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Abstract
Background. Root-end filling materials are used in surgical endodontic treatment to seal the teeth peri-
apically. Ideally, these materials should prevent bacterial leakage by tightly sealing the canal, be biocom-
patible with the periapical tissues, and preferably stimulate the regeneration of dentin, contributing to the 
success of treatment.

Objectives. The purpose of this study was to evaluate and compare the biocompatibility of the Gutta-
Flow® Bioseal cement in relation to MTA Angelus® and Zical® after implantation into the subcutaneous 
tissue of rats. 

Material and methods. Eighteen male albino rats were used in the study. Four polyethylene tubes were 
implanted in the backs of the rats (3 tubes containing the test materials and 1 empty tube as a control). 
Nine animals were sacrificed at each interval of 7 and 30 days, and the implants were removed with the 
surrounding tissue. The samples were evaluated for stromal inflammatory response, fibrous tissue forma-
tion, vascular reactivity, and the presence of multinucleated giant cells (MNGCs).

Results. On day 7, the capsules in all subgroups revealed moderate to severe inflammatory reactions with 
the presence of inflammatory cells, multiple irregular collagen fibers, dilated blood vessels, and MNGCs. 
However, on day 30, tissue organization was more evident with a reduction in the inflammatory response. 
In this time interval, the tissue in contact with GuttaFlow Bioseal showed progressive healing with a well-
formed fibrous capsule. Conversely, the tissue close to MTA Angelus revealed a fibrous capsule of limited 
organization with mild pericapsular fibrosis and vascular congestion. Zical showed a  mild to moderate 
persistent inflammatory reaction and vascular reactivity.

Conclusions. The 3 cements demonstrated more severe irritation at the beginning that became milder 
with time. GuttaFlow Bioseal yielded better tissue organization than MTA Angelus and Zical. Thus, these 
findings strongly suggest that GuttaFlow Bioseal is a promising material for root-end filling.
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Introduction
The majority of unsuccessful endodontic treatment is 

the result of the irritants leaking from the infected root 
canal into the periapical tissues. When non-surgical treat-
ment is unsuccessful or contraindicated, the only solution 
to save the tooth is via a surgical intervention.1,2 Surgical 
endodontic treatment involves root-end preparation fol-
lowed by the placement of an appropriate root-end filling 
material. An  ideal root-end filling material should pro-
vide a tight hermetic seal to prevent microleakage, which 
could further contaminate the periapical tissues.3 These 
materials are in direct contact with the tissues, and there-
fore, must be biocompatible to avoid further irritation and 
possible treatment failure.4 Preferably, the root-end filling 
material should have the ability to stimulate the periodon-
tium to regenerate while also being bacteriostatic or bac-
tericidal to help accelerate the healing process and reduce 
the failure rate.3,5 The material should also be non-toxic, 
non-carcinogenic and dimensionally stable.2,3

The polydimethylsiloxane cements which contain very 
finely ground gutta-percha are used as cold filling sys-
tems for root canals; this formulation is commercially 
available as GuttaFlow®. Such cements have been intro-
duced to overcome the disadvantages of warm obturation 
techniques.6 GuttaFlow is bioactive due to the addition 
of silica, calcium oxide and phosphorous oxide particles; 
it has been introduced onto the market as GuttaFlow Bi-
oseal. The substances added to the cement play a role in 
the stimulation of tissue regeneration and healing.7 Gut-
taFlow Bioseal is characterized by low solubility, high 
bond strength, minimal calcium release, and alkalinizing 
activity.8–10

Mineral trioxide aggregate (MTA) is the best known 
bioactive cement in the endodontic field. This cement is 
widely used in different endodontic treatment, including 
root-end surgeries, root perforation repair, internal re-
sorption, pulp capping, apexification, and obturation. It is 
mainly composed of tricalcium silicate, dicalcium silicate, 
tricalcium aluminate, tetracalcium aluminoferrite, dehy-
drated calcium sulfate, and bismuth oxide. Its bioactivity 

is due to the rise in pH to 12.5 that occurs after 3 h of mix-
ing, which subsequently stimulates interleukin produc-
tion and calcium ion release.11 Mineral trioxide aggregate 
has been found to stimulate hard tissue deposition when 
applied as a retro-filling material in endodontically treat-
ed dogs’ teeth.12 There are several drawbacks to the use 
of MTA, including a long setting time, difficult handling, 
low strength, and a high cost.13

