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The first priority of effective root canal therapy is to enter, shape 
and clean the system in a manner that will allow efficient and total 
filling of the root canal space [1].
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Introduction

Objective: The objective of this study was to compare the neurotoxic effect of Endosequence BC sealer and MTA FilLapex sealer 
versus AH-plus by assessing the nerve conduction velocity (NCV) of isolated rat sciatic nerve and features of histopathological 
neurotoxic effect. 

Methods: Fifty seven white female albino rats were used in this study and grouped into three equal groups, 19 rats for each sealer 
group. All sealers were prepared according to manufacturer’s instruction and applied on the all entire length of the isolated rat sciatic 
nerve. The neurotoxicity of the root canal sealers (RCSs) was assessed by calculating the (NCV) of isolated rat sciatic nerve before, 
after 5 minutes and after 30 mins of sealer application on the nerve by the electrophysiologic data acquisition system (power lab) 
device. NCV can determine the nerve destruction and damage. Sciatic nerve samples that revealed a significant decrease in NCV due 
to severe neurotoxic effects had been selected for subsequent histopathological analysis. 

Results: The only statistical significant difference of the NCVs between groups was observed after 30 minutes between AH-Plus and 
Endosequence and between AH-Plus and MTA Fillapex so AH-Plus has the most neurotoxic effects followed by MTA Fillapex and the 
least one was Endosequence bc Histological examination of haematoxylin and eosin (H&E) stained sections of sciatic nerves with 
a significant decrease in NCV revealed that there were marked histopathological changes for AH-plus group compared to Endose-
quence BC and MTA Fillapex groups. Due to the very limited research papers on the neurotoxicity of the endodontic materials we 
conducted our study. Conclusion: Overextension with pushing of resin based cement into periapical tissue should be avoided other-
wise a paraesthesia might occurs moreover, measuring the NCV was proved to be a valuable tool in assessing the neurotoxic effect of 
the root canal sealer and Histopathological data are essential tool to confirm the electrophysiological findings. 

Clinical Significance: Apical extrusion of endodontic filling materials may cause Inflammation, nerve toxicity and damage so; extru-
sion of root canal filling should be avoided during endodontic treatment

Abbreviations

NCV: Nerve Conduction Velocity; RCSs: Root Canal Sealers; MTA: 
Mineral Trioxide Aggregate; BC: Bioceramic

Overfill of obturation material into the periradicular tissue has 
been correlated with foreign body reactions, flare-ups, and in-
creased postoperative discomfort [2].

Endodontic sealers are an essential part of obturation; not only 
they provide for an adequate seal between the core material and 
the dentinal walls, but they are also effective antimicrobials inside 
the canal system [3]. 

Extrusion of root canal sealers during obturation may cause 
damage to the surrounding anatomic structures with Clinical 
symptoms like pain, swelling and paresthesia or anesthesia may 
be present [4].

It is the sealers and its components that are recognized by the 
scientific literature as neurotoxic or highly irritating when extrud-
ed from the root canal which affect the related nerve tissue [5].

There is a direct relationship between the amount of time that 
the material remains on the nerve and immediate management to 
reduce the risk of permanent damage [6]. 

Materials and Methods
Materials

Three RCSs (AH-Plus, Endosequence bc and MTA fillapex) were 
tested. Composition and manufacturer of tested sealers are listed 
in table 1.

Conclusion: Overextension with pushing of resin based cement into periapical tissue should be avoided otherwise a paraesthesia 
might occurs moreover, measuring the NCV was proved to be a valuable tool in assessing the neurotoxic effect of the root canal sealer 
and Histopathological data are essential tool to confirm the electrophysiological findings. 
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Fifty seven white female Albino rats were killed by cervical dis-
location as a method of human euthanasia (Figure 1A). All the ex-
perimental procedures were carried out according to the protocol 
reviewed and approved to be in accordance with the guidelines 
of the ethical committee of Research in Faculty of Oral and Dental 
Medicine, Cairo University. Each animal was placed flat on its ven-
tral surface on a towel. The whole procedures were done under 
proper aseptic conditions, using sterile instrument. The lateral as-
pect of the right thigh, hip and flank was then routinely prepared, 
including trimming of the hair and disinfection with betadine. The 
sciatic nerve was uncovered through a posterolateral longitudinal 
straight incision (Figure 1B) using Bard parker blade no. 15. The 
entire length of the nerve was made visible. It was uncovered ap-
proximately 2 cm of the sciatic nerve. Then the sciatic nerve was 
dissected from the rat by scissor and grasped by tweezer. The nerve 
was placed in dish which is filled with tyrode solution (Figure 1C).

