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ABSTRACT

Objective: The aim of this study was to evaluate the influence of humidity on the intra-tubular penetration, 
bond strength and failure mode associated with AH Plus (AH) and MTA Fillapex (MTAF) sealers. 

Methods: For this analysis, an apparatus was created to maintain the humidity of the specimens. Sixty bovine 
single-rooted teeth with similar anatomy were used. The teeth were randomly divided into 4 groups (N=15): 
G1 - AH/moist, G2 - AH/dry, G3 - MTAF/moist and G4 - MTAF/dry. A laser scanning confocal microscope was
used to analyse the penetrability of the sealers into the dentinal tubules. A push-out test was performed to 
examine the diameter and height of the root canal fillings. The failure mode was analysed under a stereomi-
croscope at 40× magnification. The data were submitted to non-parametric Kruskal-Wallis and Dunn’s tests. 
The significance level was P<0.05. 

Results: The MTAF sealer exhibited higher intra-tubular penetration values compared to AH Plus (P<0.05) 
sealer. AH Plus showed the highest bond strength values. Regarding the type of failure mode, a majority of 
cohesive failures was identified, irrespective of the moisture conditions, which were not statistically signifi-
cant among the sealers (P<0.05). 

Conclusion: Humidity conditions did not influence the intra-tubular penetration, bond strength and failure 
mode of AH Plus and MTAF sealers.
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INTRODUCTION
Some authors have reported that end-
odontic sealers play an important role 
in filling areas of difficult access, such as 
the dentinal tubules, and anatomically 
complex areas (1). Studies have observed 
that penetration of these materials could 
reduce the bacteria within the dentinal 
tubules due to their anti-bacterial prop-
erties (2). One of the main purposes of 
endodontic filling is to promote sealing 
of the root canal system to hinder tissue 
fluid, bacteria and/or their products’ pen-
etration into the canal, thereby prevent-
ing it from being re-infected after de-
bridement (3). Epoxy resin-based sealers 
are extensively used in endodontics be-
cause of their excellent physical-chemical 
and biological properties (4). The AH Plus 

sealer is considered the gold standard because of its low-solubility, adequate dimensional stability 
and micro-retention to dentin (5). 

HIGHLIGHTS

• MTA Fillapex was introduced by Ângelus 
(Ângelus Ind e Comércio, Londrina, Paraná, 
Brazil) as an endodontic sealer, with calcium 
silicate and salicylate resin as its main active 
components.

• The aim of this study was to evaluate the 
influence of humidity on  intra-tubular pen-
etration, bond strength and type of failure 
associated with endodontic sealers.

• The results of this study showed statistically
significant differences concerning the de-
gree of intra-tubular penetration and bond 
strength of the endodontics sealers com-
pared in this study, irrespective of the mois-
ture conditions.
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ABSTRACT

In young patients, premature tooth loss in the anterior maxilla after trauma is challenging for the patient and 
the dental professional, with serious implications from aesthetic and functional points of view, as well as from 
a craniofacial growth aspect perspective. Premolars autotransplanted into the maxillary anterior region have 
been shown to be a biological alternative in this situation. This report describes the clinical management of 
a case of premature loss of a maxillary central incisor after traumatic injury. A mandibular premolar at the 
stage of initial root development was transplanted into the alveolar socket of the lost incisor. After 18 years, 
the transplanted tooth remained responsive to pulp sensibility tests and the periradicular bone and soft tis-
sues were within normal limits. Autotransplantation of premolar teeth into the maxilla could be considered 
an excellent treatment choice with many biological advantages over implants or fixed dentures as long as 
proper case selection is followed.
Keywords: Dental trauma, ridge preservation, root development, tooth autotransplantation

INTRODUCTION
In young patients, premolar autotrans-
plantation to replace lost teeth in the 
maxillary anterior region has proven to 
be an acceptable therapeutic alterna-
tive with good potential to induce bone 
growth and to re-establish a normal alve-
olar process (1-3).

Prognosis in these cases is improved 
when the transplanted tooth has a par-
tially developed root, because it will al-
low for pulp revascularization and proper 
development of the root with closure of 
the foramen (3-5), thereby reducing the 
likelihood of requiring endodontic ther-
apy with its associated additional costs 
and possible complications. 