Traditionally, zinc oxide–eugenol (ZnO/E) cements 
have been among the most commonly used and recom-
mended cements with a  long history of successful use. 
Despite their positive characteristics, they have several 
shortcomings that have favored their replacement, in-
cluding a  long setting time, excessive solubility and the 
lack of adhesion.10,14,15

Accordingly, this study aimed to evaluate and compare 
the biocompatibility promoted by the polydimethylsi-
loxane-gutta-percha calcium silicate-containing cement 
(GuttaFlow Bioseal) in relation to MTA (MTA Angelus®) 
and ZnO/E (Zical®) after implantation into the subcuta-
neous connective tissue of rats.

Material and methods
The cements used in the study were GuttaFlow Bioseal 

(Coltène/Whaledent, Altstätten, Switzerland), MTA An-
gelus (Angelus, Londrina, Brazil) and Zical (Prevest Den-
Pro Limited, Jammu, India). The composition of the ma-
terials is described in Table 1.

Animal study design 

This experiment was conducted in the Animal House 
of the Faculty of Medicine, Cairo University, Egypt, ac-
cording to the guidance and approval of the Institution-
al Animal Care & Use Committee of Cairo University 
(CU-IACUC) (approval No. CU III F 7718).

Eighteen adult male albino rats with an average weight 
of 150–200 g were provided by the Animal House of the 
Faculty of Medicine, Cairo University, Egypt. The animals 

Table 1. Endodontic cements used in the study

Commercial name Manufacturer Presentation Composition Lot No.

GuttaFlow Bioseal
Coltène/Whaledent, 

Altstätten, Switzerland
dual-barrel syringe

gutta-percha powder particles, polydimethylsiloxane, 
platinum catalyst, zirconium dioxide, calcium salicylate, nanosilver 

particles, paraffin, coloring, 
and bioactive glass ceramic

H84160

MTA Angelus
Angelus, 

Londrina, Brazil
powder 

and liquid

powder: 
tricalcium silicate, dicalcium silicate, tricalcium aluminate, tetracalcium 

aluminoferrite, dehydrated calcium sulfate, and bismuth oxide; 
liquid:distilled water

101648

Zical
Prevest DenPro Limited, 

Jammu, India
powder 

and liquid

powder: 
zinc oxide, 

bismuth subcarbonate, barium sulfate, sodium borate, iodoform, 
and hydrogenated resin; 

liquid: eugenol

1521802
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were kept in an aerated chamber with 12-h dark/light in-
tervals, divided according to the study period. The cages 
were cleaned on a daily basis, and the rats were allowed 
unlimited access to food and water. The animals were 
randomly divided into 2 groups (n = 9 in each group), ac-
cording to the sacrifice dates (7 days and 30 days). These 
groups were further subdivided into 4 subgroups accord-
ing to the material used:
– subgroup 1 – polyethylene tubes filled with GuttaFlow 

Bioseal (n = 9);
– subgroup 2 – polyethylene tubes filled with MTA Ange-

lus (n = 9);
– subgroup 3 – polyethylene tubes filled with Zical 

(n = 9);
– subgroup 4 – empty polyethylene tubes (control) 

(n = 9).
The materials were mixed under aseptic conditions, ac-

cording to the manufacturers’ instructions. Sterile poly-
ethylene tubes were filled with GuttaFlow Bioseal or MTA 
Angelus and set within 15 min after being prepared, Zical, 
or left empty. They were immediately implanted into the 
dorsal subcutaneous tissue of the animals.

