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ABSTRACT: Root canal sealers must be biocompatible with periapical tissues and exhibit adequate 
physicochemical properties. This study aimed to characterize and evaluate the biocompatibility of two 
commercially available bioceramic root canal sealers (NeoSEALER Flo and AH Plus Bioceramic Sealer) 
and one epoxy-amine resin–based sealer (AH Plus). Surface morphology was analyzed by scanning 
electron microscopy (SEM), chemical composition by Fourier Transform Infrared Spectroscopy (FTIR), and 
radiopacity according to ISO 6876 specifications. Biocompatibility was assessed using human gingival 
fibroblasts (hGFs) through WST-1 cell proliferation assay after 24 and 48 h. All sealers demonstrated 
adequate cytocompatibility, with no cytotoxic effects observed. AH Plus showed significantly higher 
cell proliferation at 24 h, while AH Plus Bioceramic exhibited increased proliferation at 48 h. SEM 
analysis revealed distinct surface topographies among materials, with AH Plus presenting a more 
homogeneous surface and bioceramic sealers showing granular and porous structures. FTIR confirmed 
the characteristic chemical composition of each material. All sealers met ISO radiopacity requirements, 
with AH Plus exhibiting the highest radiopacity. All evaluated sealers demonstrated suitable biological 
and physicochemical properties.
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RESUMEN: Los selladores de conductos radiculares deben ser biocompatibles con los tejidos periapicales 
y presentar propiedades fisicoquímicas adecuadas. Este estudio tuvo como objetivo caracterizar y 
evaluar la biocompatibilidad de dos selladores biocerámicos para conductos radiculares disponibles 
comercialmente (NeoSEALER Flo y AH Plus Bioceramic Sealer) y un sellador a base de resina epoxi-
amina (AH Plus). La morfología superficial se analizó mediante microscopía electrónica de barrido (SEM), 
la composición química mediante Espectroscopía de Infrarrojos con Transformada de Fourier (FTIR) y 
la radiopacidad de acuerdo con las especificaciones de la norma ISO 6876. La biocompatibilidad se 
evaluó utilizando fibroblastos gingivales humanos (hGFs) mediante el ensayo de proliferación celular 
WST-1 después de 24 y 48 horas. Todos los selladores demostraron una citocompatibilidad adecuada, 
sin observarse efectos citotóxicos. AH Plus mostró una proliferación celular significativamente mayor 
a las 24 horas, mientras que AH Plus Bioceramic presentó un aumento en la proliferación a las 48 
horas. El análisis mediante SEM reveló topografías superficiales distintas entre los materiales, con AH 
Plus presentando una superficie más homogénea y los selladores biocerámicos mostrando estructuras 
granulares y porosas. El FTIR confirmó la composición química característica de cada material. Todos 
los selladores cumplieron con los requisitos de radiopacidad de la norma ISO, siendo AH Plus el que 
presentó la mayor radiopacidad. En conjunto, todos los selladores evaluados demostraron propiedades 
biológicas y fisicoquímicas adecuadas.

PALABAS CLAVE: Selladores de conductos radiculares; Biocompatibilidad; Fibroblastos gingivales 
humanos; Caracterización.

INTRODUCTION 

The long-term success of root canal therapy 
largely depends on the physicochemical and 
biological properties of the root canal sealer (1). 
An ideal sealer should provide a hermetic seal, 
exhibit adequate radiopacity, dimensional stability, 
low solubility, and antimicrobial properties, and, 
most importantly, be biocompatible with periapical 
tissues (2,3). Although numerous materials have 
been developed, none fulfill all the ideal require-
ments, and most sealers exhibit some degree of 
cytotoxicity, particularly before complete setting 
(4-6).

Root canal sealers have evolved according 
to their chemical composition and may be classi-
fied as zinc oxide–eugenol–based, calcium hydro-
xide–based, resin-based, glass ionomer–based, 
silicone-based, polyester-based, and mineral trioxide 
aggregate (MTA)–based, and more recently, calcium 

silicate–based bioceramic sealers (7,8). Bioce-
ramic materials, composed mainly of tricalcium 
silicate, dicalcium silicate, calcium phosphates, 
zirconia, or tantalum oxide, have gained increasing 
attention due to their bioactivity, ability to release 
calcium ions, induce hydroxyapatite formation, and 
maintain an alkaline pH (9,10).

