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Introduction

Aim: The aim of the present study was to compare the in vitro biological behavior and marginal adaptability of MTA, Biodentine and 
glass-ionomer cement as retrograde filling materials. 
Methodology: The biocompatibility test was made on fibroblast cells regarding cell viability. The cells were exposed to the extracts 
of the materials of 1, 5 and 7 days to measure cell viability using MTT assay. Regarding marginal adaptability twenty-four single-
rooted teeth were resected 3 mm from the apex. Root-end cavities were then prepared using a fissure bur and filled with one of the 
following materials Glass ionomer cement (GIC), Mineral trioxide aggregate (MTA) and a bioactive cement Biodentine. The roots 
were then sectioned longitudinally. Scanning electron microscope (SEM) was used to determine area of gaps and adaptation of the 
root-end filling materials with the dentin. 
Results: Results showed that Biodentine and MTA maintained favorable cell viability compared with GIC over the three observation 
points, also Biodentine and MTA exhibited the lowest marginal gaps than GIC that showed the least adaptation with largest marginal 
gaps. 
Conclusion: MTA and Biodentine display good cytocompatibility with normal fibroblast cells, both did not significantly affect cell 
proliferation and can be classified as biocompatible retrograde filing materials, While GIC significantly affect fibroblast proliferation 
and should be used with caution.

   Concerning marginal adaptability, MTA and Biodentine showed less micro-gaps with the dentinal walls compared with GIC and they 
can be used successfully as retrograde filling materials.

The presence of endodontic microbiota and biofilms in inacces-
sible areas cause failure in endodontic treatment [1]. When non-
surgical root canal treatment fails to treat periradicular lesions of 
endodontic origin, surgical endodontic treatment is preferred [2]. 
The significant factor in the success of surgical endodontic treat-
ment is to achieve a decent seal between the tooth and root-end 
filling material.

Several root-end filling materials have been introduced such 
as amalgam, Cavit, composite resins, gutta-percha, intermediate 
restorative material (IRM), zinc oxide and eugenol cement, super 
ethoxy benzoic acid (EBA), mineral trioxide aggregate (MTA), bio-
dentine (BD), and EndoSequence [3]. Marginal adaptation of retro-
grade materials is very important for endodontic surgery success. 
This property will determine whether the material is suitable for 
clinical use or not [4]. Marginal adaptation mirrors the sealing abil-
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ity of a root-end filling material; in this manner, it has been con-
sidered as an important property [5]. The viability of periradicular 
cells may be compromised because of the cytotoxicity of materials 
utilized during the methods of repair of perforations and retro-
grade filling. These materials may cause apoptosis or necrosis of 
the cells and so need to be biologically inert [6].

MTA shows great cytocompatibility results; however, its han-
dling and setting time are not ideal. Recently, new materials have 
been introduced to overcome the downsides of MTA(6).

Biodentine (BD) is calcium silicate cement with dentin-like 
properties, which has been recommended as an option in contrast 
to MTA. A pervious study found that the measures of calcium ions 
delivered from BD is greater than that delivered from MTA with 
comparable effect in the clinical setting and induced the same re-
sponse of the pulp-dentin complex in human teeth [6]. 

So the purpose of this study was to compare the biocompatibil-
ity and marginal adaptability of MTA CEM, Biodentine and glass-
ionomer cement as retrograde filling materials. 

Materials and Methods

Biodentine (BD)  
(Septodont, Saint  
Maur Des Fosses  

France)

An inorganic, non-metallic compound in-
troduced in capsulated powder and liquid 

structure. The powder phase consists of trical-
cium silicate (main core material), dicalcium 

silicate, calcium carbonate, calcium oxide, iron 
dioxide and zirconium dioxide (acts as radio-
opacifier).The liquid phase combines calcium 
chloride, water and a water reducing agent. 
The setting time of Biodentine is 12 mins.

