Si02 (48h) 2017

Ertem et al. AgNPs+Tris+NaOCI (48h) 2017

Ertem et al. AgNPs@58i02+Tris+NaOCl (48h) 2017

Ertem et al. AgNPs+Tris+NaOCl+EGTA (48h) 2017
Ertem et al. AgNPs@8i02+Tris+NaOCI+EGTA (48h) 2017
Ertem et al. AgNPs@SiO2+ Tris+ EGTA (48h) 2017

Ertem et al. AgNPs+ Tris+ NaOCl+ SP (48h) 2017

Ertem et al. AgNPs@S8iO2+ Tris+ NaOCl+ SP (48h) 2017
Ertem et al. AgNPs@SiO2+ Tris+ SP (48h) 2017

Ertem et al. AgNPs (96h) 2017

Ertem et al. AgNPs@5i02 (96h) 2017

Ertem et al. AgNPs+Tris+NaOCI (96h) 2017

Ertem et al. AgNPs@Si02+Tris+NaOCI (96h) 2017

Ertem et al. AgNPs+Tris+NaOCl+EGTA %‘9611 2017
Ertem et al. AgNPs@Si02+Tris+NaOCI+EGTA (96h) 2017
Ertem et al. AgNPs@SiO2+ Tris+ EGTA (96h) 2017

Ertem et al. AgNPs+ Tris+ NaOCl+ SP (96h) 2017

Ertem et al. AgNPs@58iO2+ Tris+ NaOCl+ SP (96h) 2017
Ertem et al. AgNPs@SiO2+ Tris+ SP (96h) 2017

Ertem et al. AgNPs (168h) 2017

Ertem et al. AgNPs@SiO2 (168h) 2017

Ertem et al. AgNPs+Tris+NaOCI (168h) 2017

Ertem et al. AgNPs@Si02+Tris+NaQCl (168h) 2017
Ertem et al. AgNPs+Tris+NaOCI+EGTA (168h) 2017
Ertem et al. AgNPs@8i02+Tris+NaOCI+EGTA (168h) 2017
Ertem et al. AgNPs@8iO2+ Tris+ EGTA (168h) 2017
Ertem et al. AgNPs+ Tris+ NaOCl+ SP (168h) 2017

Ertem et al. AgNPs@8102+ Tris+ NaOCl+ SP (168h) 2017
Ertem et al. AgNPs@SiO2+ Tris+ SP (168h) 2017
loannidis et all Ag-GO ECL 2019

loannidis et al. Ag-GO {Ultrasonica].ly Activated) ECL 2019
loannidis et al. Ag-GO (XP Endo Finisher) ECL 2019
loannidis et al. Ag-GO LAT1 2019

loannidis et al. Ag-GO (Ultrasonica.lly Activated) LAT1 2019
loannidis et al. Ag-GO (XP Endo Finisher) LAT1 2019
loannidis et al. Ag-GO LAT2 2019

loannidis et al. Ag-GO (Ultrasonically Activated) LAT2 2019
loannidis et al. Ag-GO (XP Endo Finisher) LAT2 2019
Tiilii et al. Ca(OH)2 + AgNP 1 day 2021

Tiili et al. CHX + AgNP 1 day 2021

Tiilii et al. Ca(OH)2 + AgNP 7 day 2021

Tiilii et al. CHX + AgNP 7 day 2021

Total

Prediction interval

Heterogeneity: x}, = 92.24 (P < .001), I’ = 66%
Test for overall effect: £, = -1.15 (P = .26)

-1.97 [-4.37; 0.43]
0.89 [-0.91; 2.68)

-9.99 [-19.20; -0.78) —
0.05 [-1.55; 1.66)

0.25 [-1.37; 1.86)

-2.15 [-4.67;0.37]
-7.97 [-15.38; -0.56]
-1.55 [-3.67; 0.58]
-7.87 [-15.19 -0.55]
-1.82 [-4.12;0.48]
-7.33 [-14.17; -0.48]
-7.97 [-15.38; -0.56)
-2.35[-5.01;0.32]
-2.23 [-4.81;0.35]
-7.20 [-13.94; -0.47]
0.97 [-0.86; 2.80] -

.i

i

-4.35 [-8.615-0.09] -
-1.91 [-4.27; 0.45] =
-2.57 [-5.40; 0.26] -
10.99 [-21.09; -0.88] — ]

0.13 [-1.47; 1.74] =

12.06 [-23.13; -0.99]
8.58 [0.63; 16.53)
6.77 [0.42; 13.12]
4.20 [0.07; 8.34]
19.68 [1.74; 37.62)
1.12 [-0.77; 3.02]
1.92 [-0.45; 4.28]

1.55#0.05; 3.07]

1.27 [-0.16; 2.69]

0.53 [-0.74; 1.81]

-0.11 [-1.35; 1.13]

-0.64 [-1.78; 0.50] 3
[-4.17; 2.88)
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Figure 2: Forest plot of standardized mean differences (SMD) with 95% confidence intervals (CI) for various study groups evaluating the
effects of different nanoparticle treatments. The horizontal lines represent the 95% CI for each group, and the boxes represent the SMD. The
diamond at the bottom represents the overall effect size. Heterogeneity was assessed using chi® (Q=92.24, P < 0.001) and I? (66%). The test

for the overall effect shows t2=—1.15 (P = 0.26).

4, Discussion

This systematic review critically evaluated the antibacterial
effects of AgNPs against polymicrobial biofilms in endodontics.
The results across the included studies consistently highlighted
AgNPs’ potent antimicrobial activity, which can be attributed
to their ability to penetrate microbial cell membranes and
disrupt essential cellular functions, ultimately leading to cell
death [41]. Notably, AgNPs alone do not disrupt biofilms
effectively, which underscores the necessity of using these
nanoparticles in conjunction with other antimicrobial agents to
maximize their therapeutic potential [42].

The interaction of AgNPs with multispecies biofilms in
endodontics underscores the synergistic potential of the
nanoparticles with other antimicrobial agents. This suggests
that combinations of AgNPs with conventional antimicro-
bials or endodontic irrigants could offer improved thera-
peutic strategies. This synergy could potentially allow for the
use of lower concentrations of AgNPs in the future, reducing
the risk of toxicity while maintaining or enhancing anti-
microbial efficacy. However, a crucial finding from this
review is the variability in the concentration and size of the
AgNPs used in the studies, which directly affects their ef-
ficacy and biocompatibility. Higher concentrations of
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F1Gure 3: Funnel plot showing the relationship between standard error and standardized mean difference for the included studies. The
vertical red line represents the line of no effect. The observed asymmetry may suggest the presence of publication bias.

AgNPs tend to be more effective against biofilms but also
pose greater risks of cytotoxicity, highlighting the need to
optimize dosing to maximize antimicrobial efficacy while
minimizing adverse effects [38-40].

CLSM has become essential in evaluating the efficacy of
AgNPs as disinfectants in endodontic mixed biofilms due to
its ability to provide detailed, three-dimensional images of
these structures [43, 44]. CLSM allows the observation of
specific cross-sections within biofilms, crucial for analyzing
how nanoparticles interact with and penetrate biofilm layers,
enhancing antimicrobial activity [45]. Unlike invasive mi-
croscopy techniques, CLSM maintains the biofilm’s intact
structure during visualization, accurately simulating the root
canal environment [46]. It differentiates between living and
dead cells using fluorescent markers, essential for assessing
the real-time effectiveness of AgNPs and understanding
antimicrobial dynamics [47]. The optical pinhole in CLSM
reduces image artifacts, resulting in clearer, more defined
images for precise observation of nanoparticle effects on
biofilms [48]. Additionally, CLSM’s ability to use multiple
fluorescent dyes simultaneously makes it ideal for studying
mixed biofilms, allowing exploration of complex bacterial
interactions and development of effective disinfection
strategies in endodontics [49].

In the study by Tiilii et al., AgNPs showed greater an-
timicrobial activity when mixed with CHX rather than with
Ca(OH); [38]. This can be attributed to the synergy between
their mechanisms of action, where CHX damages cell
membranes and facilitates the penetration of AgNPs, while
AgNPs release silver ions that cause DNA and enzymatic
damage. These results are consistent with previous
studies [50].

In the study by Ioannidis et al., the authors found that
NaOCl 2.5% was more effective than silver nanoparticles in
a graphene oxide matrix [39]. This may be due to the size of
the nanoparticles, which ranged from 20 to 50 nm, poten-
tially hindering their penetration into bacteria and diffusion
within the biofilm. It has also been reported that nano-
particles smaller than 10nm exhibit the highest antimi-
crobial activity [51].

Finally, in the study by Ertem et al., the solutions with
AgNPs@SiO2 and SP or EGTA were effective in removing
the smear layer, eliminating the biofilm, and preventing its
regrowth for up to 168hours, demonstrating long-term
effectiveness. According to the authors, these characteris-
tics are due to the efficient removal of the smear layer,
allowing the opening of dentinal tubules, which facilitates
the penetration and action of antimicrobial agents. Addi-
tionally, the nanoparticles were able to modify the biofilm
matrix and enhance agent penetration, while the slow and
continuous release of silver ions (Ag+) from the nano-
particles prolonged their long-term antimicrobial effect [40].