This type of treatment should be taken into consideration because of the biological advantages it 
provides, such as reported good long-term prognosis in patients during the early stages of maxil-
lary development as well as in adults with prosthetic and/or orthodontic needs (6-8).

In this case, a premolar in the early stage (one-fourth) of root development was autotransplanted 
and the transplanted tooth exhibited pulpal healing, continued root development, and mainte-
nance of periodontal health with a normal alveolar process for 18 years. 

HIGHLIGHTS

• In young patients, premolar autotransplanta-
tion to replace lost teeth in the maxillary an-
terior region has proven to be an acceptable 
therapeutic alternative.

• In this case, a premolar in the early stage 
(one-fourth) of root development was au-
totransplanted and the transplanted tooth 
exhibited pulpal healing, continued root de-
velopment, and maintenance of periodontal 
health with a normal alveolar process for 18 
years.

• Tooth autotrasplantation has many biolog-
ical advantages over implants or fixed den-
tures as long as proper case selection is fol-
lowed.
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Although resin-based sealers have good properties, some re-
searchers have shown increasing interest in materials capable 
of enhancing periapical tissue repair. Hence, the MTA Fillapex 
sealer, with calcium silicate and salicylate resin as its main ac-
tive components, was introduced by Ângelus (Ângelus Ind e 
Comércio, Londrina, Paraná, Brazil). When MTA Fillapex, con-
sidered an endodontic sealer with acceptable physical-chem-
ical properties, was compared with AH Plus, it showed lower 
flow rates, setting time and solubility (6). Thus, it is considered 
a suitable sealer for endodontic treatment (7).

Many factors could be associated with endodontic treatment 
success or failure. The presence or absence of humidity in the 
radicular dentin during the filling process is a decisive factor 
for achieving an adequate filling (8, 9). The bond strength be-
tween the sealer and the dentinal walls could be affected by 
the presence of humidity, possibly leading to bond failures 
and leakage (10). In literature, there have been discussions re-
garding the different levels of residual humidity and how they 
could interfere with the sealing ability of endodontic sealers, 
particularly relative to resin-based sealers, known for their hy-
drophobic properties (11, 12).

The aim of this study was to evaluate the influence of humid-
ity on the intra-tubular penetration, bond strength and type 
of failure mode associated with endodontic sealers. The null 
hypothesis tested was that the penetrability, bond strength 
and failure mode associated with AH Plus and MTA Fillapex 
sealers would not be influenced by the presence or absence 
of humidity.

METHODS
Approval from the ethics committee of the Bauru School of 
Dentistry was obtained for this study (CEP 191-2011). Sixty 
bovine incisor teeth were stored in 1% thymol solution. Ex-
tremely flattened or curved teeth were excluded from this 
study. Teeth with similar root canal diameters were selected, 
the crowns were sectioned, and the roots were reduced to a 
standardised length of 16 mm. The root canals were manually 
prepared with K-files using a step-back technique, until a #80 
K-file reached the working length. The root canals were irrigat-
ed with a 30-gauge endodontic irrigation needle (Endo-Eze
Tips, Ultradent, Utah, USA) with 2 mL of 2.5% sodium hypo-
chlorite (NaOCl) solution at every change of file. In addition,
the root canals were flushed with 5 mL of 17% ethylenedi-
aminetetraacetic acid (EDTA; for 3 minutes) followed by saline
solution.

The specimens were randomly divided into four groups 
(N=15) according to the endodontic sealers: AH Plus 
(Dentsply-Detrey, Konstanz, Germany) and MTA Fillapex 
(Ângelus Odontológica, Londrina, PR, Brazil) and the mois-
ture conditions to be analysed: G1 - AH/moist, G2 - AH/dry, 
G3- MTAF/moist and G4 - MTAF/dry. In the teeth filled un-
der moist conditions (G1 and G3), the root apex was cov-