MTA CEM™  
(Nexobio, Korea )

A powder of fine, hydrophilic particles that set 
in combination with water. Hydration of the 

powder creates a colloidal gel that sets to form 
a solid impermeable barrier and shows quick 

setting time.
Medifil glass 

ionomer cement 
(Promedica,  
Neumünster,  

Germany)

A glass ionomer filling cement contains fluro-
silicate glass, polyacrylic acid and parbenes. 
It is characterized by having excellent bio-

compatibility, low acidity, no temperature rise 
during setting, self-adhesion to dentine and 

enamel, high compressive strength and excel-
lent radiopacity. It has a setting time of 6 mins.

Adseal (Meta  
Biomed,  

Cheongju,  
South Korea)

Resin based root canal sealer composed of: 
Base (Epoxy resin, Calcium phosphate) and 
catalyst (Amines, Bismuth subcarbonate).It 

has working time of 35 mins. And sets after 45 
mins. At 37°C.

Table 1: Materials used in this study.

Biocompatibility test

Description of samples

Normal fibroblasts cell line “BHK” (ATCC, Manassas, USA) was 
obtained from the American Type Culture Collection, and main-
tained at the Egyptian National cancer Institute, Cairo, Egypt.

Determination of cellular proliferation using MTT tetrazolium 
assay

Principle

Cytotoxicity of the materials was determined using the MTT [(3-
(4, 5-dimethylthiazole-2-yl)-2, 5- diphenyltetrazolium bromide)]. 
The method depends on the capacity of dynamic mitochondrial 
dehydrogenase enzyme of the living cells to split the tetrazolium 
rings of the yellow MTT and make them dim blue insoluble forma-
zan crystals which cannot pass the cell membranes, resulting in 
its accumulation within healthy cells. The number of viable cells 
is directly proportional to the strength of soluble Formosan dark 
blue color(7)

.

Manipulation of materials and specimens preparation

Specimens were manufactured in sterile conditions to avoid dis-
infecting them before cell-culture testing. Each material was pre-
pared according to manufacturer’s instructions. Material’s heavy 
consistency after mixing enabled its manipulation, it was carried 
with a small spatula from the capsule into the Teflon mould (Figure 
1) with dimensions of 2×4 mm which was placed on sterile glass 
slab, and permitted to set at room temperature prior to testing.

Figure 1: Teflon mold.
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Material discs were then removed from Teflon molds and tested 
for cytotoxicity in indirect contact, by preparing an extract of the 
material through immersion in extraction media, and then ob-
tained extracts were transferred into cultured cells and incubated 
at 37°C for 1 day, 5 days and 7 days. 

Normal fibroblasts cell line ″BHK″ was obtained frozen in liquid 
nitrogen from the American Type Culture Collection, then main-
tained by serial sub-culturing in National Cancer Institute. Cells 
obtained were seeded in 24-well microtiter plates (Figure 2) at a 
concentration of 5×103 BHK cells/ well in a 150 µl fresh medium. It 
was incubated for 24 hrs. in a high humidity atmosphere in the wa-
ter jacketed incubator (Revco, GS laboratory equipment, RCO 3000 
TVBB, USA.). 

Figure 2: Microtiter plates containing BHK cell lines  
with the extraction media.

Extracts of each material were prepared as follows: 600 μl of 
culture medium was placed in each well containing the freshly-
mixed materials (ratio of surface area exposed to volume of extract 
vehicle = 190 mm2/600 μl = 316 mm2/ml). Extraction media of 
the materials were collected at three observation points corre-
sponding to the following assigned durations of extraction: 1 day 
(after the first 1 day of extraction), 5 days (starting after 1 day up 
to 5days) and 7 days (starting after 5days up to 7 days). Untreated 
controls, were cells cultured with media free of the materials’ com-
ponents.

After incubation for 4 hrs 100 µl of 10% SDS in 0.01 NaHCL was 
added to each well. The solution was allowed to solubilize over-

night in 100% humidity. The photometric determination of the ab-
sorbance was achieved at 570 nm using micro plate ELISA reader 
(TECAN (Austria Gmbh). Data were compared with the control 
group.