The back of each animal was shaved in 4 areas (upper 
right, upper left, lower right, and lower left) and disin-
fected with 10% betadine antiseptic solution (Mundip-
harma Egypt co., Cairo, Egypt). The animals were anes-
thetized with an  intraperitoneal injection of ketamine 
(80 mg/kg of body weight (b.w.)) combined with xylazine 
hydrochloride (8 mg/kg b.w.). Incisions of 2 cm in length 
were made in the head-tail orientation, creating 2 pock-
ets on each side of the back of each rat (Fig. 1). After the 
polyethylene tubes were implanted, the skin was closed 
using 4/0 silk sutures (International Sutures Manufac-
turing Co., Cairo, Egypt). Postoperatively, each animal 
received  10 mg/kg b.w. Flumox® (EIPICO, Tenth of Ra-
madan City, Egypt) intramuscularly to avoid secondary 
bacterial infection, 10  mg/kg  b.w. Cataflam® (Novartis, 
Cairo, Egypt) to avoid any possibility of postoperative 
pain as well as topical antibiotic spray Bivatracin (ECAP, 
Cairo, Egypt) to avoid local infection. On days 7 and 30 
after implantation, the animals were euthanized by intra-
cardiac overdose of sodium thiopental (80 mg/kg b.w.).16

Histopathologic evaluation 

Samples of skin and subcutaneous tissues containing 
the implants were excised with a safety margin of 1 cm. 
They were placed in 10% formalin at pH 7.2, buffered with 
0.1 M sodium phosphate at room temperature for 24 h to 
allow fixation. Subsequently, the polyethylene tubes were 
carefully removed from the samples. Next, the tissues 
were dehydrated in graded ethanol, treated with xylene 
and embedded in paraffin. Longitudinal sections, 4-mi-
crometer thick, were stained with hematoxylin and eosin 
(H&E) for morphological and morphometrical analyses.

The tissue reaction at the end of the tubes was scored 
according to a previous study, including stromal inflam-
matory response (mononuclear cells), fibrous tissue 
formation, vascular reactivity, and the presence of mul-
tinucleated giant cells (MNGCs) (Table  2).17 The histo-
pathological evaluation was performed using light mi-

Fig. 1. Diagrammatic presentation of the 4 incision sites and materials 
implanted into the dorsum of the rats

Table 2. Criteria for scoring the severity of reaction

Criterion 0 1 2 3

Stromal 
inflammatory 
response

– no reaction 
– few inflammatory cells

– mild reaction 
– less than 25 inflammatory cells

– moderate reaction 
– 25–125 inflammatory cells

– severe reaction 
– more than 125 inflammatory 

cells

Fibrous tissue 
formation

– no reaction 
– normal collagen fiber 

morphology

– mild reaction 
– mild collagen fiber irregularity

– moderate reaction 
– moderate collagen fiber 

irregularity

– severe reaction 
– severe collagen fiber 

irregularity

Vascular 
reactivity

– no reaction 
– no significant vascular 

proliferation

– mild reaction 
– number of vascular structures 
in 1 high-power field (×40) <25

– moderate reaction 
– number of vascular structures 

in 1 high-power field (×40) 25–50

– severe reaction 
– number of vascular structures 
in 1 high-power field (×40) >50

MNGCs absent present present present

MNGCs – multinucleated giant cells. 
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croscopy (Leica Microsystems, Heerbrugg, Switzerland) 
under ×400 magnification, while the analyses of the con-
nective tissue capsule thickness,18 the number of cell lay-
ers in the capsule19 and the collagen fiber diameter were 
performed on images acquired with ×100 magnification. 
Five fields were measured from each sample and the mean 
values were calculated.

The Fiji ImageJ software (https://imagej.net/software/
fiji/)20 was utilized. The data was obtained using the Leica 
Qwin 500 Image Analysis Software (Leica Microsystems). 
The image analyzer consisted of a colored video camera, 
a colored monitor, and the hard drive of an IBM personal 
computer (IBM Corp., Armonk, USA) connected to the 
microscope controlled by the Leica Qwin 500 software.

Statistical analysis 

The statistical analysis of the tissue response was per-
formed at day 7 and day 30. Differences in the grades as-
signed to particular subgroups and between the 2 experi-
mental periods were presented as frequency, and were 
evaluated using the Mann–Whitney U test and Krus-
kall–Wallis non-parametric test followed by a  post hoc 
test. The thickness of the connective tissue capsule, the 
number of cell layers in the capsule and the collagen fi-
ber diameter were analyzed using the two-way analysis of 

variance (ANOVA) followed by a post hoc test. The level 
of significance was set at 0.05.