ered with utility wax and two layers of nail varnish. To pro-
mote humidity of the specimens, the teeth were stored in 
an aqueous solution of sodium chloride, and to maintain it, 
an apparatus of polyvinyl chloride (PVC) with acrylic resin 
assembled with a damp sponge was set up. For this pur-
pose, 10 mL of deionised  water was added to each spec-
imen (Figure 1). The root canals were aspirated and dried 
with paper points, according to the condition to be studied 
in each group. In addition, the teeth were stored in an incu-
bator at 37°C and 100% humidity. Thus, the dental tubules 
could be maintained hydrated before the filling process. 
In contrast, in Groups G2 and G4, all the procedures were 
performed under dry conditions. To standardise and con-
trol the amount of sealer to be applied during root canal 
filling, the endodontic sealers were weighed (AY220-Shi-
madzu, Alpax Comércio de Protudos para Laboratório Ltda, 
São Paulo, Brazil). Furthermore, a fluorescent agent (0.1% 
rhodamine B) was applied to both sealers for laser scan-
ning confocal microscopy (LSCM) analysis, as proposed by 
D Alpino et al. (13). The teeth were filled using a cold lateral 
compaction technique, with the aid of a #30 K-file and gut-
ta-percha cones (#80 as the master cone and R7 as second-
ary cones). Finally, the teeth were incubated at 37°C for 72 
hours to allow the sealers to set. After the incubation time, 
dentin fragments measuring 2 mm in diameter were ob-
tained. They were cut with a water-cooled diamond wheel 
at 200 rpm from different sections of the specimens at dis-
tances of 2, 4 and 6 mm from the root apex. Subsequently, 
water abrasive papers (600-, 900- and 1,200-grit) were used 
for the finishing and polishing of the dentin fragments for 
further analysis.

Laser Scanning Confocal Microscopy Analysis
A laser scanning confocal microscope was used (Leica Mi-
crosystems GmbH, Mannheim, Germany) with emission and 
absorption wavelengths between 540 nm and 590 nm. The 
specimens were observed at a distance of 10 µm under the 
surface at 10× magnification. The images were saved in a TIFF 
format with a resolution of 1024×1024 using the computer 
program Leica Application Suite (Leica Microsystems GmbH). 
Subsequently, the images were transferred to Image J (Na-
tional Institute of Health, USA) and analysed twice, relative to 
sealer penetrability into the dentinal tubules.
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Figure 1. Apparatus made of polyvinyl chloride and acrylic resin with a 
damp sponge
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Push-out Test
The diameter and height of the root canal fillings of 
specimens were also studied. The dentin fragments were 
placed in a universal testing machine (Instron 3342; In-
stron Corporation, Canton, MA, USA) with the larger diam-
eter of the fragment facing downwards. Load was applied 
with a load cell of 5 kN that was in contact with only the 
filling during loading. A push-out test was performed at a 
speed of 1.0 mm/min until the filling was observed to be 
displaced, indicating a bond failure. Each specimen was 
separately observed to calculate the area filled with gut-
ta-percha and sealers. To calculate the area and height of 
the specimens, a digital pachymeter (Profield 150/6×0.01 
mm/0.0005, Ciudad del Este, Paraguay) was used. As sug-
gested by Nagas et al. (8), the values were calculated in 
mega Pascals (mPa) by dividing the load in Newtons (N) 
by the area of the bonded interface. The bond area of each 
section was calculated by using the following formula: 
area=2π r×h, where π=3.14, r=radius of the intra-radicular 
space, and h=height of the section in mm. However, the 
bond strength (SL) was calculated using the formula: SL=π 
(R+r) √ h2+(R-r)2 (19).

SL - Lateral surface of the area occupied by the gutta-percha
R - Radius of the filling material measured at the coronal level
r - Radius of the filling material measured at the apical level
h - Diameter of the specimen

Failure Mode Analysis:
The failure mode was analysed under a stereomicroscope 
(Carl Zeiss Microscopy GmbH, Jena, Germany) at 40× magnifi-
cation. Each specimen was identified according to the failure 
mode and was classified as adhesive (failure at the sealer-den-
tin or the sealer-core material interface), cohesive (failure 
within sealer or dentin) or mixed (failure in both the sealer and 
dentin) failures (8).