Antimicrobial resistance is a growing concern in end-
odontics, especially with the increase in infections by
multispecies biofilms resistant to conventional treatments
[52, 53]. Generally, biofilms composed of various species
show greater resistance to disinfectants compared to bio-
films formed by a single type of microorganism [54]. An
example of this is the increased resistance of E. coli and
E. faecalis to disinfecting agents when these bacteria were
cultured together in biofilms, and it was also observed that
E. faecalis increased its survival when surrounded by col-
onies of E. coli [55). Furthermore, additional research has
revealed that S. aureus tends to have a higher number of
adhered cells in environments of mixed-species biofilms
compared to those formed by a single species, indicating that
some microorganisms can provide a protective effect on
others in mixed-composition biofilms [56].

Furthermore, it has recently been reported that some of
the resistance mechanisms of biofilms to antibiotics and
disinfectants are also related to resistance to nanoparticles.
However, little has been studied about this in the area of
endodontics and dentistry in general [57]. For example, the
extracellular polymeric substances (EPS), primarily com-
posed of polysaccharides and proteins, along with nucleic
acids and phospholipids, serve as a defense mechanism
against the antimicrobial activity of various nanoparticles,
especially AgNPs [58]. It has been reported that bacteria
produce EPS in response to nanoparticles, notably B. subtilis,
which produces extracellular polysaccharides and poly
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gamma-glutamate (PGA) as a defense capable of seques-
tering nanoparticles and metals, neutralizing their bacteri-
cidal activity [59]. Additionally, it was reported that
E. faecalis produces a specialized EPS for the inactivation of
AgNPs, containing proteins with the von Willebrand factor
A (VWA) domain, which has a high affinity for sequestering
Ag+ released by the AgNPs [60].

As mentioned earlier, the high mutation rates in biofilms
have also been linked to bacterial resistance to nanoparticles.
For example, the Dbs protein, involved in DNA-binding
stress response, is key in DNA repair mechanisms in
P. aeruginosa PAO1, which is resistant to carboxyl-group
quantum dots [61]. Similarly, E. faecalis resistant to AgNPs
expresses several proteins dedicated to DNA damage repair.
Among these proteins, the most relevant are Rec], an
exonuclease that works with single-stranded DNA, NAD-
dependent DNA ligase, the MutS DNA mismatch repair
protein, and the RecA recombinase. Rec] is involved in
homologous recombination and mismatch correction, while
MutS, MutS2, and Mutl. participate in the correction of
pairing errors. RecA recombinase is involved in the repair of
double-strand breaks in DNA. Finally, NAD-dependent
DNA ligase is involved in the repair of single- and
double-strand breaks in DNA [60]. These DNA repair
mechanisms increase the mutation rates of bacteria, fos-
tering the emergence of resistant strains [62].

Nanoparticles exert their antimicrobial action through
the excessive production of reactive oxygen species (ROS).
ROS kill bacteria by causing oxidative damage to essential
cellular components, including membranes, proteins, and
nucleic acids. ROS disrupt bacterial cell membranes through
lipid peroxidation, increasing membrane permeability and
leading to the loss of vital cellular contents. They also oxidize
proteins, particularly enzymes, causing inactivation and
impairing metabolic processes. Additionally, ROS induce
DNA and RNA damage, resulting in mutations and repli-
cation errors that hinder bacterial growth and reproduction.
The combined damage to these critical structures over-
whelms the bacteria’s antioxidant defenses, leading to ir-
reversible cell injury and death, making ROS an effective
antimicrobial agent with a reduced risk of resistance de-
velopment [63]. Bacterial cells have antioxidant systems,
such as glutathione, the principal antioxidant in bacteria, to
regulate these reducing conditions and counteract oxidative
stress [64]. Specifically, it has been reported that bacteria
such as P. aeruginosa, E. coli, B. subtilis, P. mirabilis,
E. faecalis, and E. cloacae demonstrate the ability to manage
elevated levels of ROS induced by nanoparticles, thanks to
enzymes like superoxide dismutase (SOD) [65].

Efflux pumps represent a crucial defensive strategy of
bacteria against nanoparticles [66]. These pumps belong to
five main families: resistance-nodulation-division (RND),
ATP-binding cassette (ABC), multidrug and toxic com-
pound extrusion (MATE), small multidrug resistance
(SMR), and major facilitator superfamily (MFS), which
differ in their localization, structure, and mechanism of
action. RND pumps are typical in Gram-negative bacteria
and are larger, while ABC pumps use adenosine tri-
phosphate (ATP) to function and can be either homodimers
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or heterodimers. MATE pumps rely on H+ or Na+ gradients
to expel substances, and SMR pumps specialize in resistance
against certain cations and heavy metals. The MFS family is
found in Gram-positive bacteria and also assists in the
expulsion of drugs and heavy metals [67].

A specific resistance mechanism to AgNPs is the SIICBA
efflux pump, located in the sil operon, which was discovered
in S. typhimurium and has been found in bacteria from
persistent endodontic infections [68]. Mutations in genes
related to resistance to silver and copper, as well as in outer
membrane proteins, can confer resistance to AgNPs in
bacteria such as K. pneumoniae [69]. Additionally, the
CusCFBA system and the CzcABC efflux system show the
ability to transport Ag and Cu ions out of the cell, con-
tributing to tolerance against these nanoparticles [70].
Lastly, the CopA protein, part of the cop operon, plays a role
in resistance to AgNPs by participating in the expulsion of
Cu, demonstrating the complexity of bacterial mechanisms
to counteract the effects of NPs [71]. This systematic review
underscores the urgent need for focused research to explore
the mechanisms of biofilm resistance to nanoparticle pen-
etration and to develop strategies that enhance the diffusion
of AgNPs within the biofilm matrix. The emerging
knowledge of microbial defenses against nanoparticles
should inform the future design of nanoparticle-based
endodontic therapies.

The limited number of studies included in this review
poses a significant limitation to the robustness of the con-
clusions that can be drawn. The meta-analysis detected
significant heterogeneity among the individual studies, in-
dicating that the study results varied more than would be
expected by chance alone. Although some individual studies
showed effects, the overall combined effect was not statis-
tically significant. This implied that, collectively, nano-
particle treatments did not show a consistent and significant
effect based on the available data. The detected heterogeneity
suggested inconsistent effects in magnitude and/or direction
across the studies, with 66% of the variability among studies
arising from heterogeneity rather than random chance.

The significant heterogeneity observed in the meta-
analysis could be attributed to several factors, including
variations in study design (such as different methodologies,
sample sizes, and experimental protocols), differences in the
populations studied (different combinations of bacteria
used), and variability in the specific outcomes measured or
definitions used. Additionally, inconsistencies in statistical
methods and reporting practices, publication bias and dif-
ferences in the quality of the included studies (methodo-
logical quality and risk of bias) likely contributed to the
heterogeneity. Moreover, the reliance on in vitro studies is
a notable constraint, as these do not fully replicate the
complex biological and microenvironmental conditions
encountered in clinical scenarios [72].

5. Conclusion

In conclusion, AgNPs represent a promising antimicrobial
strategy against multispecies biofilms in endodontics.
However, further studies are essential to optimize their
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formulation and application, understand the potential risks
of resistance and cytotoxicity, and establish clinical pro-
tocols that integrate AgNPs safely and effectively into
endodontic practice. Multidisciplinary collaboration among
nanotechnologists, microbiologists, and clinicians will be
key to translating the potential of AgNPs into successful
long-term clinical applications in endodontics.
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Abstract

Background The global spread of COVID-19 forced schools at all educational levels to close, which was repeated in
more than 60 countries. In addition, the COVID-19 pandemic has affected the mental health of dental students world
wide. This study hypothesizes that the prevalence of depression in dental students from El Salvador is higher than that
reported in studies from Europe, Asia, and North America.

Methods This study was an online cross-sectional survey performed at the Faculty of Dentistry of the University of
Salvador. The PHQ-9 questionnaire was applied to know the level of depression of the students, and a questionnaire
focused on learning the opinion of the students on the hybrid teaching model adopted. Approximately 450 students
participated in both questionnaires.

Results Regarding the levels of depression present in the students, 14% had minimal depression, 29% had medium
depression, 23% had moderate depression and, 34% had severe depression. The students had an excellent opinion
regarding the hybrid learning model.

Condusions The prevalence of depression in dental students in El Salvador seems to be higher than that reported
in studies in non-Latin American countnies. Therefore, universities must generate care plans for mental health to avoid
these harmful effects on students during future contingencies.

Keywords COVID-19, Depression, Dental students, Pandemics, Prevalence, Epidemiology
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Introduction

The disease that caused the most recent pandemic that
affected the world was initially identified in December
2019 in Wuhan, China. This respiratory viral disease was
named coronavirus disease 2019 (COVID-19). Approxi-
mately three months later, on March 11, 2020, COVID-
19 was declared a global pandemic by the World Health
Organization. Four months after the COVID-19 virus
was identified, the first patient diagnosed with COVID-
19 in El Salvador was confirmed on March 18, 2020 [1].
According to the global trends of the COVID-19 pan-
demic [2], experts estimated that 20% of the total popula-
tion of El Salvador could contract the virus and require
hospitalization. Likewise, between 4 and 9% of those
infected would require care in intensive care units, which
could cause the collapse of the country’s health services
[3]. The COVID-19 pandemic has been active in El Sal-
vador for approximately two and a half years (from Janu-
ary 3, 2020, to August 2, 2022). During this period, about
191,000 positive cases of COVID-19 have been reported,
of which 4,200 incidents have caused death. The fight
against the pandemic in El Salvador has consisted of
administering approximately 11 million doses of vaccines
[1).