Results
In all 4 subgroups in both time periods, mild to se-

vere inflammation, vascular reactivity, fibrous tissue 
formation, and the presence of MNGCs were observed 
(Table 3, 4; Fig. 2, 3).

Microscopic analysis  
of the tissue–material interface 

On day 7, all subgroups showed moderate to severe stro-
mal inflammatory response on the capsule at the tissue–
material interface. The experimental subgroups displayed 
inflammatory cell infiltration, mainly lymphocytes and 
macrophages, with increased levels of new blood vessel 
formation around them. The connective tissue was poorly 
organized with a few MNGCs (Fig. 2A–D). The remnants 
of the implanted material were observed in the MTA An-
gelus subgroup (Fig. 2B). As compared to the experimental 
subgroups, the control subgroup showed more organized 
connective tissue with moderate macrophage and lympho-
cyte infiltration as well as a small fibrin clot (Fig. 2D).

Table 3. Comparison of the p-values of the subgroups at the 2 time periods for the criteria assessed

Criterion Day GuttaFlow 
Bioseal Day MTA 

Angelus Day Zical Day Control Day p-value 
(between subgroups)

Stromal inflammatory 
response

7b

0.028*
7b

0.011*
7a

0.003*
7b

0.011*
7 0.006*

30b 30b 30a 30b 30 0.004*

Fibrous tissue formation
7

0.073
7

0.150
7

0.033*
7

0.298
7 0.065

30 30 30 30 30 0.442

Vascular reactivity
7a

0.001*
7a

0.011*
7a

0.008*
7b

0.140
7 0.003*

30b 30a,b 30a 30b 30 0.018*

MNGCs
7a

0.028*
7b

1.000
7a

0.028*
7b

1.000
7 0.019*

30 30 30 30 30 1.000

* – statistically significant. Within the same row (whenever the difference between the subgroups is statistically significant), the same superscript letter 
means no statistically significant difference.

Table 4. Scoring of histopathologic events observed in each subgroup at the 2 time periods

Criterion Day n
GuttaFlow Bioseal MTA Angelus Zical Control

G0 G1 G2 G3 G0 G1 G2 G3 G0 G1 G2 G3 G0 G1 G2 G3

Stromal 
inflammatory 
response

7 9 0 5 4 0 0 4 5 0 0 0 5 4 0 4 5 0

30 9 0 9 0 0 0 9 0 0 0 5 4 0 0 9 0 0

Fibrous tissue 
formation

7 9 0 3 6 0 0 3 5 1 0 1 6 2 0 6 3 0

30 9 0 7 2 0 0 6 3 0 0 5 4 0 0 8 1 0

Vascular 
reactivity

7 9 0 0 6 3 0 0 6 3 0 0 4 5 0 5 4 0

30 9 0 7 2 0 0 4 5 0 0 2 7 0 0 8 1 0

MNGCs
7 9 5 4 0 0 9 0 0 0 5 4 0 0 9 0 0 0

30 9 9 0 0 0 9 0 0 0 9 0 0 0 9 0 0 0

G – grade.
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On day 30, all subgroups showed a mild to moderate in-
flammatory tissue response on the capsule at the tissue–ma-
terial interface. The GuttaFlow Bioseal subgroup showed 
progressive healing with a  well-formed fibrous capsule; it 
also exhibited multiple parallel collagen fibers with a marked 
decrease in inflammatory cell infiltration (Fig.  3A). The 
MTA Angelus subgroup exhibited a fibrous capsule of lim-
ited organization with mild peri-capsular fibrosis, including 
some congested capillaries (Fig.  3B). The Zical subgroup 

showed significantly more inflammatory cells, vascular re-
activity and collagen fiber irregularity as compared to other 
subgroups (Fig. 3C). The control subgroup displayed more 
organized tissue with predominant connective tissue fibers, 
fibroblasts and inflammatory reactions (Fig. 3D). Fibroblasts 
were observed among the inflammatory cells and blood ves-
sels in all subgroups (Fig. 3A–D). Multinucleated giant cells 
were absent in all subgroups.