Statistical Analysis
The sample calculation was performed using the G*Pow-
er v3.1 for Mac (Heinrich Heine, Universität Düsseldorf ) 
by selecting the Wilcoxon-Mann Whitney test of the T 
test family. The data of a previous study were used, and 
the effect size (1.42) in the present study was established 
(14). The alpha type error of 0.05, a beta power of 0.95 
and a ratio N2/N1 of 1 were also stipulated. A total of 12 
samples per group were indicated as the ideal size re-
quired for noting significant differences. An additional 
20% of the sample was used to compensate for possible 
loss of samples during the experiment. For data analysis 
the Graph Pad Prism 6 (GraphPad Software, Inc., Califor-
nia, USA) software and non-parametric Kruskal-Wallis and 
Dunn’s tests were used. The level of significance adopted 
was P<0.05.

RESULTS 
The intra-tubular penetration values of the sealers are shown 
in Table 1. The penetrability of AH Plus and MTA Fillapex was 
analysed by means of LSCM images (Figures 2-5). Concerning 
this variable, MTA Fillapex showed higher penetrability values 
irrespective of the moisture conditions, being greater in the 
cervical third (6 mm) and showing statistically significant dif-
ference when compared with AH Plus (P<0.05). However, the 
penetrability of AH Plus was not affected by the moisture con-
ditions. The push-out bond strength values (mPa) are present-
ed in Table 2. AH Plus presented higher bond strength values 
than did MTA Fillapex, not being influenced by the moisture 
conditions (P<0.05). The types of failure of the experimental 
groups are listed in Figure 6. The failure mode analysis iden-
tified a majority of cohesive failures, irrespective of the mois-
ture conditions. However, in the AH Plus groups, many cohe-
sive dentin failures were observed, while in the MTA Fillapex 
groups, only cohesive failures of the filling material could be 
identified (P<0.05). 
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Penetration Depth (µm) (Medium ± min/max)

2 mm 4 mm 6 mm

Dry  Moist Dry Moist Dry Moist

AH Plus 487,3 (0,0 - 1258) aA 0,0 (0,0 -1091)aA 963,9 (474,7 - 1313)aA 805,4 (0,0 -1216)aA 986,6 (761,6 -1389) aA 915,7 (0,0 - 1371)aA

MTA Fillapex 927(0,0 - 1463)aB 887,8 (0,0 -1164)aB 970,1 (0,0 - 1193)aB 1011 (694,5 - 1177)aB 1050 (0,0 - 1215)aB 1009 (651,7 - 1168)aB

Lower case identifiers show statistical difference in the intra-group comparison of the same section level. Upper case identifiers show statistical difference between the groups (sealers) 
(P<0.05)

TABLE 1. Medium±min/max of AH Plus and MTA Fillapex penetration depths 

Push-out test  (mPa) (Medium ± min/max)

2 mm 4 mm 6 mm

Dry  Moist Dry Moist Dry Moist

AH Plus 9,3 (0,02 - 46,29)aA 12,32 (5,21 - 28,31)aA 7,21 (2,12 - 30,69)aA 6,9 (2,57 - 18,30)aA 5,65(2,95 - 17,02)aA 9,26 (2,76 - 14,92)aA

MTA Fillapex 0,48 (0,0 - 17,14)aB 0,65 (0,0 - 8,04)aB 0,43 (0,11 - 25,97)aB 0,77 (0,13 - 2)aB 0,42 (0,13 -7,31)aB 0,46 (0,09 - 1,2)aB

Lower case identifiers show statistical difference in the intra-group comparison of the same section level. Upper case identifiers show statistical difference between groups (sealers) 
(P<0.05).