The rapid spread of the COVID-19 pandemic world-
wide meant that vulnerable populations had to be con-
tained at home. Students are among these vulnerable
populations, so classes must be suspended at many dif-
ferent educational levels worldwide. This suspension, in
turn, interrupted the student’s study plans and activities
for a long time. Therefore, online teaching had to be used
to try to compensate for the deficiencies in education
caused by COVID-19 [4].

However, some university courses, such as dentistry,
require theoretical learning and constant clinical prac-
tice. Therefore, the clinical practice was the most chal-
lenging aspect to compensate for due to the high risk of
transmission of COVID-19 and because dental schools
had to suspend them entirely. At the same time, they
developed strategies to allow students to return to clini-
cal practice safely [5]. Dental education is based on three
parts. The first part is the theory, which can easily be car-
ried out through online classes. The second is practical
training in simulation labs; virtual reality simulations;
however not all faculties worldwide (especially in Latin
America) have virtual reality simulators for this purpose.
Finally, the third component is clinical practice, which
can hardly be replaced. Therefore, it is vital to know the
students’ opinions on the measures taken during the
pandemic to implement hybrid learning models, espe-
cially in the Latin American context. In the final months
of the pandemic, many dental schools opted for a hybrid
education model. The hybrid learning model combines
theoretical online teaching with clinical practices to carry
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out education safely. Mainly, in the final months of the
pandemic, the administration of vaccines to the general
populous kept the pandemic in control [6, 7].

Likewise, the prolonged confinement during the
COVID-19 pandemic also caused a deterioration in the
population’s mental health within the central psychologi-
cal affections are stress, anxiety, and depression. In addi-
tion, it has been previously reported that catastrophic
events (such as pandemics) that have economic and
social consequences increase the prevalence of mental ill-
nesses in the population [8]. This prevalence compounds
students’ psychological problems due to the tremendous
cognitive demand and economic issues they present dur-
ing their university career development, even under nor-
mal conditions [9]. Many articles have been published
on general depression during the COVID-19 pandemic.
However, according to the literature, few studies have
been carried out in populations of dental students, and
even fewer meet quality criteria. Of these, only one has
been carried out in a Latin American population such as
Brazil. Therefore, we consider that this article contrib-
utes to the study of the prevalence of depression in Latin
American dental students. The prevalence in this popula-
tion can be very different from the others due to specific
social and economic factors present in Latin America (for
example, gender inequalities, lower economic income,
less access to technology and less access to psychological
care in Latin American countries) that are very different
to those present in first world European, Asian or North
American countries [10-12].

This study hypothesizes that the prevalence of depres-
sion in dental students from El Salvador is higher than
that reported in studies from Europe, Asia, and North
America. This study aims to know the different degrees
of depression among dental students from the Univer-
sity of El Salvador Faculty of Dentistry and their opin-
ion on the effectiveness of the hybrid model of learning
implemented during the final months of the COVID-19
pandemic. Therefore, the first objective of this study is
to know the different degrees of depression among den-
tal students at the Faculty of Dentistry of the University
of Salvador. The study’s second objective is to know the
opinion on the effectiveness of the hybrid learning model
that the University has implemented during the final
months of the pandemic.

Materials and methods

Study type

This was an observational, descriptive, and analytical
study. The questionnaires used in this study were distrib-
uted to dental students at the Faculty of Dentistry of the
University of Salvador between October, November, and
December 2021 (Tables 1 and 5). The questionnaires were
applied individually through the google forms platform.
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Table 1 Questionnaire to determine levels of depression of
dental students (PHQ-9).
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Table 3 Association between levels of depression with age
group, gender, and semester of dental students

Over the last four weeks, how often have you been bothered by Factors No With Total Chi-square p-
any of the following problems? depression  depression Value
Not Sev- More Near- Age groups
at  eral thanhalf ly <21 150 2 1053 0.3048
all  days thedays every 5, o a7 192
Sy Gender
LRy . 3 Female 151 196 U?  SA74 00193
things?
2. Feeling down, depressed or o 1 2 3 Mee & 1 L
hopeless Semesters
R T ——— a 3 2 3 Initlal 147 178 325 08853 0.3468
asleep, or sleeping too much Ad- &9 69 138
4.Feeling tired or having Mttleenergy 0 1 2 3 vanced
& Poor appetie of ovessating o 1 2 3 *p < 0.05 indicates a significant association with depression.
6. Feeling bad about yourself -orthat 0 1 2 3
you're a fallure or have let yourself or Table 4 Demographic characteristics from the questionnaire
your family down about the hybrid leaming model
7. Trouble concentrating on things, 0 1 2 3 1. Age {median, range) bl
such as reading the newspaper or (17-36)
watching television 2.Gender Frequen-
8. Moving or speaking so slowdy that 0 1 2 3 cy (%)
other people could have noticed. Or, Male 105 (23)
the opposite - being so fidgety or
restless that you have been moving :“"* :‘ o
around a lot more than usual . Semesters TG
9. Thoughtsthatyouwouldbe better 0 1 2 3 3 :;‘w
off dead or hurting yourself in some
way (223)
v 127 (28)
¥ x v 75(16.6)
Table 2 Demographic characteristics from the questionnaire it 20
about the hybrid learning model
X 39(8.6)
1. Age (median, range) 2 - 1@
(17-36)
2. Gender Frequen- L 43093)
cy (%) Rl oyl & o
Male 116 (2%)
Female 247 (75) Ethical approval
3, Semesters Frequen- The approval of the ethics committee of the University of
cy (%) El Salvador was obtained.
] 105 (22)
v 138 30) Questionnaire to determine levels of depression of dental
Vi 82(18) students
vl 25(5) The questionnaire used to determine the levels of depres-
X 3@ sion of dental students was the Patient Health Question-
X 379 naire-9 (PHQ-9). This questionnaire consisted of two
XV 45010 parts: the first included nine questions, and the second
* The resuls are d by frequencies and percentag

Inclusion and exclusion criteria

Inclusion criteria were enrolled students, students of
both genders, and students of any age. The exclusion
criteria were: students dropped out during the period of
application of the questionnaires.

included a single question [13]. The PHQ-9 is a question-
naire that evaluates the presence of depression symptoms
in the last four weeks. The questionnaire classified the
symptoms into 4 degrees of depression, which were:

« « Minimal/no depression (score: 0—4).

« « Mild depression (score: 5-9).

« « Moderate depression (score:10-14).

+ « Severe depression (score: 15-27).
In a recent study, the PHQ-9 showed good sensitiv-
ity (0.88), specificity (0.85), and 95% confidence interval
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Table 5 Questionnaire to evaluate the attitude of students towards the hybrid learning model
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Questions Answers Frequency %  95% con-
fidence
interval

4. | am satisfied with  Strongly agree 29 64  0044-0091

the effectivenessof | agreement ) 199 01630239

fenmning theonling:  gosiil 27 502 0455-0549

O In disagreement 83 184 01490223

Swrongly disagree 23 51 0033-007%

5. The learning ef- Strongly agree 14 31 0017-0082

fectiveness of online  |n agreement 2 49  0031-0073

courses s better Neutral 135 200 0267-0.343

mm“fn"‘* In disagreement 157 347 03030393

i Strongly disagree 124 274 0234-0318

6.1 think that profes-  Strongly agree 18 40  0024-0063

slonal dental lab In agreement s 77 0055-0.107

format courses could g g o7 215 0178-0255

changetoonline | o agreement 156 345 0301-0391

Strongly disagree 146 323 0280-0368

7. Are you worried Strongly agree 144 319 02760364

that covid-19 will In agreement 161 356 0312-0402

create financlal pres- o, 0 114 252 0213-0295

sure fot?ywr school In disag ¢ 28 62  0042-0089

—— Strongly disagree 5 11 0004-0027

8. Are you worried Strongly agree 236 522 0A74-0568

that the pandemic  |n agreement 139 308 0265-0352

will affect your Neutral % 146 0115-0182

emining? In disagreement 8 18 0008-0035

Strongly disagree 3 0.7  0001-0020

9. My institution Strongly agree 48 106 0Q080-0.139

quickly adapted to In agreement 147 325 0282-03%0

hybrid learning: Neutral 191 423 03760460

In disagreement 48 106 0080-0.139
Strongly disagree 29 64 0044-0091

10. My Institution has  Strongly agree 44 97  0072-0129

organized e-eaming  |n agreement 150 332 02880377

appropriately: Neutral 179 396 0350-0442

In disagreement 6 124  0005-0.158
Swrongly disagree 2 51 0033-00%

11. My Institution has  Strongly agree 37 82 00560112

provided students  |n agreement 131 200 0248-0334

with training on Neutral 165 365 0320-0411

::2 ;’:";" In disagreement 93 206 01700246

distance leaming:  STongly disagree 2% 58 0038-0084

12.Fortheonline  Laptop/desktop pc 356 788 0746-0823

classes, | mainly Smartphone 0 199 0163-0239

used the following 7510 5 11 0004-0027

squpment Computers in an institution outside of the University (for example, public libcary, Intermet 1 02 0000-0014

cafe)