Calculation

The percentage of cell survival was calculated as follows: 

Survival fraction = optical density (O.D) (treated cells)/O.D 
(control cells).

Determination of marginal adaptability using SEM 

Sample selection

Twenty-four freshly extracted human single canalled teeth were 
collected from patients of the dental clinic of the National Diabetes 
and Endocrinology institute, Cairo – Egypt. Teeth were free from 
root caries, root fractures or root resorption and excluded if radio-
graphs revealed multiple root canals or severe root-end curvature. 

Sample preparation

Teeth were decoronated at the level of cemento-enamel junc-
tion into a standardized length of 15 mm and the canals were ne-
gotiated with K-file size 10 (Mani Inc., Tochigi, Japan) to provide 
patency and then the working length was adjusted at 1mm shorter 
after the first inspection of the file at the apex.

Mechanical preparation was made with Protaper Universal 
files (Dentsply, Tulsa Dental, Tulsa, OK, USA) with a speed of 350 
rpm and torque 2 Ncm using X-Smart Plus endo motor (Dentsply 
Maillefer, Ballaigues, Switzerland). Apical preparation was done 
up to size 30 (F3) in accordance to the type of the tooth and irri-
gated with 2.5% sodium hypochlorite between each instrumenta-
tion cycle and the next, using a syringe and a side-vented 30 gauge 
needles that positioned at 1 mm shorter from the adjusted working 
length. The final rinse was performed with 2 ml of 17% ethylene-
diaminetetraacetic acid (EDTA) for two minutes then flushed with 
2.5% NaOCl to remove the smear layer and dentine mud. Teeth 
were irrigated with saline and cold lateral condensation obtura-
tion technique was conducted using Adseal root canal sealer (Meta 
Biomed, Cheongju, South Korea). After obturation, the teeth were 
left in humid environment for 2 days to avoid fracture during the 
cutting procedures.
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A 3-mm portion of the root-end of each tooth was removed 
perpendicular to the long axis using a diamond bur (Dentsply/
Maillefer, Tulsa, Okla.) under water coolant. Retro-cavities, with 1 
mm width and 3 mm depth, were prepared with a fissure bur in a 
high-speed handpiece.

The cavities were retrofilled with the mixed materials using a 
carrier (Premier Dental, King of Prussia, PA, USA) and condensed 
with a plugger (Dentsply Maillefer, Ballaigues, Switzerland). 

The teeth were kept in a humid condition at room temperature 
for one day to permit total setting of the materials then by the use of 
a low-speed grinding disc (Labcut Agar Scientific, Cambridge, UK), 
the retrofilled roots were cut longitudinally into two equal halves. 
Each half was assessed under SEM (S360, Oxford Co., Cambridge, 
UK) at a ×1000 magnification. To assess the marginal adaptation 
between the filling materials and dentine walls, the maximum 
value of width and length of gaps in each half was identified and 
recorded separately. Finally, the mean overall gap was calculated 
for each group separately by taking the mean of their combined 
(additive) mean length and mean width.

Results
Biocompatibility test 

Viability at 1 day

Between the three groups

In group A (Biodentine), the mean and standard deviation val-
ues of viability were (163.04% ± 13.83%), while in group B (MTA) 
they were (84.93% ± 7.57%) and in group C (GIC) they were 
(40.09% ± 4.32%). There was a statistically significant difference 
between the three groups (p < 0.001) (Table 2).

Viability at 5 days

Between the three groups

In group A (Biodentine), the mean and standard deviation val-
ues of viability were (105.45% ± 9.81%), while in group B (MTA) 
they were (99.29% ± 11.8%) and in group C (GIC) they were 
(53.46% ± 9.15%). There was a statistically significant difference 
between the three groups (p < 0.001) (Table 3).

Group A Group B Group C P-Value
Mean 163.04 84.93 40.09

SD 13.83 7.57 4.32 <0.001*

Table 2: Means, standard deviations (SD) and the results of 
ANOVA test for comparison of viability between the three groups.