Sciatic nerve samples that revealed a significant decrease in 
NCV due to severe neurotoxic effects had been selected for sub-
sequent histopathological analysis; they have been placed in la-
belled jars. Sciatic nerve tissue samples immersed to 10% buff-
ered formalin for 24 hours at room temperatures, and then fixed 
tissues were washed in running tap water for 4 - 8 hours. Nerve 
tissues were embedded in paraffin and blocked, the sections were 
cut at thickness 4 - 5 micrometer with microtome and were pre-
pared on glass slides for analysis.

Histopathological analysis

Surgical procedures

Table 1: Composition and manufacturing of tested sealers.

Material Composition manufacturer
AH-Plus Paste A: Bisphenol-A and -F 

epoxy resins, calcium tungstate, 
zirconium oxide, silica, iron ox-
ide  pigments. Paste B: Amines, 

calcium tungstate, zirconium 
oxide, silica, silicone oil.

(Dentsply 
DeTrey GmbH, 
Konstanz, Ger-

many

Endose-
quence BC

Zirconium oxide, calcium 
silicates, calcium phosphate 

monobasic, calcium hydroxide, 
filler and thickening agent

(Brasseler,  
Savannah, Geor-

gia, USA)

MTA  
fillapex

Paste A: salicylate resin, bismuth 
trioxide and fumed silica. Paste 

B: mineral trioxide aggregate 
40%, fumed silica. Titanium 

dioxide and base resin.

(Angelus Ind 
ustria de Produ-

tos Odontol 
ogicos S/A, 

Londrina, PR, 
Brazil)

All the procedures were conducted in the lab room in Medical 
Physiology Department, Faculty of Medicine, EL Kaser EL Eini and 
in the Oral Pathology Department Faculty of Oral and Dental Medi-
cine, Cairo University.

Electrophysiologic analysis

Using forceps, the nerve was lifted out of its dish before sealer 
application by grasping the end of the nerve and placed on the wire 
electrodes of nerve chamber (Figure 1D) that contains tyrode solu-
tion making sure it is in contact with each of the active connections 
then the tested sealer was prepared according to manufacturer’s in-
struction and applied on the all entire length of the isolated sciatic 
nerve by spatula and the cover placed back on the nerve bath.

A bipolar hook electrode was used to stimulate the sciatic nerve 
and another one for recording the nerve potential.

The recording of nerve potentials was carried out using an elec-
trophysiologic data acquisition system (Power Lab) (Figure 1E).

Figure 1: (A) Cervical dislocation of the rat, (B) Exposure of 
the entire length of the rat sciatic nerve, (C) Isolated rat sci-
atic nerve in dish filled with tyrode solution, (D) The nerve 
chamber containing the isolated sciatic nerve, (E) An electro-

physiologic data acquisition system (Power Lab).

NCV was calculated by the absolute method, which means that 
the velocity was calculated using a single latency and distance 
measurement by dividing distance between the stimulating and 
recording electrodes(d) by the average latency difference be-
tween the onsets of compound action potentials Velocity = d/la-
tency (m/s) or (mm/ms) [7]

Sections were stained with haematoxylin and eosin stain and 
were examined under light microscope. Evaluation of all groups 
was done with regard to: Axon and epineurium degeneration, 
thickening degree of epineurium and perineurium, fibrosis, lym-
phocyte Infiltration, edema and vacuolization. 

 Data were coded and entered using the statistical package 
SPSS (statistical package for the social science) version 22. Data 
was summarized using mean and standard deviation in quantita-
tive data. Comparisons between groups were done using ANOVA 
with Post Hoc test (Chan, 2003a). For comparison of serial mea-

Statistical analysis
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Histological findings

Histological examination of haematoxylin and eosin (H&E) 
stained sections of sciatic nerves with a significant decrease in NCV 

The only statistical significant difference of the NCVs between 
groups was observed after 30 mins between AH-Plus and Endose-
quence and between AH-Plus and MTA Fillapex (Figure 2,3) so AH-
Plus has the most neurotoxic effects followed by MTA Fillapex and 
the least one was Endosequence BC (Table 2).