13.Fortheonline  Own network 381 843  0805-0874

classes, | mainly Moblle data 68 150 0.119-0187

usedthe following  ppjic access point 1 02  0000-0014

ispee Network in an Institution outside of the University (for example, public libary, Internet cafe) 2 04  0000-0017
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Table 5 Questionnaire to evaluate the attitude of students towards the hybrid learning model
Questions Answers Frequency % 95% con-
fidence
interval
4.1 am satisfied with  Strongly agree 29 64  0044-0001
the effectivenessof  |n agreement 0 199 0163-0239
feaming theohling: o vl 27 502 04S5-0549
DR In disagreement 83 184 0149-0223
Srongly disagree 23 51 0033-007
5. The leamning ef- Strongly agree 14 31 0017-0082
fectiveness of online  |n agreement 2 49  0031-0073
courses s better Neutral 135 209 0257-0343
2“"'“?@" In disagreement 157 347 03030393
Strongly disagree 124 274 02340318
6. | think that profes- Strongly agree 18 40  0024-0063
slonal dental lab In agreement s 77 0055-0.107
format courses could ) o7 215 0178-0255
change.w o In disagreement 156 345  0301-0391
Strongly disagree 146 323 02800368
7. Are you worred Strongly agree 144 319 02760364
that covid-19 will In agreement 161 356 0312-0402
create financlal pres- o ) 14 252 0213-0295
""If“?"’“' whool .\ dagreement 28 62  0042-0089
Strongly disagree 5 1.1 00040027
8. Are you worred Strongly agree 236 522 04740568
thatthe pandemic  |n agreement 139 308 0265-0352
will affect your Neutral 3 1456  0115-0182
S In disagreement 8 18 00080035
Strongly disagree 3 07  0001-0020
9. My institution Strongly agree 48 106 0Q080-0.139
quickly adaptedto  |n agreement 147 325 0282-0370
hybrid learning: Neutral 191 423 0376-0469
In disagreement 48 106 0080-0139
Strongly disagree 29 64  0044-0091
10. My institution has Strongly agree Rl 97  0072-0129
organized e4leaming  |n agreement 150 332 02880377
appropriately: Neutral 179 396 0350-0442
In disagreement 56 124  0095-0.158
Strongly disagree 23 51 0033007
11. My Institution has  Strongly agree 37 82 00590112
provided students  |n agreement 131 200 0248-0334
with training on Neutral 165 365  0320-0411
:;‘m :‘:: "':" In disagreement 93 206 0170-0246
distance leaming:  STOngly disagree 2% S8 00380084
12.Fortheonline  Laptop/deskiop pc 156 788 0746-0823
classes, | mainly Smartphone %0 199 0.163-0239
usedthe following 70 5 11 0004-0027
Sqpm" Computers in an Institution outside of the University (ior example, public libeary, Internet 1 02 0000-0014
cafe)
13.Fortheonline  Own network 381 843 0805-0874
classes, | mainly Mobile data 68 150 0.119-0.187
used thefollowing  pyjhic access point 1 02  0000-0014
nSturostc Network in an institution outside of the University for example, public libeary, internet cafe) 2 04 0000-0017
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Table 5 (continued)

Questions Answers Frequency % 95% con-
fidence
interval

14.The instructions  Strongly agree 39 86  0062-0117

given by most teach- |, agreement 150 332 0288-0377

ers (exammodes,  gyjtral 185 409 0363-0456

task solving, etc) are e eement 54 119 0091-0153

adapted to distance

learning: Strongly disagree 24 53 0035-0079

15. Most teachers Strongly agree 88 195  0.159-0234

are making an effort | agreement 191 423 0376-0469

to facilitate distance g g 125 277 0236-0320

learning: In disagreement 36 80  0057-0.109

Strongly disagree 12 27 0014-0047

16. Generally, the Strongly agree 31 69  0047-0096

teaching materials  |n agreement 164 363 0318-0409

areadequate forthe o i 188 416  0370-0463

technical demands | o vaernent 56 124 0095-0158

of online learning:

Strongly disagree 13 29  0016-0049

17. Teachers have Strongly agree 57 126 0097-0.161

generally organized |, agreement 170 376 0331-0422

and adapted to Neutral 176 389 0344-0436

online learming: In disagreement 38 84  0050-0.114

Strongly disagree 11 24 0012-0044
18.Which of the fol- ~ Online classes in zoom 63 139  0.109-0175

lowing was the most  Online classes in teams 24 53 0035-0079

used methadelogy  opjine classes in google classroom 17 378 0333-0424

to teach? Online classes on the university platform 181 400 0355-0447

Whatsapp groups 2 04  0000-0017
Daily or weekly tasks 11 24 0012-0044

19.1am concerned  Strongly agree 280 61.9 0572-0664

about the lack of In agreement 125 277 0236-0320

practical education: e pra| 44 97  0072-0129

In disagreement 1 02  0000-0014
Strongly disagree 2 04  0000-0017

20.1am afraid that it~ Strongly agree 171 378 0333-0424

will not be possible | agreement 149 330 0286-0375

tomake upforthe e jpral 104 230 0192-0272

lack of practical In disagreement 3 51 0033-0076

education during my )

studies: Strongly disagree 5 1.1 0004-0027

21. | feel safe with Strongly agree 74 164  0.131-0201

the measures In agreement 140 310 0267-0354

adopted by myin- Noytrg| 169 374 0329-0420

oon o con MU In disagreement e 95  0070-0126

laboratory practice: Strongly disagree 26 58  0038-0084

22. | feel confidentin  Strongly agree 47 104 0078-0.136

serving patientsin - |n agreement 95 210 0.174-0251

clinical practices:  Noygral 167 369 0325-0416

In disagreement 90 199 0.163-0239
Strongly disagree 53 11.7  0089-0.151
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Table 5 (continued)

Questions Answers Frequency % 95% con-
fidence
interval

23, The pandemic Strongly agree 74 164 0131-0201

has affected my In agreement 18 261 0221-0304

maniel cetesty,  pgiaral 196 434 0387-0480

:‘::::meh: In disagreement 49 108 0082-0.141

treatments | perform: Strongly disagree 15 33 0019-0055

24.|feel confident  Strongly agree 7 157 0125-0194

caring for patients  |n agreement 123 272 0232-0316

who have recovered o 1ryy 175 387 0342-0433

SRR In disagreement 55 122 0093-01%

Strongly disagree 28 6.2  0042-0089

* The results are reported by frequencies and percentages

(0.82 to 0.88). This study employed the Spanish version of
the PHQ-9 questionnaire. The Spanish version previously
reported a specificity of 88%, a sensitivity of 87%, and an
accuracy of 88% [14]. The cut-off point used to deter-
mine clinically essential levels of depression (moderate to
severe depression) was a value equal to or greater than
10 points [15, 16]. In addition, the questionnaire included
three questions about the primary demographic data of
the participants. Those three questions were about age,
gender, and the year of the degree that the participant is
studying [17] (Table 1).

Questionnaire to evaluate the opinion of students towards
the hybrid learning model

The questionnaire to evaluate the students’ opinions
towards hybrid learning consisted of 24 questions. The
questionnaire was developed based on questions asked
in previous studies that have already been published and
validated [18-20]. The wording of the questions reported
in Table 5 was an English translation from the Spanish
version. The first three questions were about the primary
demographic data of the participants (Table 3). Questions
4-8 were about the effectiveness of online classes and
factors that can affect student performance. The follow-
ing three questions were about the mechanisms applied
by the University to carry out online learning. Questions
12 and 13 were about the students’ tools to access online
classes. Questions 14-17 were about the performance of
professors during online courses. Questions 18 through
24 were about students’ clinical practice during the pan-
demic (Table 4).

Statistical Analyses

The Netquest (GIK group, Niremberg, Germany) online
application was used to obtain the study's sample size.
A population of 463 students, a heterogeneity of 50%,
and a confidence level of 95% were used to calculate the
minimum sample size required. The minimum sample

size was 211 students. The data analysis was carried out
with the software GraphPad Prism version 8.3.1. (Graph
Pad Software Inc, California, USA). To obtain the level of
depression of each student surveyed, we added the score
of each question to get the total points. Finally, the lev-
els of depression were divided into two categories, no
depression (below 10) and depression (10 and above), by
taking a recommended cut-off score of 10 [21] according
to the cut-off point with a score of 10, determined in a
previous study. Likewise, the different semesters reported
by the students were grouped into two categories, begin-
ning semesters (from semesters 2 to 8) and advanced
semesters (from semesters 10 to 14). In both question-
naires, ages were reported as medians and ranges, and
gender and semester studied were reported as frequen-
cies and percentages. The analysis of factors associated
with depression was performed using the Chi-square test.
Cronbach’s alpha was calculated for the 21 questions that
comprise the questionnaire to assess the students’ opin-
ion on the hybrid learning model and the nine questions
of the PHQ-9 questionnaire. The study used Cronbach’s
alpha calculation in RStudio version 2021.09.1+372
“Ghost Orchid” Release (RStudio Team (2021). RStudio:
Integrated Development Environment for R. RStudio,
PBC, Boston, MA URL http://www.rstudio.com/.) and
used the "alpha ()" function from the “psych” package.