Group A Group B Group C P-Value

Mean 105.45 99.29 53.46
SD 9.81 11.80 9.15 <0.001*

Table 3: Means, standard deviations (SD) and the results of 
ANOVA test for comparison of viability between the three groups. 

Viability at 7 days

Between the three groups

In group A (Biodentine), the mean and standard deviation val-
ues of viability were (89.74% ± 15.3%), while in group B (MTA) 
they were (110.58% ± 14.81%) and in group C (GIC)they were 
(52.99% ± 6.01%). There was a statistically significant difference 
between the three groups (p < 0.001) (Table 4).

Group A Group B Group C P-Value

Mean 89.74 110.58 52.99

SD 15.30 14.81 6.01 <0.001*

Table 4: Means, standard deviations (SD) and the results of 
ANOVA test for comparison of viability between the three groups.

Cell viability of the materials at the three-different observa-
tion points

Figure 3: Column chart showing the cell viability ratio of the 
materials at the Three observation points.
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Group A Group B Group C P-Value
1 Day 163.04 84.93 40.09 <0.001*

5 Days 105.45 99.29 53.46 <0.001*
7 Days 89.74 110.58 52.99 <0.001*

Table 5: Table showing mean viability comparison between 
 the three groups after 1, 5 and 7 days.

Marginal adaptability test

Between the three groups

In group A (Biodentine), the mean and standard deviation val-
ues of marginal gap were (7.68 ± 1.8) μm, while in group B (MTA) 
they were (8.04 ± 1.27) μm and in group C (GIC) they were (16.08 ± 
1.66%) μm. There was a statistically significant difference between 
the three groups (p < 0.001) (Table 6).

Group A Group B Group C P-Value
Mean 7.68 μm 8.04 μm 16.08 μm

SD 1.80 1.27 1.66 <0.001*

Table 6: Means, standard deviations (SD) and the results of ANO-
VA test for comparison of marginal gap between the three groups. 

*Significant at p < 0.05.

Figure 4: Bar chart representing the mean marginal  
gap in the three groups.

Scanning electron micrographs of the three tested materials

Figure 5: The SEM examination of root-end-filled teeth with MTA.

Figure 6: The SEM examination of root-end-filled teeth with BD.

Figure 7: The SEM examination of root-end-filled teeth with GIC.

Discussion
In clinical settings, the cytocompatibility of a root filling mate-

rial should be adequate, to limit the downside impact of these ma-
terials on the periradicular tissues. In vitro tests such as cell culture 
enable experimental factors and variables to be controlled, which 
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often is a significant problem when performing experiments in 
vivo. The MTT assay is the most commonly used test for assessing 
the cytotoxicity of materials against different cell lines including 
the gingival fibroblasts, DPSCs, SCAP, and the periodontal ligament 
fibroblasts. This assay is a standard ISO-approved method for as-
sessment of cytotoxicity [8].

Curiously, in our investigation, cell contact with BD for 1 day in-
dicated an expansion in the proportions of living cells in contrast 
to GIC. Comparative discoveries were not seen with MTA. This out-
come could be clarified by the distinctions in constitutes between 
BD and MTA. One of the distinctions is the radiopacifier. On account 
of MTA, the radiopacifier is bismuth oxide, while for BD it is zirconi-
um oxide. The utilization of bismuth oxide in MTA has been shown 
that it doesn’t advance cell growth [9].

Similar fibroblasts cell growth was observed after 5 days when 
comparing BD and MTA. Comparative outcomes have been ac-
counted by Zhou., et al. (2013). when measuring cell growth of hu-
man gingival fibroblasts presented to extracts of BD and MTA [10].