Despite these advantages, the biological 
behavior of bioceramic sealers remains controver-
sial. It has been reported that bioceramic sealers 
exhibit enhanced cytocompatibility compared with 
epoxy resin–based sealers, indicating variable 
cellular responses depending on the experimental 
conditions, cell type, and evaluation time (11). AH 
Plus, an epoxy-amine resin–based sealer, has long 
been considered a reference material because of 
its favorable sealing ability, dimensional stability, 
and high radiopacity. However, concerns regarding 
the cytotoxic potential of resin components persist 
remain (12,13).
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Given the increasing clinical use of premi-
xed bioceramic sealers and the inconsistent data 
reported in the literature, further investigation of 
their biological and physicochemical behaviors 
in comparison with conventional resin-based 
materials is necessary. Therefore, this study aimed 
to characterize and evaluate the biocompatibility 
of two commercially available bioceramic sealers 
(NeoSEALER Flo and AH Plus Bioceramic Sealer) 
and one epoxy-amine resin–based sealer (AH 
Plus) through surface morphology analysis (SEM), 
chemical characterization, radiopacity assessment 
according to ISO 6876, and cell proliferation 
assays using human gingival fibroblasts (hGFs). It 
was hypothesized that bioceramic sealers would 
exhibit comparable physicochemical properties 
and improved cytocompatibility to those of conven-
tional epoxy resin-based sealers.

MATERIALS AND METHODS

This study was approved by the Institutional 
Ethics Committee (CIE/0204/05/2022). 

 
PREPARATION OF SEALERS

Discs of each sealer evaluated (n=12 per 
group, 5 mm in diameter × 3 mm in height, 0.1 g) 
were prepared by a single operator using a silicone 
preform (Table 1). The sealers were manipu-
lated under sterile conditions according to the 
manufacturer's instructions. Subsequently, they 
were stored 100% humidity and at 37°C for 48 h 
to ensure that the sealers had fully set.  Before the 
biological tests, the discs were sterilized using UV 
irradiation for 15 min.

CELL PROLIFERATION EVALUATION

hGFs (ATCC, PCS-201-018) were used to 
evaluate the biological response of the sealers. 
Cells were used between passages 3 and 6, and 
upon reaching 100% confluence, the cells were 
harvested using classical trypsin (0.025%) and 

EDTA (0.02%) treatment. The pellet was resuspen-
ded in 1 mL Dulbecco’s Modified Eagle’s Medium 
(Sigma-Aldrich, St. Louis, MO, USA), supplemen-
ted with 10% fetal bovine serum (Biosciences, 
Princeton, NJ, USA), 2.5 mM L-glutamine, and an 
antibiotic solution (Streptomycin 100 g/mL and 
Penicillin 100 U/mL, Sigma-Aldrich).

 
WST-1 ASSAY

A direct-contact WST-1 assay was conduc-
ted. The discs were placed in 48-well cell culture 
plates in triplicate, and the cells were seeded at a 
density of 1 x 103 cells in 0.5 mL culture medium 
and stored at 37 °C under a humidified atmos-
phere of 95% air and 5% CO2 until evaluation. At 
the end of 24 and 48 h, 0.02 mL/well of Cell Proli-
feration Reagent WST-1 salt (4-(3-(4-iodophenyl)-
2-(4-nitrophenyl)-2H-5-tetrazolium)-1,3-benzene 
disulfonate) was added to produce a water-soluble 
formazan dye product, and the plates were incuba-
ted for 2 h at 37°C in a humidified atmosphere of 
95% air and 5% CO2. The control group comprised 
cells without discs. The concentration of formazan 
products is directly proportional to the number of 
metabolically active cells. The absorbance was 
quantified by spectrophotometry at 450 nm using 
a ChroMate plate reader. Culture medium with 
WST-1 reagent and without cells was used for 
blank correction (14).

SCANNING ELECTRON MICROSCOPY (SEM)

The surface of the materials was analyzed 
using SEM. The discs were sputter-coated with a 
thin layer of gold–palladium and examined using a 
scanning electron microscope (JEOL JSM-6700F) 
at 100x, 500x and 1000x magnification.

FOURIER TRANSFORM INFRARED SPECTROSCOPY 
(FTIR)

The characteristic bands associated with 
the vibrations of the sealers were analyzed using 
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a Fourier Transform Infrared Spectrometer with 
Attenuated Total Reflectance (FTIR/ATRA; gilent 
Technologies Cary 600) in the wavelength range 
of 4000 to 400 cm-1 at a resolution of 4 cm-1 and 
32 scans per sample.