Results

Sample Characteristics

The total number of students who answered the men-
tal health survey was 463. 75% of respondents were
women, and 25% were men. The median age of the par-
ticipants was 21 years, with a range of 17 to 36 years of
age (Table 2). The total number of dentistry students who
answered the questionnaire on the effectiveness of the
hybrid learning model was 452. 23% were men, and 77%
were women. The median age of the participants was 21
years, with a range of 17 to 36 years of age (Table 4).
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Depression levels of dentistry students in El Salvador
Cronbach’s alpha value for the PHQ-9 questionnaire
was 0.86, with a 95% confidence interval of 0.76 to 0.92.
According to the methodology of the PHQ-9 question-
naire, surveyed students’ levels of depression were clas-
sified into four groups, shown in Fig. 1. The entire study
population answered the questionnaire (463 students).
43% of the students reported severe depression, 23% of
the students reported moderate depression, and 29% of
the students had medium depression. Finally, only 14% of
the students did not present depression, or it was mini-
mal (Fig. 1). Regarding the association of the variables of
age group (<21,>21), gender, and semester studied (initial
or advanced) with the different levels of depression, only
gender showed a significant association.

Hybrid Learning Model Assessment

Regarding the questionnaire on the attitude and effec-
tiveness of the hybrid model during the pandemic,
Cronbach’s alpha value was 0.74 (acceptable) with a 95%
confidence interval of 0.64-0.82.

Effectiveness of online classes and factors that can affect
student performance (Questions 4-8)

Most students were neutral about the effectiveness of
online learning, followed by disagreement with online
learning (about 60%). Likewise, most students disagreed

200
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o 1004
(&) 64 (14%
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Fig. 1 Results of the frequency and percentage of the different degrees
of depression
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that the clinical practice laboratories could be taken
online (about 67%), and most agreed that the epidemic
would affect their learning and cause economic problems
(about 66%).

Mechanisms applied by the University to carry out online
learning (Questions 9-11)

42% of students considered that the University quickly
adapted to the hybrid model, and the other 42% had a
neutral opinion (question 9). Likewise, approximately
43% of students considered that the University organized
online learning adequately, while the other 40% had a
neutral opinion (question 10). Finally, 37% of the students
considered that the institution provided adequate tools
and training for online learning, while 36.5% had a neu-
tral opinion (question 11).

Students’ devices to access online classes (Questions 12 and
13)

Around 80% of the students had their own laptop/desk-
top pc and internet network.

Professors’ performance during online classes (Questions
14-17)

Approximately 40% of the students agreed that the
instructions given by the professors were well adapted
to distance learning, while the other 60% had a neutral
opinion (question 14). 60% of the students considered
that the professors made an effort to facilitate distance
learning for their students (question 15). Forty-three-
point-2% of the students felt that the teaching materials
during online learning were adequate, and about 40%
had a neutral opinion (question 16). Approximately 40%
of the students consider that the teachers have adapted
to distance learning, while the other 60% had a neutral
opinion (question 17).

Platforms used for online learning (question 18)
The three leading platforms used for online learning were
the university platform, google classroom, and zoom.

Students’ clinical practice during the pandemic (Questions
19-24)

90% of students were concerned about the lack of clini-
cal practice (question 19). 70% of the students considered
that they could not recover the clinical and laboratory
course during the rest of their studies (question 20).
Around 40% of the students feel safe with the measures
taken by the University to continue with clinical practices
and laboratories, while the other 60% had a neutral opin-
ion (question 21). Only 30% of students felt safe when
treating patients, 37% had an impartial idea, and the
remaining 23% did not feel safe (question 22). Approxi-
mately 53% of the students did not consider that they had
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lost manual dexterity during the pandemic (question 23).
Finally, about 42% of the students felt safe when treating
patients who recovered from COVID-19, while approxi-
mately 40% had a neutral opinion (question 24).

Discussion

The study’s objectives were to know the degrees of
depression of dental students during the contingency due
to the COVID-19 pandemic and dental students’ opin-
ions of hybrid learning implemented by the University of
El Salvador Faculty of Dentistry during the COVID-19
pandemic. As far as we know, no studies have been car-
ried out in Latin American countries where the presence
of depression in dental students was investigated and
where the opinion of students regarding the hybrid learn-
ing model was analyzed.

The PHQ-9 was the questionnaire used in this study to
detect levels of depression in dental students [22]. This
questionnaire has been widely used in previous similar
studies [22, 23]. Other widely used questionnaires for the
same purpose are the DASS-21 and HADS questionnaire
[10, 24]. The total number of students who answered the
PHQ-9 questionnaire was 463. Our study has the second
largest sample size, only after the survey by Siddiqui &
Qian (2021), in which the sample size was 655 students.
Likewise, this study has the first place in sample size (463
students) in a Latin American country [25]. The second
place is occupied by the study by Medeiros et al. in Brazil,
with a sample size of 113 students [10].

The median age of the students who answered the two
questionnaires was 21. This data coincides with simi-
lar studies in which a mean age of 21 was reported [10].
However, there are studies where the average age reaches
25 [24]. In this study, the percentage of women and men
was 75% and 25%, respectively. These percentages are
similar to those reported by previous studies. For exam-
ple, in the survey by Medeiros et al,, the authors noted
that of the sample studied, 77% were women and, 23%
were men [10]. In the German study by Mekhemar et
al., the authors reported a percentage of women of 74%
and men of 26% [26]. Two studies conducted in Malaysia
reported 79% women and 21% men [25, 27]. Shailaja et
al. reported 82% of women and 18% of men [28]. On the
other hand, Hakami et al. reported more balanced per-
centages of men and women. The authors reported 55%
women and 45% men [29]. The differences in the aver-
age age and the ratios of men and women between this
study and previous studies are mainly due to the differ-
ent populations studied. The differences in the number of
respondents between the two questionnaires are because
the questionnaires were applied independently.

Before the COVID-19 pandemic, depression in dental
and medical students was approximately 28% in the US
[30, 31]. Previous studies on the prevalence of depression
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during the general population pandemic report range
from 12 to 31% [32, 33]. Deep et al. surveyed the pan-
demic in which they reported a 9% prevalence of depres-
sion in 199 dental students; in this study, the authors used
the PHQ-9 questionnaire [34]. Knipe et al. also used the
PHQ-9 questionnaire during the pandemic to report the
prevalence of depression in dental students. The authors
found a prevalence of depression of 35.4% in 344 dental
students [35).

This study’s prevalence of moderate and severe depres-
sion (>10) was 57%. The increased prevalence of depres-
sion may be due to the COVID-19 pandemic, which
exerts more psychological stress on dental students than
they experience under normal conditions. This percent-
age coincides with similar studies also carried out dur-
ing the covid-19 pandemic. For example, Medeiros et
al. reported with the PHQ-9 a prevalence of depres-
sion of 39.4% in 113 dental students in Brazil during the
COVID-19 pandemic [10]. Chi et al. also registered with
the PHQ-9 a prevalence of depression of 14.4% in 14 US
dental students. However, the author's sample size was
meager, invalidating the results [23]. Kwaik et al. reported
a 70% prevalence of depression in 305 Palestinian dental
students. However, the questionnaire used for screen-
ing for depression was not the PHQ-9; the authors used
the DASS-21 questionnaire, which could explain the
high percentage of depression reported [36]. Hakami et
al. used the DASS-21 questionnaire to register a preva-
lence of depression of 60.7% in 422 Saudi Arabian stu-
dents [29]. Gas et al. used the DASS-21 questionnaire to
report a prevalence of depression of 27.2% in 190 dental
students from Turkey [37). It is crucial to consider that
the studies mentioned above were carried out during
the initial and intermediate stages of the development of
the pandemic. In contrast, our research was carried out
in the final step. This difference in methodology could
explain the considerable variation in the reported per-
centages of depression questionnaires used to detect
depression and the different sample sizes. Finally, our
study found a positive association between the degree of
depression and female gender, coinciding with the report
by Medeiros et al. [10). However, other studies do not
find an association between gender and levels of depres-
sion [25]. In general, this study’s prevalence of depression
in dental students (57%) is higher than that reported in
previous studies in Europe, Asia, and North America.
For example, in a study that analyzed the mental health
of medical science students (including dental students)
in 9 countries, an overall prevalence of depression of 40%
was found. This study included the countries of Mexico,
Colombia, Venezuela, Chile, Brazil, Spain, Germany,
Italy, and Japan [38].

A study in the USA reported a prevalence of depression
of 14.4% [23]. Two studies conducted in India registered
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a prevalence of depression of 53.5% and 20% (22, 28].
Alfadley et al. reported a prevalence of depression of
10.9% [24]. Likewise, two studies in Malaysia reported
depression in dental students at 24% and 33.6% (25, 27].
In addition, some studies report that COVID-19 infec-
tion in relatives of dental students multiplies by three the
probability that they will develop symptoms of depres-
sion [39]. The above analyses were conducted during the
COVID-19 pandemic and in dental students.