Considering the severity of the inflammatory reaction 
displayed by the subgroups, there were statistically sig-
nificant differences in stromal inflammatory response be-
tween the subgroups on day 7 and day 30 (p = 0.006 and 
p = 0.004, respectively), with a larger number of inflamma-
tory cells in the Zical subgroup on both observation days. 
There were no statistically significant differences in fibrous 
tissue formation between the subgroups on day 7 and day 
30 (p = 0.065 and p = 0.442, respectively). There were statis-
tically significant differences in vascular changes between 
the subgroups on day 7 and day 30 (p = 0.003 and p = 0.018, 
respectively), with the greatest amount of vascular changes 
recorded in the Zical subgroup. There were statistically sig-
nificant differences in MNGCs between the subgroups on 
day 7 (p = 0.019), but not on day 30 (p = 1.000) (Table 3).

Comparing the 2 observation times, stromal inflamma-
tory response decreased statistically significantly between 
the time periods for the GuttaFlow Bioseal, MTA An-
gelus, Zical, and control subgroups (p = 0.028, p = 0.011, 
p = 0.003, and p = 0.011, respectively). Although it was not 
statistically significant, fibrous tissue formation decreased 
over time for the GuttaFlow Bioseal, MTA Angelus and 
control subgroups (p = 0.073, p = 0.150, p = 0.298, respec-
tively). Conversely, a  statistically significant decrease was 
recorded on day 30 in the Zical subgroup (p = 0.033). There 
was a statistically significant decrease in vascular reactiv-
ity between the time periods for the GuttaFlow Bioseal, 
MTA Angelus and Zical subgroups (p = 0.001, p = 0.011 
and p  =  0.008, respectively), while the control subgroup 
showed no significant difference between the 2 observa-
tion times (p = 0.140). There was a statistically significant 
difference between the 2 observation times for MNGCs in 
the GuttaFlow Bioseal and Zical subgroups (p = 0.028 and 
p = 0.028, respectively), but this difference was not statis-
tically significant for the MTA Angelus and control sub-
groups (p = 1.000 and p = 1.000, respectively) (Table 3).

The connective tissue capsule thickness and the num-
ber of cell layers in the capsule decreased, while the colla-
gen fiber diameter increased in all subgroups with regard 
to both time periods. An  increase in the collagen fiber 
diameter was not statistically significant (p = 0.101), but 
decreases in the connective tissue capsule thickness and 
the number of cell layers in the capsule were statistically 
significant (p < 0.05) (Table 5).

On day 7, the capsules exhibited a well-defined structure 
of variable thickness; the highest mean capsule thickness was 
detected in the Zical subgroup, while the lowest value was 
detected in the control subgroup on day 30 (Table 5).

Fig. 2. Photomicrographs of hematoxylin and eosin (H&E) staining sections 
showing a portion of the capsule at the tissue–material interface on day 7

A – GuttaFlow Bioseal; B – MTA Angelus; C – Zical; D – control; 
×400 magnification.
The capsules show a moderate to severe inflammatory reaction. The capsules 
exhibit several inflammatory cells, mainly lymphocytes (yellow arrows), plasma 
cells (blue arrows) and macrophages (green arrows). Multinucleated giant cells 
(MNGCs) (red arrows) and blood vessels (BV) are observed. Fibroblastic activity 
(curved arrow) and minimal fibrinoid-like deposition (black-arrow head) are 
observed in 2D.