RADIOPACITY EVALUATION

Following the specifications of ISO 6876, 
the density was compared with the radiopacity 
gauge consisting of a 50 mm long and 20 mm 
wide aluminum stepped wedge, with a thickness 
of 0.5-9.0 mm with equally placed 0.5 mm steps.

STATISTICAL ANALYSIS

A two-way ANOVA, with a Tukey post hoc 
test, was performed for comparisons between 
groups using GraphPad Prism 8.0, with p<0.05 
indicating a significant difference.

RESULTS

CELL PROLIFERATION

At 24 h, the AH-Plus sealer exhibited statis-
tical significantly greater cell proliferation, followed 
by the AH-Plus Bio and Neo-SF sealers, with the 
AH-Plus sealer generating the highest prolifera-
tion compared with the control group. At 48 h of 
incubation, AH-Plus Bio generated the most prolife-
ration, which was statistically significant compared 
to that at 24 h. AH-Plus and Neo-SF sealers also 
increased cell proliferation compared to the 24 
h evaluation and the control group, although this 
increase was not statistically significant (Figure 1). 

SCANNING ELECTRON MICROSCOPY  

The AH-plus Bio sealer (Figure 2.A-C) 
showed a heterogeneous and irregular surface 
with granular structures and crystalline deposits 
distributed unevenly. The texture was rough, with 

micro-reliefs and areas that appeared as aggre-
gates. At higher magnifications (Figure 2.C), 
crystal-like structures and precipitates were 
observed. The AH-plus sealer (Figure 2.D-F) 
presented a more homogeneous and relatively 
smooth surface than the other two sealers. At 
higher magnifications (Figure 2.E-F), micro-
cracks or superficial lines were observed, with 
fewer particles or crystals present. The Neo-SF 
sealer (Figure 2.G-I) exhibited a more granular and 
porous surface with abundant spherical or irregu-
lar particles. At higher magnifications (Figure 
2.H-I), well-defined crystalline aggregates with 
microporosity were observed. 

FOURIER TRANSFORM INFRARED SPECTROSCOPY 

The spectra of the three sealers (Figure 3) 
showed that in the AH-Plus sample, the vibration of 
the OH group appeared in the range of 3500-3200 
cm-1, while the vibration associated with the N-H 
group was observed in the range of 3075-3030 
cm-1. The vibration at 1450 cm-1 is attributed to 
the bending of N-H groups, and at 1253 cm-1, it is 
associated with C-N. The vibration at 1180 cm-1 is 
attributed to Si-C due to the presence of silicone 
oil in the sealer, and the vibration related to the 
Si-O interaction is found at 818 cm-1 (15,16). In 
the spectrum of the AH-Plus Bio sample, peaks 
were detected at 3500-3100 cm-1 and 1730-1560 
cm-1, which can be associated with water absorp-
tion. The peak concentrated at 1500-1400 cm-1 

was associated with the presence of carbona-
tes (CO

3
2-), and the peaks found in the range of 

1000-970 cm-1 are associated with the formation 
of calcium silicates (15,17). 

For the Neo-SF sample, a peak was detec-
ted in the range of 3600-3000 cm-1, which 
can be associated with the vibration of the OH 
group. The vibrational mode associated with the 
methylene group (CH

2
) was also found in the range 

of 2850-2700 cm-1. The Al-O-Al vibrational mode 
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(1080 cm-1 and 500 cm-1), associated with the 
presence of tricalcium aluminate and tantalate, 
the main components in the commercial product, 
was detected (18,19). 

RADIOPACITY TEST

Radiopacity tests of endodontic cements 
evaluate the ability of the material to block X-rays, 
ensuring that the sealing of the canal is visible 
against the dentin. Following the specifications of 
ISO 6876, the analysis was performed using an 

aluminum step wedge (Figure 4.D), which consis-
ted of a 50 mm long and 20 mm wide stepped 
wedge, and with radiation of 65 kV (20).

The radiograph showed that the three 
cements; AH-Plus (Figure 4.A), AH-Plus Bio 
(Figure 4.B), and Neo-SF (Figure 4.C) exceeded 
the minimum values specified by the standard, 
which is a maximum of 1 mm of aluminum. 
AH-Plus exhibited the highest radiopacity, followed 
by AH-Plus Bio, and finally Neo-SF, which exhibited 
the lowest radiopacity. 