The maximum application period of the sealer on the isolated 
sciatic nerve was 30 minutes as increasing the time of application 
will endanger the nerve viability and hence give false measure-
ments and this was consistent with the present pilot study.

Electrophysiologic findings

Table 2: Descriptive statistics and test of significance showing 
Comparison between groups at different periods. 

*: statistically significant compared to corresponding value in 
control group (P < 0.05).

revealed that there were marked histopathological changes for 
AH-plus group compared to Endosequence bc and MTA Fillapex 
groups (Figure 4).

Results and Discussion

surements within each group repeated measures ANOVA was used 
(Chan, 2004). P-values less than 0.05 were considered as statisti-
cally significant. 

Figure 2: Bar chart showing the mean value of NCV of all 
groups after 30 minutes of the sealer application on the 

nerve tissues.

Groups Control (AH 
PLUS group)

Endosequence 
group

MTA 
group

Inter-
group  

P valueNCV

Before 
sealer  
applica-
tion

47.84 ± 13.76 49.58 ± 8.70 50.47 ± 
9.50

0.751

After 5 
min-
utes

47.42 ± 7.70 53.05 ± 10.09 52.79 ± 
9.14

0.105

After 
30 min-
utes

36.32 ± 9.51 50.95 ± 11.15 * 45.89 ± 
8.08 *

< 0.001

Figure 3: Diagram showing the time course of mean  
value of the NCV of all groups.

Figure 4: Photomicrograph of nerve tissues section of 
AH-plus control group, Pe: Perineurium Degeneration; R: 

Residual Sealer Substance; S: Schwann Cell; E: Edema; F: Fi-
brosis; L: Lymphocyte Infiltration; Red Arrow Head: Axonal 
Degeneration; Blue Arrow Head: Vacuolization; Black Arrow 

Head: Myelin Sheath Degeneration; (H&Ex200).

There is a close relation between the root canal apex and the 
inferior alveolar nerve(IAN) bundle, the distance between the 
anatomical root apex and the inferior alveolar nerve was equal or 
less than 3 mm [8].

The spongy bone in the molar area has many vacuoles which 
facilitates the spread of irrigation products and filling material to-
ward the inferior alveolar neurovascular set [9,10].

The sealers have direct effect on trigeminal nociceptors activa-
tion leading to strong release of calcitonin gene-related peptide, 
and may therefore lead to pain and neurogenic inflammation [2].

Rats are mammals that share many processes with humans 
and are appropriate for use to answer many research questions, 
available and generally mild-tempered and docile, making them 
easy for researchers to handle [11].

In our study, the neurotoxic effects of AH-Plus, Endosequence 
and MTA fillapex sealers were evaluated on rat sciatic nerve tissue 
because it was a mixed nerve (a nerve composed of both sensory 
and motor fibers), similar to the IAN, easy to expose surgically 
without causing any damage, and had a thick enough nerve bundle 
[12] to facilitate electrophysiologic recordings [13].

The rats were killed by cervical dislocation as a method of hu-
man euthanasia because there is no need for the rats after sciatic 
nerve isolation [14].

When the root canal sealers were contacted with a nerve tis-
sue, it has been reported that the sealers affect nerve transmission 
in 2 ways. The first way is that ionic imbalance in the extracellu-
lar fluid surrounding the axons can lead to temporary conduction 
block; this state is reversible and recovery is fast and complete. 
The second way, which is more severe, is where chemical damage 
occurred by time leads to axonal degeneration in the distal region 
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Conclusion
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of the damaged area and impulse conduction ceases. In this type 
of injury, recovery is slow, and complete recovery rarely occurs for 
this reason [13]. 

Due to the very limited research paper on the neurotoxicity of 
the endodontic materials and from the point that cytotoxicity is the 
quality of being toxic to cells and the nerve cells are much like other 
cells [15] a link could be established between cytotoxicity and neu-
rotoxicity that is to say any cytotoxic material is probably a neuro-
toxic one as well.