Regarding dental students’ attitudes towards the hybrid
learning, questions 4 through 8 assess the effectiveness of
online classes. Most dental students were neutral (50%)
or disagreed (55%) on the efficacy of online learning,
which coincides with similar studies reporting that 45%
of dental students surveyed indicate that online learning
needs to improve to be more effective [19]. In questions
9, 10, and 11 were about the mechanisms applied by the
University to carry out online learning, 40% of the stu-
dents had a neutral opinion, and another 40% agreed that
the faculty had adequately adapted to the hybrid model
and provided the appropriate tools for online learning. In
a study in Jordan, students reported feeling comfortable
(54%) with how the faculty implemented online teach-
ing [20]. So, the hybrid model applied in the faculty of
El Salvador has a degree of acceptance similar to those
used in other parts of the world. Likewise, in this study
(questions 12 and 13), 80% of the students had the neces-
sary tools to take classes online. Access to online courses
is similar to other studies; for example, in a survey con-
ducted in India, 86.1% of students reported accessing
online classes regularly [40]. In questions 14—17 (profes-
sors’ performance during online courses), 40 and 60% of
the students consider that the teachers adapted excel-
lently to online teaching. A similar study affirms this
data in Italy, where dental students indicated that 70%
of teachers had successfully adapted to online instruc-
tion [41]. In this study, the most used platforms to take
classes online were the university platform, google class-
room, and zoom. These data are very similar to a study in
Brazil, where the leading platforms were virtual meetings
(Zoom/Skype), the educational platform Moodle and
the University system [42]. In questions 19-24 (students’
clinical practice during the pandemic), 90% of dental stu-
dents are concerned about the lack of clinical practice.
Several similar studies during the COVID-19 pandemic
are consistent with these findings. For example, Etajuri et
al. report that more than 50% of dental students do not
feel satisfied with the clinical practice received during the
pandemic [43]. Hattar et al. said 87% of dental students
indicated their clinical practices were affected during the
pandemic [20]. Finally, in this study, less than half of the
students reported feeling safe when treating patients or
with the protection measures adopted by the faculty. This
trend has been reported in previous studies [44]. The
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general result of the questionnaire on the hybrid learn-
ing model indicates that the students were not affected
by this learning model, which seems to contradict the
depression levels obtained in this study and the results of
similar studies. For example, a study conducted at a Leba-
nese University reported that online learning is associ-
ated with increased levels of depression in students [45].
A survey of students from public and private universities
in Malaysia reported similar results [46]. The different
results between the studies mentioned above and ours
could be due to other diagnostic methods for depression
and the diverse populations of students and university
courses.

Likewise, each region’s economic, social, and personal-
ity factors can affect the prevalence of depression in stu-
dents [47]. Latin American countries face aspects of their
socioeconomic conditions that can affect mental health—
for example, the lack of food in various areas of difficult
access [48]. Alfayumi-Zeadna et al. reported that some
economic and social factors that increased depression in
Israeli students during the pandemic were: low income,
job loss, region of residence, marital status, whether
they own their home or not, and income level [49]. Yin
et al. reported that medical students with low social sup-
port were more likely to have high levels of depression
[50]. Browning et al. conducted a study in seven states
in the United States where they analyzed the social and
economic factors that affected students’ mental health
during the COVID-19 pandemic. The main factors that
influenced the students’ mental health were: not being
in good health, spending little time outdoors, having low
income, spending much time in front of the computer,
and being a woman. The latter coincides with previous
studies that have reported a higher prevalence of depres-
sion in women due to different factors such as hormones,
interpersonal violence after childhood, body shame and
dissatisfaction [51].

Gebska et al. analyzed the relationship between the
appearance of physical symptoms (Stomatognathic Sys-
tem Disorders) and the stress generated during the
COVID-19 pandemic in physiotherapy students. The
authors found a connection between physical symptoms
and students with type D personality ('distressed per-
sonality’) [52]. Type D personality is a type of personal-
ity with the characteristic of being more susceptible and
generating higher stress levels in complicated situations
such as the COVID-19 pandemic. Due to the above, peo-
ple with this personality type are also more vulnerable to
developing moderate or severe levels of depression [53,
54]. With the presence of psychological disorders such as
depression, not only did the frequency of temporoman-
dibular disorders increase in students but also increased
bruxism associated with depression in dental students
during the pandemic [55]. Shailaja et al. reported that
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cyberchondria (when the excessive search for informa-
tion about a disease on the internet increases the concern
about the said disease) is also associated with high stress,
anxiety, and depression levels in dental students during
the COVID-19 pandemic [28].

Other studies have reported the co-occurrence of psy-
chological disorders and alcohol abuse [56]. For example,
the study by Fernandez et al. reported a relationship
between alcohol abuse and moderate or severe anxiety
levels in dental students in various regions of Brazil dur-
ing the COVID-19 pandemic [57]. In addition, alcohol
abuse by college students during the COVID-19 pan-
demic was associated with increased suicidal behavior
[58-60]. The study by Chang et al. reported that students
from rural areas and non-medical majors had fewer psy-
chological symptoms (most had anxiety) compared with
students from the suburbs and in medical majors (most
had depression) [61]. As reported by Sanabria-Mazo
et al, perhaps one of the main factors influencing the
development of depression in Latin American students is
social inequities (such as income level, employment sta-
tus, education level, ethnic group, area of residence, and
religion) [62]. Likewise, one way to reduce the psycho-
logical impact of COVID-19 on Latin American students
is through self-employment and entrepreneurship, which
helped reduce economic and social inequalities during
the pandemic [63].

One of this study's strengths is that the sample size
was more extensive than most studies in similar popula-
tions. In addition, it was possible to analyze practically
the entire population of interest in this study. Regarding
the limitations, the questionnaires were applied individu-
ally, so we could not determine associations between the
variables. The questionnaires were only used in one Uni-
versity, so it is difficult to extrapolate the results to the
population of dental students throughout the country.

Conclusions

According to the results of this study, 57% of the students
presented moderate or severe levels of depression, which
makes them candidates for receiving psychological atten-
tion. Therefore, this article contributes to a better under-
standing of this problem in this type of population [12].
Regardless of the levels of depression, the opinion of the
students towards the hybrid learning model turns out to

be quite good.
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RESUMEN

Objetivo: Evaluar la inhibicién del crecimiento de la bacteria Enterococcus faecalis (ATCC® 29212™) en presencia de cementos
selladores (CS) uiilizados en fratamienios endodénticos mediante experimentacion in vitro. Materiales y Métodos: Se empled un
disefio metodolégico de tipo experimental basado en ensayos de laboratorio. Se utilizé el método de difusién en agar para analizar
la actividad antibacteriana de tres CS: EndoSequence (BC Sealer), AHPlus (Dentsply De Trey) v Sealapex (Kerr). Se organizaron los
datos y se graficaron los resultados. Resultados: Se obtuvo una mayor inhibicion del crecimiento bacteriano con el cemento AHPlus
(1.50 mm), sequido de EndoSequence (1.10 mm), el CS Sealapex mostré muy poca actividad inhibitoria de E. faecalis (0.2 mm).
Conclusién: La inhibicién del crecimiento de E. faecalis por la presencia de los CS utilizados en endodoncia fue distinta entre s,
existe variabilidad importante en la capacidad antibacteriana de los CS analizados, los hallazgos de este estudio confirman los datos
reportados en ofros estudios, mientras que para algunos cementos fueron contrastantes.

. Palabras clave: Enterococcus faecalis, inhibicién bacteriana, cementos endodénticos.

ABSTRACT

Objective: To evaluate the inhibition of the growth of Enterococcus faecalis bacteria (ATCC® 29212™) in the presence of sealer
cements (CS) used in endodontic treatments by means of in vitro experimentation. Materials and Methods: An experimental meth-
odological design based on laboratory tests was used. The agar diffusion method was used to analyze the antibacterial activity of
three CS: Endosequence (BC Sealer), AHPIlus (Dentsply De Trey) and Sealapex (Kerr). The data were organized and the results were
plotted. Results: The highest inhibition of bacterial growth was obtained with AHPlus cement (1.50 mm), followed by Endosequence
(1.10 mm), the CS Sealapex showed very little inhibitory activity of E. faecalis (0.2 mm). Conclusion: The inhibition of the growth of
E. faecalis by the presence of the CS used in endodontics was different from each other, there is significant variability in the antibac-
terial capacity of the CS analyzed, the findings of this study confirm the data reported in other studies, while for some cements were
contrasting.

Keywords: Enterococcus faecalis, bacterial inhibition, endodontic cements.

INTRODUCCION Las bacterias y sus bioproductos son el princi-
El objetivo primario del tratamiento de conduc- pal factor etiologico en la patologia pulpar y pe-

. . riapical, por lo tanto, la desinfeccion de forma
tos radiculares en endodoncia es preservar la P P

integridad de las estructuras periapicales y, en eficiente del sistema de conductos radiculares

- . . es determinante en el éxito endodontico’2.
caso de no existir, dar los medios propicios para

devolver el estado de salud’.
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El tratamiento de conductos comprende varios
pasos operatorios que juntos forman una ca-
dena tan fuerte como su eslabén mas débil,
esos pasos operatorios son: la conformacion,
que implica dar una forma geomeétrica especi-
fica al sistema de conductos radiculares, la de-
sinfeccion mediante agentes irrigantes bacteri-
cidas y la obturacion, la principal funcion de este
ultimo paso de obturacién es impedir la filtracion
y proliferacion de bacterias mediante el sellado
de los conductos radiculares previamente con-
formados?, este proceso se realiza con mate-
riales que promueven la reparacion apical y evi-
ten propagacion de las bacterias que pudieran
encontrarse en zonas inaccesibles como tubuli-
llos dentinarios, conductos laterales y conduc-
tos accesorios; mediante un sellado estable y
tridimensional que no interfiera con el proceso
de reparacion“.

Se han recomendado un gran nimero de mate-
riales para la obturacién del sistema de conduc-
tos radiculares. La mayoria de las técnicas em-
plean un material sélido como la gutapercha y
un cemento sellador. Independientemente del
material sélido, un cemento es esencial para
cada técnica y ayuda a lograr un sellado efi-
ciente®.