Table 1. Description of sealers used and compositions.

Product name Manufacturer Formulation Composition 

NeoSEALER Flo 
(Neo-SF)

Avalon Nusmile, 
USA

Premixed, paste 
ready to use

Tantalum oxide (<50%), tricalsium silicate (<25%), calcium aluminate 
(<25%), dicalcium silicate (<10%), tricalsium aluminate (<5%), calcium 
sulfate (<1%), polyethylene glycol (PEG), Calcium aluminum oxide (<5%)

AH Plus Bioce-
ramic Sealer (AH 
Plus Bio)

Dentsply, 
Germany 

Premixed, paste 
ready to use

Tricalcium silicate (5-15%), lithium carbonate (<0.5%), zirconium dioxide 
(50-75%), dimethyl sulfoxide (10-30%), thickening agents (<6%). 

AH Plus Dentsply, 
Germany

Paste–paste Paste A: Diepoxide, calcium tungstate, zirconium oxide, aerosol, pigment 
(iron oxide) Paste B: 1-Adamantane amine, N,N´-dibenzyl-5-oxa-
nonandiamine-1,9, TCD-diamine, calcium tungstate, zirconium oxide, 
aerosol, silicon oil

Figure 1. Cell proliferation after 24 and 48 h of incubation of hGFs in the endodontic sealers p<0.05 (*).
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Figure 2. Scanning electron micrographs of the root canal sealers at 100×, 500×, and 1000× magnifications. AH-Plus Bio (A, B, C), 
AH-Plus (D, E, F), and Neo-SF (G, H, I) groups.

Figure 3. FTIR analysis of the root canal sealers.
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Figure 4. AH-Plus (A), AH-Plus Bio (B), Neo-SF (C), aluminum step wedge (D).

DISCUSSION 

The chemical composition and concentra-
tion of components in endodontic sealers largely 
determine their biological and physicochemical 
properties (21). Biocompatibility may vary depen-
ding on the cell line used and incubation time 
(22,23). In the present study, none of the evalua-
ted sealers (AH-Plus, AH-Plus Bio, and Neo-SF) 
showed cytotoxic effects on hGFs at 24 and 48 
h; in contrast, cell proliferation was observed, 
suggesting appropriate cytocompatibility in their 
working state. 

SEM analysis revealed clear differences 
in the surface topography of the materials: the 
AH-Plus Bio sealer displayed a heterogeneous and 
rough surface with crystalline structures and preci-
pitates. AH-Plus showed a more homogeneous and 
smooth surface with some microcracks, probably 

associated with polymerization shrinkage (16), or 
internal stresses during setting (24), which could 
influence the long-term stability of the material, 
potentially facilitating fluid penetration or localized 
degradation processes, which in turn contributes 
to the release of residual monomers or degrada-
tion byproducts over time, factors that are relevant 
to biocompatibility (25). Whereas Neo-SF exhibited 
a markedly granular surface with abundant parti-
cles and microporosities. These microstructural 
differences help to explain the observed biologi-
cal results (15). The smoother and more compact 
surface of AH-Plus may contribute to its structural 
stability and lower initial release of reactive bypro-
ducts, which may account for the higher cell proli-
feration observed at 24 h (26). 

Although previous studies have reported 
cytotoxicity associated with resin components, 
especially in the fresh state (27), research such as 
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that by Bryan et al. demonstrated that root canal 
sealers AH Plus and Pulp Canal Sealer, based on 
zinc oxide-eugenol (SybronEndo), were cytotoxic in 
24 hours with the MC3T3-E1 osteogenic cell line. 
However, after one week, AH Plus did not show 
cytotoxicity (28). Sebastian et al. concluded that 
NeoSEALER Flo presented the highest cell viability 
against human gingival fibroblasts, significantly 
higher than AH Plus Sealer, which could be attribu-
ted to its osteoconductive behavior and high alkali-
nity (29). Sanz et al. noted that AH Plus Bioceramic 
Sealer exhibited a significantly higher cytocompa-
tibility and bioactive potential than AH Plus Sealer 
on human periodontal ligament stem cells, eviden-
ced by their significant decrease in cell viability 
and proliferation and aberrant morphology and 
attachment (26). 