Fig. 3. Photomicrographs of hematoxylin and eosin (H&E) staining sections 
showing a portion of the capsule at the tissue–material interface on day 30

A – GuttaFlow Bioseal; B – MTA Angelus; C – Zical; D – control; 
×400 magnification.
The fibrous capsule shows mild inflammatory cell infiltration in 3A, 3B and 
3D. Mild pericapsular fibrosis (red asterisks) and congested capillaries (black 
asterisks) are observed in 3B. Mild to moderate inflammation is observed in 
3C. The remodeling of the fibrous capsule and collagen fibers with marked 
fibroblastic activity (curved arrow) is observed in 3D 
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The pairwise comparison revealed statistically signifi-
cant differences between the Zical subgroup on day 7 and 
the following subgroups: control on day 7 (p < 0.05); control 
on day 30 (p < 0.05); GuttaFlow Bioseal on day 7 (p < 0.05); 
GuttaFlow Bioseal on day 30 (p < 0.05); MTA Angelus on 
day 7 (p < 0.05); and MTA Angelus on day 30 (p < 0.05).

Furthermore, the pairwise comparison showed statisti-
cally significant differences between the Zical subgroup 
on day 30 and the following subgroups: Zical on day 7 
(p  <  0.05); GuttaFlow Bioseal on day 7 (p  =  0.018); and 
MTA Angelus on day 7 (p < 0.05).

A significant relationship was also detected between 
the MTA Angelus subgroup on day 7 and the control sub-
group on day 7 (p < 0.05), the control subgroup on day 
30 (p < 0.05), the GuttaFlow Bioseal subgroup on day 7 
(p < 0.05), and the GuttaFlow Bioseal subgroup on day 30 
(p < 0.05). Moreover, there was a significant relationship 
between the MTA Angelus subgroup on day 30 and the 
MTA Angelus subgroup on day 7 (p < 0.05) and the Gut-
taFlow Bioseal subgroup on day 7 (p = 0.010).

Additionally, a  significant relationship was detected 
between the GuttaFlow Bioseal subgroup on day 7 and 
the control subgroup on day 30 (p < 0.05). There was also 
a significant relationship between the GuttaFlow Bioseal 
subgroup on day 30 and the GuttaFlow Bioseal subgroup 
on day 7 (p = 0.001) and the control subgroup on day 7 
(p = 0.040).

Moreover, there was a significant relationship between 
the control subgroup on day 30 and the control subgroup 
on day 7 (p = 0.003).

Regarding the number of cell layers in the capsule, the 
highest mean number of cell layers was detected in the Zi-
cal subgroup on day 7, while the lowest number of cell lay-
ers was detected in the control subgroup on day 30; this 
difference was statistically significant (p < 0.05).

The pairwise comparison revealed a statistically signifi-
cant relationship between the Zical subgroup on day 7 and 
the control subgroup on day 7 (p < 0.05), the control sub-
group on day 30 (p < 0.05), the MTA Angelus subgroup on 
day 30 (p < 0.05), and the GuttaFlow Bioseal subgroup on 
day 30 (p < 0.05). There was also a statistically significant 
relationship between the Zical subgroup on day 30 and the 
Zical subgroup on day 7 (p < 0.05), the control subgroup on 
day 7 (p = 0.021), the control subgroup on day 30 (p = 0.030), 
the GuttaFlow Bioseal subgroup on day 7 (p  <  0.05), the 

GuttaFlow Bioseal subgroup on day 30 (p = 0.031), and the 
MTA Angelus subgroup on day 7 (p < 0.05).

A statistically significant relationships was also de-
tected between the MTA Angelus subgroup on day 7 and 
the control subgroup on day 7 (p < 0.05), the control sub-
group on day 30 (p < 0.05) and the GuttaFlow Bioseal sub-
group on day 30 (p < 0.05). There was also a statistically 
significant relationship between the MTA Angelus sub-
group on day 30 and the MTA Angelus subgroup on day 7 
(p < 0.05), the control subgroup on day 30 (p = 0.031) and 
the GuttaFlow Bioseal subgroup on day 7 (p < 0.05).

Additionally, a significant relationship was detected be-
tween the GuttaFlow Bioseal subgroup on day 7 and the 
control subgroup on day 7 (p < 0.05), the control subgroup 
on day 30 (p < 0.05) and the GuttaFlow Bioseal subgroup 
on day 30 (p < 0.05).

There was a non-significant increase in the collagen fi-
ber diameter among the subgroups with time.