AH-plus sealer can cause toxic effects when extruded from the 
root canal apex. It is well documented that AH-plus sealer has mod-
erate to severe cytotoxic effect on the fibroblast cells [16]. AH-plus 
sealer exhibited a variable degree of neurotoxic effect on rat sciatic 
nerves [13] and on the primary neurons of orofacial tissues [17].

AH-plus sealer can cause toxic effects when extruded into the 
mandibular canal due to the release of small amount of formalde-
hyde and its cytotoxic bisphenol component [18].

AH-plus sealer release minimal levels of formaldehyde during 
their setting reaction, but do not contain formaldehyde as an ingre-
dient [19].

The formaldehyde produced from root canal fillings may cause 
permanent damage of the nerve [20] and are reported to be the 
agents that most commonly cause neurotoxic reactions [12].

Bisphenol A diglycidyl ether was identified as a mutagenic and 
cytotoxic component of resin-based materials [21]. 

Several previous studies showed that MTA Fillapex strongly af-
fected cell viability and has cytotoxic properties [22-24].

The observed cytotoxicity of MTA Fillapex and hence its neuro-
toxicity can be explained by its chemical composition which is com-
posed of two pastes, one containing MTA and the other containing 
salicylate resin [24]. 

Salicylate resin component of MTA Fillapex has stimulated the 
process of apoptosis in human fibrosarcoma and has caused the 
fragmentation of cell genetic material [25]. 

Arsenic and lead components could be related to MTA Fillapex 
toxicity [26,27]. 

Bioceramic sealers will not result in a significant inflammatory 
response if an overfill occurs during the obturation process [28] En-
dosequence BC sealer exhibited a cytotoxic effect on fibroblasts in 
vitro studies [24,29,30].

The neurotoxic effects of Endosequence bc sealer were showed 
by Kilkis., et al. 2015  [14] and Er., et al. 2017 [18]. The long setting 
time of Endosequence bc may be responsible for some components 
of the material to leach for extended periods of time and influence 
adversely cell viability, which may also explain its cytotoxicity and 
neurotoxicity [31]. Alkaline pH may also explain the toxic proper-
ties of Endosequence BC sealer [17].

The results of this study were in accordance with Kilkis., et al. 
2015  [14] who reported that NCV was statistically reduced in AH-
plus group compared to bioceramic sealer group.

In agreement with our study Er., et al. 2017 [18] showed that 
AH-plus sealer has more neurotoxic effects on cultured rat trigem-
inal ganglion neurons than iRoot SP (Endosequence BC sealer), 
Barbra., et al. [25] proved that MTA fillapex showed more cyto-
toxic effect in comparison to the Endosequence BC sealer and Zou-
fan., et al. 2011 showed that Endosequence BC sealer have lower 
cytotoxicity than AH-plus sealer.

The results of the present study were inconsistent with that of 
Zhou., et al. [30] who showed that MTA fillapex was more cytotoxic 
than both Endosequence BC sealer and AH-plus.

Contrary to the present study Leyhausen., et al. 1999 and 
Camps and About 2003 reported that AH-Plus sealers caused mild 
to no cellular damage.

Silva., et al. 2016 showed that MTA fillapex and AH-plus had 
similar toxicity in fresh conditions but MTA fillapex more cytotoxic 
than AH-plus in the set form and this mainly due to the high solu-
bility of MTA fillapex.

Histopathological evaluation of the dissected nerves was done 
because nerve biopsy is a valuable tool in the diagnosis of neu-
ropathies [32] and the histopathological findings matched to the 
electrophysiological results with regard to marked (axon and 
epineurium degeneration, thickening degree of epineurium and 
perineurium, fibrosis, lymphocyte infiltration, edema and vacuol-
ization) of AH-Plus group compared to MTA fillapex and Endose-
quence groups.

Overextension with pushing of resin based cement into peri-
apical tissue should be avoided otherwise a paraesthesia might 
occurs moreover, measuring the NCV was proved to be a valuable 
tool in assessing the neurotoxic effect of the root canal sealer and 
histopathological data are essential tool to confirm the electro-
physiological findings.
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