Our outcomes concerning the biocompatibility measures re-
vealed that MTA introduced higher cytocompatibility and low tox-
icity following 7 days compared to BD. It is likewise critical that 
longer incubations with the extracts of MTA offered an increase in 
cell growth. These outcomes are steady with other reported stud-
ies which demonstrated that MTA may prompt an expansion in 
poliferation of exact types of dental cells [11]. This could also be 
due to the differences of pH and calcium ion release between the 
materials [12]. These outcomes are also in a way that agrees with 
Liu., et al. (2007) who found that the cell viability of human bone 
marrow stromal cells (hBMSCs) increased gradually with time on 
β-tricalcium phosphate scaffold during the first week, peaked at 
the seventh day [13].

In the current study, GIC demonstrated routinely lower levels 
of cytocompatibility throughout the three observation points com-
pared with control cells and both MTA and BD treatments. Our re-
sults are in accordance with Makkawy., et al. (1998) who reported 
that GIC inhibited the growth of gingival fibroblasts and periodon-
tal ligament cells [14].

Regarding the marginal adaptation the most important prop-
erty of root end filling is to prevent bacteria and their products 
from diffusion from the root canal into periapical tissues and vice 
versa [15]. Our approach to assess the marginal adaptation of a fill-
ing material is to determine the gap size under a SEM which is a 
reasonable technique for the appraisal of marginal adaptation as a 
result of its high magnification and good resolution [16].

A great results of apical surgery procedure performed using ul-
trasonic tips have been accounted in several studies [17,18]. How-
ever, cracks have been observed after their usage in retro-cavities 
preparations. A previous study also related the utilization of ultra-
sonic tips with chipping of the cavity margins [19]. Burs were uti-
lized in this study to avoid cracks especially in the thinnest walls of 
the root end cavity.

In the present study, the SEM observation (at ×500 and ×1000) 
of each half of the root-end-filled teeth of the three-different groups 
for the marginal adaptation showed the presence of gaps between 
retrograde materials and cavity wall in the most of cases. The gap 
(in terms of maximum length and width) was measured between 
material and dentinal wall on both sides (right and left) of speci-
mens after longitudinal sectioning of prepared teeth under SEM at 
×500 and ×1000. The higher magnifications were used to record 
the measurements more conveniently. The same method was used 
by Baranwal., et al. (2015) to study the marginal adaptation of grey 
MTA, white MTA, and Portland cement under SEM [20].

The SEM study of marginal adaptation of BD, MTA and GIC 
to dentin showed that there was no statistically significant dif-
ference between BD and MTA, This may be explained by the fact 
that both of them had similar composition with calcium silicate 
as their main constituent which expands by 0.2%-6% of its initial 
volume. This expansion significantly increases their sealing ability 
[21], while there was a statistically significant difference between 
both of them and GIC. These outcomes are as previously reported 
by Ravichandra., et al. (2014) who utilized confocal laser scaning 
microscopy to show the marginal adaptation between root dentin 
and retrofilling material utilizing BD and MTA contrasted and GI 
[22]. The probable reason for the increased mean gap size in GIC 
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is that freshly mixed GIC shows difficulty in handling and is also 
sensitive to moisture. GIC may exhibit shrinkage upon setting with 
more voids [23]. 

Based on these results, it may be concluded that MTA and Bio-
dentine display good cytocompatibility with normal fibroblast 
cells. Both did not significantly affect cell proliferation and can be 
classified as biocompatible retrograde filling materials, While GIC 
significantly affect fibroblasts proliferation and should be used 
carefully due to its cytotoxic effects.

Under SEM, concerning marginal adaptability, MTA and Bioden-
tine showed less micro-gaps with the dentinal walls compared with 
GIC and they can be used successfully as retrograde filling materi-
als thereby increasing the sealing ability and the life of the tooth.

Conclusion
Within the conditions of this study, it could be concluded that: 

•	 Overall, both MTA and Biodentine show comparable and fa-
vorable cell viability on fibroblast-like cells. 

•	 However, MTA shows a tendency to a consistent increase in 
viability up to 7 days.

•	 GIC shows the least cell viability overall the three observa-
tion points.

•	 MTA and Biodentine are significantly superior when com-
pared to GIC in terms of marginal adaptation, when used as 
retrograde filling materials.
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