Discussion
The biocompatibility of root-end filling cements is one 

of the most important requirements of the material, since 
it comes into direct contact with the vital periradicular 
tissues. In vivo subcutaneous implantation is considered 
one of the most reliable procedures to assess the biocom-
patibility of dental materials.21 The endodontic cement 
extruded from the polyethylene tube orifice creates a tis-
sue–tube interface, which triggers inflammatory response 
similar to that found at the periapical area of an endodon-
tically treated tooth.22 Inert polyethylene tubes were used 
for implantation due to their ability to hold the tested 
material in direct contact with the tissues.21 An additional 
empty tube was implanted as a control in an attempt to 
control variables, avoid selection bias, and neutralize any 
confounders that might affect the results.16

In this study, stromal inflammatory response (mononu-
clear cells), vascular changes, fibrous tissue formation, and 
the presence of MNGCs in the subcutaneous tissues of the 
rats were evaluated. In all subgroups, the results showed 
a moderate to severe stromal inflammatory response pre-
sented as the recruitment of inflammatory cells, numerous 
blood vessels and irregular collagen fibers with the pres-
ence of MNGCs. Following the initial moderate to severe 

Table 5. Comparison of the subgroups at the 2 time periods in terms of particular parameters

Parameter Day Control Zical MTA Angelus GuttaFlow Bioseal p-value

Connective tissue capsule thickness 
[µm]

7 103.15 ±10.72C,D 323.53 ±70.38A 236.28 ±22.60B 119.64 ±20.20C
0.000*

30 48.18 ±12.74E 72.30 ±15.71D,E 69.89 ±6.58D,E 59.79 ±10.71E

Number of cell layers 
(n)

7 4.67 ±1.32C,D 9.17 ±1.00A 9.06 ±0.53A 8.33 ±0.71A
0.000*

30 4.39 ±0.70D 6.11 ±1.05B 5.78 ±0.71B,C 4.72 ±0.83C,D

Collagen fiber diameter 
[µm]

7 1.96 ±0.92 4.61 ±0.69 4.66 ±1.03 2.62 ±1.32
0.101

30 2.45 ±1.25 6.64 ±0.82 5.12 ±1.59 4.30 ±1.40

Data presented as mean ± standard deviation (M ±SD). * – statistically significant. The same superscript letter means no statistically significant difference. 
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reactions, all tissue reactions decreased over time. In ad-
dition, the structural reorganization of the capsules was 
demonstrated over time. This is a positive indicator of the 
material tolerability, as it is considered an immune reaction 
that produces foreign bodies recognized as harmless.23

Besides the recruitment of inflammatory cells, angio-
genesis is essential for fibroblast proliferation and initial 
granulation tissue formation.24 The number of blood ves-
sels decreased with time, which may be directly associated 
with the regression of the inflammatory reaction and the 
rearrangement of the connective tissue. On day 30, the 
control subgroup showed the least number of blood ves-
sels, followed by the GuttaFlow Bioseal and MTA Angelus 
subgroups; the greatest values were associated with Zical.

Multinucleated giant cells could be observed, as dem-
onstrated in Fig.  2A and 2C. These giant cells disap-
peared with time over the course of the study. These 
findings are consistent with the results of another in vivo 
study by Ghanaati  et  al.25 In their study, the number of 
MNGCs decreased with time as the degradation of the 
material progressed, suggesting that MNGCs were the 
main phagocytic cells associated with the degradation 
of the material.25 Additionally, Hernandez-Pando  et  al. 
proposed that MNGCs contributed to the initiation and 
maintenance of the inflammatory process, and might also 
be involved in the downregulation of inflammation and 
the induction of the fibrotic process via the production 
of proinflammatory and anti-inflammatory cytokines, de-
pending on the inflammatory process phase.26 Notably, it 
is possible that the apoptotic cell death mechanism was 
involved in the elimination of MNGCs in the tissues.26