TABLE 2. Medium±min/max of the push-out test
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Figure 2. a-c. MTA Fillapex under dry conditions: 6 mm (a), 4 mm (b), and 2 mm (c)

a b c

Figure 3. a-c. MTA Fillapex under moist conditions: 6 mm (a), 4 mm (b), and 2 mm (c)

a b c

Figure 4. a-c. AH Plus under dry conditions: 6 mm (a), 4 mm (b), and 2 mm (c)

a b c
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Adhesive materials are frequently studied by means of bond 
strength tests (8). Push-out testing has been used to evaluate 
the bond strength of different endodontic materials to the ra-
dicular dentin and is considered a reliable technique (8). The 
adhesive properties and penetrability of some sealers into 
the dentinal tubules have also been analysed. LSCM has been 
used for detailed image acquisition, rendering the detection 
of the distribution of these materials inside the dentinal tu-
bules of the root canal walls (18). As a result, LSCM is consid-
ered the ideal method for analysing the adaptation and pene-
trability of endodontic sealers (18). In addition, LSCM provides 
detailed information about the presence and distribution of 
sealers or dental adhesives inside dentinal tubules through-
out the total circumference of the root canal walls by using 
fluorescent rhodamine-marked sealers (13, 18). Consequently, 
this information could be efficiently obtained from LSCM im-
ages (13, 18).

In the present study, MTA Fillapex showed higher penetrabili-
ty values when compared with AH Plus, as confirmed by other 
studies (6, 19). Also, the penetrability of MTA Fillapex and AH 
Plus was not affected by moisture conditions, showing statisti-
cally significant difference (P<0.05). Therefore, the penetrabil-
ity of these sealers into the dentin tubules was greater at the 
6 mm level and lower at the 2 mm level. Based on the results, 
it has been observed that the penetrability of these sealers 
was higher in the absence of humidity. However, it was not 
sufficient to show a statistically significant difference. These 
results could be justified by the different composition and 
smaller particle size of MTA Fillapex, which has been correlat-
ed to greater flowability compared to AH Plus (19). In addition, 
this could be related to higher lateral condensation forces or 
due to the dentin structure in these parts of the roots (20). Fur-
thermore, MTA Fillapex has been correlated to a higher ratio of 
salicylate resin compared to MTA, which affects the chemical 
reaction among these components and explains the extend-
ed setting time of this material (21). This leads to dimensional 
changes and formation of gaps between root canal areas and 
filling materials (21). In our study, when considering the AH 
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Figure 5. a-c. AH PLUS under moist conditions: 6 mm (a), 4 mm (b), and 2 mm (c)

a b c

Figure 6. Types of failure mode related to the moisture conditions. 
AH: AH Plus; MTAF: MTA Fillapex

DISCUSSION 
Results of this study showed statistically significant dif-
ferences in the intra-tubular penetration and bond 
strength values of the endodontic sealers compared in 
this study. When considering the penetrability and bond 
strength of AH Plus and MTA Fillapex, the null hypothesis was 
accepted, because there was no statistically significant 
difference relat-ed to the humidity conditions on the 
properties of these seal-ers. In addition the moisture 
conditions did not affect the failure mode, confirming the 
null hypothesis of our study. 

Camargo et al. (15) explained the ethical aspects related to 
the use of extracted human teeth for scientific research and 
suggested the use of bovine teeth as an alternative to resolve 
these issues. Human teeth are morphologically and histologi-
cally similar to other mammalian teeth, but size and availability 
make bovine incisors preferable for research (16, 17). Therefore, 
the use of bovine teeth is an approved method in literature (15). 
According to Camargo et al. (15), bovine teeth show a signifi-
cantly higher number of dentin tubules compared to human 
teeth; however, no statistically significant difference associated 
with the diameter of dentin tubules, has been found between 
them. Nevertheless, some of the morphological differences 
between human and bovine teeth have been correlated to the 
faster development of these structures (18). 
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Plus sealer independently, it exhibited higher penetrability 
in the absence of humidity. These results could be explained 
by the hydrophobic nature of this sealer (11, 12). As both are 
resin-based sealers, excessive moisture contamination could 
decrease the monomer conversion, leading to incomplete 
resin polymerisation and affecting their sealing ability as a 
consequence (8). The resultant entrapment of water droplets 
between the sealer-dentin interfaces would also lead to dis-
ruption of the bond, possibly explaining their behaviour in the 
presence of humidity (8). Amoroso-Silva et al. (22) found that 
both sealers were statistically similar relative to their penetra-
tion into the dentinal tubules, showing a lower percentage of 
penetrability at the 2 mm level and the highest at the 6 mm 
level. Therefore, these authors suggested that AH Plus and 
MTA Fillapex had high flowability, facilitating their penetra-
tion into the dentinal tubules (22). These results are in contrast 
with other studies, where the moist conditions did not affect 
the sealing ability of AH Plus and MTA Fillapex at the apical 
level of the root canal (23, 24).