These findings highlight the variability repor-
ted in the literature and suggest that differences 
between previous studies and the present results 
may be explained by variations in the experimental 
conditions. In particular, several reports describing 
higher cytotoxicity of AH Plus evaluated the material 
in its fresh or partially set state (13), where the 
release of unreacted components is more pronou-
nced. In contrast, in the present study, all sealers 
were allowed to fully set prior to biological testing, 
which may account for the absence of cytotoxic 
effects and the observed cell proliferation at 24 
and 48 h. Additionally, differences in experimental 
models, including direct contact versus extract-
based assays, as well as the type of cells used, are 
known to influence cytocompatibility outcomes.

These results are consistent with those 
of previous studies. Saygill et al., observer that 
were more apoptotic cells in the MTA Fillapex and 
AH-Plus groups than in the other groups at 3 h, 
and GuttaFlow sealers was less cytotoxic L929 
fibroblasts (30). Rodríguez-Lozano et al. AH Plus 
Sealer and MTA Fillapex induced significantly lower 
levels of cell viability than GuttaFlow Bioseal and 
GuttaFlow2 after 72 h of culture on human perio-

dontal ligament stem cells (31). In contrast, de 
Almeida-Junior et al. showed that AH Plus Sealer 
was not cytotoxic to pre-osteoblast mouse cells 
within 48 h (4). The possible advantages offered 
by bioceramic sealants are due to their ability to 
induce hydroxyapatite formation and maintain a 
prolonged alkaline pH compared to epoxy-based 
sealers, such as AH Plus Sealer (32). Furthermore, 
previous studies have reported higher cell viabi-
lity at 48 h, this is related to calcium ions and 
maintenance of an alkaline pH, favoring cellu-
lar metabolic activity (33). Neo-SF, with greater 
porosity and abundant bioactive particles, could 
facilitate ionic release (29). Previous studies have 
attributed high cell viability to this material, possi-
bly because of its alkalinity and osteoconductive 
capacity. However, the larger reactive surface area 
could also be associated with greater initial solubi-
lity, which might explain why its proliferation was 
not significantly higher than that of AH-Plus in the 
first 24 h (19).

FTIR analysis confirmed the chemical nature 
of each material. AH Plus showed characteristic 
bands of epoxy groups and amines; AH-Plus Bio 
presented signals associated with calcium silica-
tes and carbonates; and Neo-SF showed vibrations 
corresponding to aluminates and tantalite (15-18). 
The presence of calcium silicates in bioceramic 
sealers supports the bioactivity results, favoring 
interaction with periapical tissues (34).

SEM revealed a smoother and more 
homogeneous surface for AH Plus and a more 
irregular granular morphology for the bioceramic 
materials, the higher early proliferation observed 
for AH Plus at 24 h may be attributed to its more 
uniform surface characteristics (31). This observa-
tion is supported by the FTIR analysis, which confir-
med the presence of epoxy and amine functional 
groups in AH Plus, indicative of its resin-based 
matrix and relatively stable chemical structure after 
setting (15). In contrast, the FTIR spectra of AH 
Plus Bioceramic showed bands associated with 
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calcium silicate phases and carbonate groups, 
which are commonly related to hydration reactions 
and potential bioactive behavior (21,34). Although 
no specific mechanistic studies or calcium-ion 
release assays were performed in this study, 
the increased proliferation observed for AH Plus 
Bioceramic at 48 h may be interpreted in light 
of previous studies, which reported that calcium 
silicate-based sealers are capable of releasing 
calcium ions and generating an alkaline environ-
ment (35,36). These factors are associated with 
enhanced cellular responses, including improved 
cell viability and proliferation (37). Therefore, the 
present findings are consistent with the previously 
reported biological behavior of bioceramic sealers. 