Los cementos selladores son una interfaz entre
el material de obturacion sélido y la pared de
dentina. Los selladores también ocupan espa-
cios e irregularidades en el conducto radicular,
los conductos laterales y accesorios, ademas
de los espacios entre los conos de gutapercha

accesorios utilizados en la técnica de compac-
tacion lateral. Ademas de servir como lubrican-
tes durante el proceso de obturacionb.

De acuerdo con los postulados de Grossman,
definidos por primera vez en 1988, los requisi-
tos ideales de un cemento sellador son: la habi-
lidad para adherirse a la superficie radicular tri-
dimensionalmente, no citotdxico y bien tolerado
por los tejidos periradiculares, buena estabili-
dad dimensional, no reabsorbible, insoluble en
tejidos orales, soluble con disolventes, facil de
manipular, buena radiopacidad, que no pro-
duzca corrosion, proveer un sellado hermético,
no pigmentar la estructura, y ser bacteriostatico
o bactericida’.

La periodontitis apical es producto de la interac-
cion entre los diferentes microorganismos pre-
sentes en las infecciones intraradiculares. Una
de las principales causas de fracaso en endo-
doncia es la presencia de especies bacterianas,
un claro ejemplo de este grupo es Enterococcus
faecalis®, la cual es una bacteria gram positiva,
comensal en el tracto gastrointestinal de los se-
res humanos. Se ha encontrado con frecuencia
en los dientes con fracaso endoddntico en valo-
res de prevalencia que van del 30 al 90%, ade-
mas de tener nueve veces mas probabilidades
de encontrarse en este tipo de casos que en los
casos de infecciones primariasé.

Una caracteristica notable de E. faecalis la
constituye su capacidad para sobrevivir y crecer

en microambientes que pudieran ser inadecua-
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dos para un gran nimero de bacterias, esta ca-
pacidad de resistencia por parte de E. faecalis
en microambientes complejos esta relacionada
con la supervivencia en los sistemas de conduc-
tos radiculares de dientes que han sido someti-
dos a tratamiento endoddntico y en los cuales
los nutrientes son limitados®, éste es el motivo
por el cual esta especie bacteriana es excelente
para observar la capacidad bactericida o bacte-
riostatica de diferentes materiales de uso endo-
dontico.

Los cementos de mas uso en el area de endo-
doncia son los formulados a partir de 6xido de
zinc y eugenol, hidroxido de calcio, selladores a
base de resina y los nuevos selladores biocera-
micos®. A pesar de las afirmaciones de los fabri-
cantes sobre las ventajas de cada clase de se-
lladores y articulos cientificos que los respal-
dan'®-'4 es importante generar mas evidencia
cientifica que demuestre la superioridad de un
cemento sobre otro en cuanto a sus caracteris-
ticas utilidad se refiere, especialmente su capa-
cidad antibacteriana.

Cementos a base de hidréxido de calcio.

Se crearon con la intencién de incorporar las
buenas propiedades bioldgicas del hidréxido de
calcio a los selladores, evitando al mismo
tiempo su rapida reabsorcion en el periapice y
en el interior del conducto. Se sugiere que el
efecto antimicrobiano del hidréxido de calcio se
produce por su capacidad de liberar iones Hi-

droxilo y por tener un pH alto. Lamentablemente

estas acciones no se han demostrado. Se re-
quiere solubilidad para la liberacién de hidroxido
de calcio y que su actividad sea constante, lo
anterior es inconsistente con el propoésito de un

sellador3.15-19,

Cementos selladores a base de resina.

Fueron introducidos en la practica endodéntica
por sus caracteristicas favorables, como la ad-
hesion a la estructura dentaria, largo tiempo de
trabajo, facilidad de manipulaciéon y buen se-
llado?°.

Cementos selladores bioceramicos.
Son biocompatibles, no producen respuesta in-
munoldégica periapical, son estables en ambien-
tes bioldgicos y no sufren contracciéon. Poseen
la capacidad de producir hidroxiapatita durante
su proceso de fraguado, generando un enlace
quimico entre la dentina y el material de obtura-
cion. Son faciles de usar, ya que poseen un ta-
marno de particula menor a 2 um, lo que permite
ser usados en una jeringa pre mezclada, pre-
sentan ademas un pH muy alcalino durante las
primeras 24 horas lo que se traduce a una ele-
vada actividad antimicrobiana?'-23,

Se ha estudiado con anterioridad la actividad
antimicrobiana de cementos selladores frente a
distintas  bacterias!0.11.13.15,19.24

mente frente a E. faecalis?>-?, sin embargo, es

especifica-

importante probar la actividad antimicrobiana de
cementos novedosos empleados en la actuali-

dad y comparar su efectividad.
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El objetivo de este estudio fue evaluar la inhibi-
cion del crecimiento de la bacteria Enterococ-
cus faecalis (ATCC® 29212™) en presencia de
cementos selladores utilizados en tratamientos
endodoénticos mediante experimentacion in vi-
tro.

MATERIALES Y METODOS

Se empleé un disefio metodoldgico de tipo ex-
perimental basado en ensayos de laboratorio.
Se utilizé el método de Difusién en agar (Kirby
Bauer)®*-3, para analizar la actividad antibacte-
riana de tres cementos selladores de diferente
(BC Sealer),
AHPIlus (Dentsply De Trey) y Sealapex (Kerr)

composiciéon: Endosequence

(Cuadro 1). A continuacion, se describen las
principales etapas del trabajo de laboratorio.

Cuadro 1. Caracteristicas de los cementos sellado-
res endoddnticos utilizados en el estudio.

Seala-
Ca- pex
racte- AH Plus Root ”E?::'“
ristica Canal q
Sealer
Pastg A: resina Oxido de
epoxica, tungs- circonio, si-
tato de calcio, licatos de
6xido de circo- calcio, fos-
nio, silice, pig- Hidro- fato d é ak:
Conic mentos de xidode | .0 ono-
. | 6xido de hierro. | calcio + :
Lafonds polimé- basico, hi-
cn | pasta B: ami- | rico sin dmx'ld." g
nas, tungstato | eugenol & gtce'g' -
de calcio, éxido Tebann
de circonio, si- y
lice, aceite de es;;esan-
silicona i
Em- Dentsply De Kerr BC Sealer
presa Trey
Lote 1810000794 | 7081108 | 19001SP

Preparacién del medio de cultivo.

Se empled el medio de cultivo Agar Muller-Hin-
ton (Becton Dickinson®), se preparé con las ins-
trucciones que indica el fabricante; se mantuvo
a temperatura ambiente una hora antes de utili-

zarlo.

Preparacién del in6culo.

Se utilizé el método de suspension directa de
colonias, a partir de una placa de cultivo de 24
horas de la bacteria Enterococcus faecalis
(ATCC® 29212™) se seleccionaron primera-
mente de 4 a 6 colonias y se ajusto6 el indculo a
una turbidez equivalente al 0.5 de la escala de
MacFarland, se utiliz6 vortex durante 15-20 se-
gundos para homogenizar.

Inoculacién de las placas.

Durante los primeros 15 minutos posteriores al
ajuste del inéculo, se introdujo un asa bacterio-
légica dentro de la suspension y se recolectd
una cantidad con la cual se inocularon las pla-
cas de agar previamente preparadas con la téc-
nica de inoculacién en césped, sin dejar nin-
guna zona libre del agar. Se dejaron secar de 3
a 5 minutos para posteriormente depositar los

discos.

Colocacion de los discos con cementos en el
medio de cultivo.

Los discos de papel filtro se impregnaron con
cada cemento, preparados segun las indicacio-
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nes del fabricante, con pinzas estériles se colo-
caron manualmente de 5 a 6 discos equidistan-
tes por placa de agar, presionando ligeramente
la parte superior del disco asegurando que hi-
cieran contacto perfectamente con la superficie
del agar. Posteriormente, las placas se coloca-
ron en incubacién de forma invertida a 37 gra-
dos centigrados, en atmaésfera aerdbica por 24
horas.

Lectura de los resultados.

Se midieron las zonas de completa inhibicion
del crecimiento bacteriano con un vernier o re-
gla, contra una superficie oscura bajo luz refle-
jada sobre el respaldo de la caja de Petri sin re-
mover la tapa. El punto final de inhibicién com-
pleta del crecimiento se estimé a simple vista.
Los tres cementos que se utilizaron para esta
investigacion se encuentran descritos en el cua-
dro 1 donde se indica la composicion, el lote y
la marca de la empresa que los desarrolla.

RESULTADOS

Se emplearon 3 cementos selladores: Endo-
sequence (BC Sealer), AHPlus (Dentsply De
Trey) y Sealapex (Kerr) (Cuadro 1), se replica-
ron ensayos con un total de 20 repeticiones
para cada uno de ellos (n=60), donde se midie-
ron los halos de inhibicién de crecimiento de la
bacteria  Enterococcus faecalis (ATCC®
29212™) la medicién incluy6 el diametro del
disco y el halo de inhibicién que se observd
desde el margen externo del disco que contenia

el cemento, teniendo como punto final de medi-
cion la aparicion de las colonias de bacterias.
El cemento sellador que mostré un halo de inhi-
bicién de crecimiento bacteriano mayor fue AH
Plus (Figura 1), seguido por EndoSequence (Fi-
gura 2), que, aunque tuvo variaciones menores
en los resultados, mostré inhibicién de manera
constante.

Figura 1. Inhibicién de crecimiento de E. faecalis por
parte del cemento sellador AH Plus, se observa una zona
bien delimitada alrededor del disco impregnado con el se-
llador (se resalté en color claro la zona donde no existio
crecimiento bacteriano). D: Disco, H: Halo, B: Unidades
formadoras de colonias de E. faecalis.