When compared with MTA Fillapex, the push-out test re-
vealed superior bond strength values for AH Plus irrespec-
tive of the moisture conditions. It was observed that the 
bond strength of these sealers was higher in the presence 
of humidity. However, it was not enough to show statistically 
significant difference. Studies have observed that these re-
sults are related to its capacity to interact chemically with 
the collagen network and form covalent bonds between the 
epoxy rings and the amine groups of the exposed collagen 
(25). Similarly, AH Plus has been associated with long-term 
stability and efficient cohesion between molecules, increas-
ing its micromechanical retention to the root dentin. Accord-
ingly, it has been suggested that it may be advantageous to 
leave root canals slightly moist before filling procedures to 
enhance the sealing properties of endodontic sealers (8). 
The findings of this study are in agreement with previous 
research, in which MTA Fillapex showed the lowest push-
out values (3, 20-21, 23, 25-27). Another study showed no 
difference between the bond strength values of AH Plus and 
MTA Fillapex (28). Thus, considering MTA Fillapex, a paste-to-
paste sealer, two chemical reactions have been identified as 
being responsible for the setting and physical-mechanical 
properties of this material: the progressive hydration of or-
thosilicate ions occurs followed by a reaction between MTA 
and salicylate resin (21, 27). This allows the formation of an 
ionic polymer containing calcium silicate particles, which 
reacts with water (7, 29). The final reaction leads to the for-
mation of calcium hydroxide and a nanoporous amorphous 
calcium silicate hydrate gel that polymerises and creates a 
solid network (29). Water diffusion into sealers may result in 
the deterioration of their physical-mechanical properties, re-
ducing the durability of the interfaces by hydrolysis and mi-
crocrack formation (30). However, water absorption could be 
beneficial because it promotes an expansion of the material, 
which may promote proper sealing (27). Therefore, the pres-

ence of moist conditions may have enhanced the chemical 
reactions between the sealer components. This may explain 
the results for the push-out test in the presence of humidity 
for MTA Fillapex. 

The analysis of the failure mode showed a majority of cohesive 
failures, irrespective of the moisture conditions. These results 
are in line with a study by de Paula et al. (23), wherein mainly 
cohesive failures of the filling materials were observed. There-
fore, in the AH Plus groups, many cohesive dentin failures were 
observed, while in the MTA Fillapex groups, only cohesive fail-
ures of the filling material could be identified (Figure 6). More-
over, as found by Nagas et al. (8), under dry conditions, the 
majority of specimens showed both adhesive failures at the 
sealer/dentin interface and cohesive failures within the seal-
er. Under moist conditions, the most common failure mode 
was adhesive failure along the sealer/core material interface. 
Regarding the types of failure identified in the push-out test, 
some studies have suggested that these results could be asso-
ciated with a higher resistance to the displacement of the fill-
ing materials, reducing the occurrence of interference at the 
dentin-sealer interface. Therefore, the observation of failures 
of the filling materials rather than of the dentin surface was 
expected (28). 

Conclusions
Based on the experimental methods and limitations of this 
study, the authors suggest that humidity conditions did not 
influence the intra-tubular penetration, bond strength and 
failure mode of AH Plus and MTA Fillapex sealers. Consequent-
ly, MTA Fillapex exhibited higher intra-tubular penetration val-
ues when compared to AH Plus, irrespective of the moisture 
conditions. Moreover, AH Plus showed bond strength values 
higher than MTA Fillapex, not being influenced by the mois-
ture conditions. The failure mode analysis identified a majority 
of cohesive failures. Further studies are needed to understand 
the influence of moisture conditions on intra-tubular penetra-
tion, bond strength and failure mode associated with AH Plus 
(AH) and MTA Fillapex (MTAF) to support these findings.
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