Radiopacity is a physical property that allows 
the material to be visible on dental X-rays and to 
verify the accuracy of material placement and the 
quality of the seal in the root canal (33). According 
to ISO 6876, endodontic sealers must have radio-
pacity greater than 3.0 mm relative to an alumi-
num scale (20). All three materials met the radio-
pacity requirements of the standard, with AH-Plus 
showing the highest values, which may be attri-
buted to the presence of calcium tungstate and 
zirconium oxide, which are compounds with high 
atomic numbers (38). Although Neo-SF contains 
tantalite (which also has a high atomic number), 
its proportion in the matrix may influence the final 
radiopacity. AH Plus is an epoxy resin-based sealer 
commonly used because of its resistance to disso-
lution, long sealing duration, high radiopacity, and 
self-adhesive properties (38,39). AH Plus conta-
ins calcium tungstate and zirconium oxide. Vallejo 
et al. evaluated the radiopacity of five endodon-
tic obturation cements using digital radiography; 
AH Plus Sealer proved to be the most radiopaque, 
followed in decreasing order by Endomethasone N, 
Top Seal, AD Seal, and Sealapex (40,41). AH Plus 
Bioceramic has a faster setting time, lower solubi-
lity, lower film thickness, and higher radiopacity 
than other materials. Adequate radiopacity is clini-
cally relevant because it allows for the verification 

of correct root canal obturation and detection of 
possible overfills (42).

From a clinical perspective, radiopacity is 
important for the radiographic interpretation of root 
canal filling (43). Although all materials evalua-
ted in this study met the minimum requirements 
established by ISO 6876, differences in radiopacity 
may influence diagnostic accuracy (20). Materials 
with higher radiopacity, such as AH Plus, provide 
enhanced contrast against the surrounding dentin, 
facilitating the identification of the extent and 
quality of obturation (44). However, excessively 
radiopaque materials may obscure fine anatomical 
details, including accessory canals, minor voids, or 
subtle periapical changes, due to increased radio-
graphic density and contrast saturation (45). 

Sealers with comparatively lower radio-
pacity, such as NeoSEALER Flo, may reduce the 
detectability of small defects, voids, or marginal 
discrepancies (46), particularly in complex anato-
mical regions or under suboptimal imaging condi-
tions. Therefore, optimal radiopacity should not 
only meet standardized thresholds but also provide 
a balance that allows both clear visualization of 
the filling material and adequate assessment of 
the surrounding anatomical structures (43,46).

The results obtained coincide with those 
of studies that report good cytocompatibility of 
bioceramic sealers, attributing this to hydroxya-
patite formation, and sustained alkaline pH (15). 
However, the literature shows variable results 
depending on the experimental model, state of the 
material (fresh vs. set), and type of cell evaluated. 
This explains the discrepancies between studies 
that report greater cytotoxicity of resin-based 
sealers compared to bioceramic ones (23,26,27).

Despite the promising findings, this study 
presents some limitations. The evaluation period 
was limited to 24 and 48 h, which does not reflect 
the long-term biological behavior of the materials 
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or their potential effects after prolonged exposure. 
I addition, only one cell type, hGFs, was used to 
assess cytocompatibility. Although relevant, this 
model does not fully represent the complexity of 
periapical tissues, and additional studies using 
other cell types, such as osteoblasts or perio-
dontal ligament stem cells, would provide a more 
comprehensive biological evaluation. Finally, the 
use of disc-based specimens under in vitro condi-
tions does not fully replicate the clinical environ-
ment of root canal obturation, where factors such 
as confined spaces, fluid dynamics, and interac-
tions with dentin may influence material behavior. 

From a clinical perspective, AH-Plus offers 
structural stability and high radiopacity, AH-Plus 
Bio combines bioactivity with adequate cytocom-
patibility, and Neo-SF presents bioactive potential 
associated with its porous microstructure.

CONCLUSIONS 

AH Plus, AH Plus Bioceramic Sealer, and 
NeoSEALER Flo exhibited adequate cytocompati-
bility with human gingival fibroblasts after setting. 
Although differences in surface morphology and 
chemical composition were observed among the 
materials, all sealers supported cell proliferation 
and complied with the ISO 6876 radiopacity requi-
rements. AH Plus showed higher early proliferation 
at 24 h, whereas AH Plus Bioceramic exhibited 
increased proliferation at 48 h, suggesting a time-
dependent response. Despite their distinct physi-

cochemical characteristics, all evaluated sealers 
demonstrated suitable biological and physicoche-
mical properties, supporting their potential for clini-
cal application in endodontics. However, further in 
vivo studies are required to confirm these findings 
under more clinically relevant conditions. However, 
further in vivo studies are required to confirm these 
findings under more clinically relevant conditions.

LIST OF ABBREVIATIONS: SEM: scanning electron 
microscopy. FTIR: Fourier transform infrared 
spectroscopy. hGFs: human gingival fibroblasts. 
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