_ g . : - o 2 - -h S = "
Figura 2. Inhibicion de crecimiento de E. faecalis por
parte del cemento sellador Endosequence, se observa
una zona libre de bacterias (puntos) alrededor del disco
impregnado con el sellador. D: Disco, H: Halo (flecha), B:
Unidades formadoras de colonias de la bacteria
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El cemento sellador cuya inhibicién del creci-
miento de E. faecalis fue practicamente nula fue
Sealapex, ya que solo en una medicién resultd
tener 1 mm de inhibicién del margen del disco a
la aparicién de las unidades formadoras de co-
lonia de las bacterias, solo en ese caso se con-
sider6 el diametro del disco (7 mm en total),
mientras que en todas las demas mediciones la
inhibiciéon fue practicamente inexistente (1.4
mm en promedio de todas las mediciones) (Fi-
gura 3y 4).

30N & : S NPT
Figura 3. Inhibicion de crecimiento de E. faecalis practi-
camente nulo por parte del cemento sellador Sealapex,
se observan unidades formadoras de colonias (puntos)
alrededor del disco impregnado con sellador. D: Disco. B:
Unidades formadoras de colonias de la bacteria

~
N
n

Medida en mm
~N w - o o

Seabpox EndoSequence At
Cemento sellador

Figura 4. Promedio de las medidas de los halos de inhi-
bicion de crecimiento de E. faecalis que mostraron los ce-
mentos selladores analizados (medidas en mm).

DISCUSION

La mayoria de los fracasos en un tratamiento
endodontico resultan ser por la ineficiencia en el
proceso de desinfecciéon de los conductos, asi
como la complejidad de realizar el proceso, so-
bre todo en los conductos accesorios'®. Cada
vez se realizan mejoras en los protocolos qui-
mico mecanicos para aumentar la efectividad
en la desinfeccién, siendo los cementos una
parte muy importante ya que con el sellado se
busca inhibir el crecimiento de bacterias que
pueden ocasionar fracasos en el tratamiento y
comprometer la salud del paciente®.

En esta investigacion se analiz6, mediante ex-
perimentacion in vitro, la inhibicién del creci-
miento bacteriano ocasionada por cementos uti-
lizados en tratamientos endodénticos, dentro de
los principales hallazgos se demostré que el ce-
mento AHPIlus tiene una buena actividad anti-
bacteriana, no asi en el caso del cemento Sea-
lapex, posiblemente se requieran hacer mas
pruebas con diferentes concentraciones para
poder evaluar la eficiencia en su uso.

Los resultados fueron constantes para los tres
cementos (n=20) en todos los ensayos.
Resultados similares fueron descritos por Pog-
gio y colaboradores (2017), donde el cemento
AHPIus presenté una importante inhibiciéon de
crecimiento bacteriano (1.2mm), en compara-
cion con Sealapex (0.2mm)*. Para el caso del
cemento EndoSequence, Singh y colaborado-
res (2019) resaltaron que la medida promedio
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de la inhibicién fue de 14.4mm'°, significativa-
mente mayor a la mostrada en éste ensayo
donde se obtuvieron medidas menores y el pro-
medio resulté de 7.1 mm, se conserva la capa-
cidad de inhibicion bacteriana pero sugiere con-
tinuar con el analisis de este material en proxi-
mas investigaciones.

Un estudio que contrasta los resultados que se
presentan es el de Barbosa y colaboradores
(2020), ya que, aunque muestra resultados mi-
diendo parametros distintos a los de este estu-
dio (UFC/ml vs inhibicién de UFC en medio s6-
lido), resulté mayor crecimiento de células bac-
terianas en presencia del cemento AHPlus
(9.16 UFC/ml), por su parte, EndoSequence
mostré menos crecimiento bacteriano (8.82
UFC/ml) y Sealapex arrojé el menor namero de
bacterias (8.75 UFC/ml), lo cual indica que la
mayor inhibicién la presenté Sealapex'®, contra-
rio a lo observado en éste estudio.

Los hallazgos de Heredia et al. (2017) muestran
resultados relativamente diferentes, ya que ob-
servaron un halo de inhibicién de 6 mm con el
cemento Sealapex®®, mientras que en los resul-
tados de este estudio fue practicamente nula la
inhibicioén, en este caso es importante hacer no-
tar la naturaleza del cemento, porque aunque
se observo un halo de 6 mm en el cemento a
base de hidréxido de calcio (Sealapex), se si-
gue conservando un efecto inhibitorio mayor en
cementos a base de resina como Topseal (7.7
mm)*¢ o AHplus (7.5 mm en este estudio) lo que

sugiere que la naturaleza y del cemento podria

ser clave para inferir su capacidad inhibitoria, in-
dependientemente de la empresa que lo ela-
bora®,

Los tres cementos que se evaluaron son los
mas utilizados en el medio académico y profe-
sional donde se desarrollé la presente investi-
gacion, siendo ésta una de las razones princi-
pales por las cuales se eligio evaluarlos, sin em-
bargo, existe gran variabilidad de cementos que
se podrian analizar proponiendo nuevas pre-
guntas a responder para investigaciones poste-
riores, adicionalmente, sera importante utilizar
diferentes métodos y otros microorganismos
para observar y evaluar la inhibicién bacteriana
en otros modelos.

El beneficio de contar con el mejor agente anti-
bacteriano para sellar los conductos endodénti-
cos es muy importante en el resultado final del
tratamiento. Medir la inhibicién del crecimiento
bacteriano permite al profesionista elegir la me-
jor opcioén y utilizarla en la practica clinica, tanto
en el medio privado como en los tratamientos
realizados en la comunidad universitaria, favo-
reciendo la disminucion casos de fracaso endo-
déntico por contaminacion.

CONCLUSION

La inhibicién del crecimiento de E. faecalis por
la presencia de los cementos selladores utiliza-
dos en endodoncia fue distinta entre si, demos-
trando que existe variabilidad importante en la
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capacidad antibacteriana de los cementos sella-
dores analizados. Los hallazgos de este estudio
confirman los datos reportados en otros estu-

dios con los cementos AHPlus y Endo-

Sequence, mientras que para Sealapex algunos
de los resultados fueron contrastantes gene-
rando oportunidades de analisis en investiga-
ciones posteriores.
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Universidad Auténoma

de Baja California

FACULTAD DE CIENCIAS DE LA SALUD

"2023, afo de la concienciacion sobre las personas con trastorno del espectro autista"

Tijuana, B.C; marzo 03 de 2023
Oficio No. 168/2023-1

ASUNTO: Respuesta a la Solicitud de Evaluaciéon de Proyecto

DR. IVAN OLIVARES ACOSTA
PROFESOR INVESTIGADOR
PRESENTE

Por medio de la presente le envio un cordial saludo a la vez que me permito
informarle que su proyecto de investigacion titulado “Efectividad de nanoparticulas
de plata y peroxido de Zinc en gel, usados como medicacion intraconducto en
endodoncia” y sometido al Comité de Evaluacién en Investigacion y Posgrado
(CEIP) de la Facultad, registrado con el Folio P-01-2023-1, ha sido dictaminado
como APROBADO, asi mismo se le indica que el comité ha emitido algunas
sugerencias que se enviaran adjunto a éste documento y que se solicita se realicen
antes de iniciar con el protocolo, esperando que los resultados de dicho proyecto
sean en beneficio de la comunidad universitaria y la sociedad en general.

Sin mas por el momento, me despido poniéndome a sus apreciables érdenes.

ATENTAMENTE Universidad Aut6noms
“POR LA REALIZACIONjPLENA DEL SER” ~ %Beja Glifonia

DCS ANA GABRIELA MAGALLANES RODRIGUEZ
PRESIDENTA DEL CEIP

FACULTAD DE
CIENCIAS DE LA SALUD

C.c.p. Mtra. Ofelia Candolfi Arballo, Coordinadora de Investigacion y Posgrado, FACISALUD.
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ESTOMATOLOGIA
UASLP

ACTA DE DEL REGISTRO DE TRABAJO TERMINAL
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Fn la ciudad de San Luis Potosi. S. L. P., el dia primero del mes de
diciembre del atio dos mil’ vemtnmgben acuerdo previo con el estudiante,
con la Directora del Trabajo Te e’rmgf con el Comité Académico del
lprograma se registro en (as oficinas del programa de Doctorado en
Ciencias Oc[onto&)gwas el nombre cﬁ[ e?twﬁgmte Ivdm Olivares Acosta,

el nombre de (a Dlrectora del Trabajo Terminal. [l[M Beatriz Romero
Sanchez vy el ﬁtu[b del Trabajo Termma[ EZQQZ VIDAD DE

ENDODONCL. é’n cump[tmlen@ el artu:u[o 73, 74 vy 75 del
Reglamento GenerJ de .’Estuc[;os é g’osgmdh i{e Ez Universidad
[Autonoma de San Luis Potost. ok k- ?‘F 5\

&3 :

(Para constancia se levanta [a ﬁre&ente"acta que firman el Coordinador
y la Directora del trabajo Terminal del programa. de Doctorado en

Ciencias Odontologicas. " = 5

Patirio Marin
Coovdinadora del programa de
Doctorado en Ciencias Odontoligicas

Dra. Lilian mero Sanchez
Directona del Tralajo Terminal
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