GuttaFlow Bioseal promoted connective tissue remodel-
ing similar to that observed in the control subgroup, which 
indicates that the material was well tolerated by the tissues. 
It induced the formation of the collagenous capsule con-
taining blood vessels and fibroblasts with mild inflamma-
tion 30 days after subcutaneous implantation. In previous 
studies, GuttaFlow cements (GuttaFlow and GuttaFlow 2) 
showed low cytotoxicity,27,28 which is an essential require-
ment for endodontic cements that come in contact with vi-
tal tissues. GuttaFlow Bioseal has been found to be slightly 
soluble when in contact with water due to the presence 
of soluble bioactive particles. This solubility is within the 
American Dental Association (ADA) specifications and 
has been suggested to provide the necessary ions needed 
for the remineralization of dentin.10 In an in vitro study on 
GuttaFlow Bioseal cultured on human periodontal liga-
ment stem cells (hPLSCs), GuttaFlow showed the least cy-
totoxicity, maintained cell viability, and exhibited better cell 
migration, morphological characteristics and cytoskeletal 
organization patterns. In another in vitro study, GuttaFlow 
Bioseal was found to be the most biocompatible when cul-
tured on mouse fibroblast cells as compared to GuttaFlow 
2, AH Plus and MTA Fillapex.7

MTA Angelus showed the accentuated recruitment of in-
flammatory cells on day 7. This elevated inflammatory reac-

tion in the initial assessment period may be due to the high 
alkaline pH reached by the cement during setting, leading to 
the production and release of proinflammatory cytokines.29 
Additionally, MTA has shown a cytotoxic effect on V79 fi-
broblasts and BALB/c 3T3 cells, which may be due to the 
presence of toxic components, such as salicylate and diluting 
resins.30 This is in accordance with the findings of this study, 
showing that the MTA Angelus subgroup demonstrated in-
flammatory cell infiltration on day 7, which decreased until 
day 30, although it was still evident.31

Zical demonstrated the highest inflammatory infiltration 
throughout the study, which may be attributed to its con-
stituents – zinc oxide ions and eugenol oil. These findings 
are consistent with an in vivo study showing an intense histo-
pathologic reaction to a ZnO/E sealer throughout the experi-
mental duration, with profuse lymphoplasmacytic infiltrate 
and large quantities of macrophages.32 Similarly, ZnO/E end-
odontic sealers caused a mild to moderate inflammatory re-
action with a predominance of lymphocytes subcutaneously 
in rats, which declined into a mild reaction at the later pe-
riod of the experiment.33 The setting reaction of this cement 
involves the hydrolysis of zinc oxide ions to zinc hydroxide, 
which chelates with eugenol oil in order to give a relatively 
soluble matrix of zinc oxide and eugenol with trapped un-
reacted eugenol.10 A study on the cytotoxicity of eugenol re-
ported that it had a significant potential for periapical toxicity. 
Eugenol leaches out into the surrounding periapical tissues, 
contributing to the development of periapical inflammation, 
or even the persistence of a pre-existing periapical lesion.34 
Eugenol may inhibit macrophage function by significantly af-
fecting their adherence and potential for phagocytosis, which 
results in inflammatory reactions in the periapical tissues.35,36 
On day 30, there was a significant reduction in the inflamma-
tory response produced by Zical. This might be explained by 
the neutralization of the previously liberated eugenol, since 
Zical is a ZnO/E-based sealer.35,36

The control subgroup in both time periods showed in-
flammatory reactions, and since polyethylene is an inert 
material, they may have been triggered by trauma from 
the surgical procedure.37 Accordingly, the inflammatory 
reaction brought about by the experimental cements was 
due to both the surgical procedure and their components 
released into the surrounding tissues. This observation 
makes it evident that although the cements did show in-
flammatory response, they were still considered biocom-
patible if the level of inflammatory reponse was accept-
able and restricted to short periods of time.38

Conclusions
Within the limitations of this study, Zical showed the great-

est inflammatory reaction, while GuttaFlow Bioseal exhibited 
the least inflammatory reaction. Hence, it can be concluded 
that GuttaFlow Bioseal is biocompatible and comparable to 
MTA Angelus, making it a promising root canal sealer. It is 
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recommended that other stains are used in future studies 
for enhanced detection of collagen fibers, such as Masson–
Goldner or picrosirius red staining. 
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