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Abstract

Tobon-Arroyave SI, Restrepo-Pérez MM, Arismendi-
Echavarria JA, Velasquez-Restrepo Z, Marin-Botero
ML, Garcia-Dorado EC. Ex vivo microscopic assessment of
factors affecting the quality of apical seal created by root-end
fillings. International Endodontic Journal, 40, 590-602, 2007.

Aim (i) To evaluate the incidence of microcracks
around root-end preparations completed with ultrasonic
tips and their relationship with the root filling technique
and thickness of surrounding dentine. (ii) To investigate
the effect of rapid exposure to a water-soluble dye of
Intermediate Restorative Material (IRM), Super Ethoxy-
benzoic Acid (sEBA) and Mineral Trioxide Aggregate
(MTA), on the marginal adaptation and microleakage of
root-end fillings. (iii) To describe the microstructure of
the surface of root-end filling materials.

Methodology Ninety-two single-rooted teeth were
divided into two groups (n = 46) according to the
root canal instrumentation/filling techniques. Group 1
consisted of specimens in which canal preparation
was completed using a crown-down technique and
then filled with the Thermafil system (TF group);
Group 2 consisted of specimens in which canal
preparation was completed using a step-back tech-
nique and lateral condensation (LC group). Following
root-end resection and ultrasonic cavity preparation,
the samples were further divided into three subgroups
(n = 24) for root-end filling with IRM, sEBA or MTA.
The ultrasonic preparation time was recorded. Eight
teeth were kept as positive and 12 as negative
controls. Following immersion in Indian ink for
7 days, all resected root surfaces were evaluated for
the presence of microcracks and the cross-sectional

area of root-end surface and root-end filling were
measured to evaluate the thickness of the dentinal
walls. Thereafter, the samples were sectioned longitu-
dinally so as to assess the depth of dye penetration
and marginal adaptation of root-end fillings. Negative
controls longitudinally sectioned were used to describe
microstructural characteristics of the root-end filling
materials using scanning electron microscopic (SEM)
techniques.

Results Although the thickness of dentinal walls
between groups 1 and 2 was similar, the ultrasonic
preparation time and number of microcracks were
significantly higher (P < 0.001) in the TF group. Both
groups had a significant correlation between micro-
cracks and ultrasonic preparation time (P < 0.001).
SsEBA and IRM had better adaptation and less leakage
compared with MTA. A SEM analysis displayed
microstructural differences between the root-end filling
materials.

Conclusion Microcracks can occur independently of
the thickness of dentinal walls and may be associated
with the prolonged ultrasonic preparation time
required for the removal of the root filling during
root-end cavity preparation. Although sEBA and IRM
had better behaviour than MTA regarding microleak-
age and marginal adaptation, it is possible that
exposure of MTA to a water-soluble dye before achiev-
ing full set and its porous microstructure contributed to
the results.
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materials.
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Introduction

One of the functions of a root-end filling material
during periradicular surgery is to provide an apical seal
at the root apex, thereby sealing the periradicular
tissues from egress of bacteria and bacterial by-products
from infected root canals. This goal is usually achieved
by preparing a root-end cavity and then filling it with a
biocompatible material (Abedi et al. 1995). Neverthe-
less, there are various factors that influence the sealing
ability of the materials, which include microcrack
formation (De Bruyne & De Moor 2005), microleakage
(Yaccino et al. 1999), marginal adaptation (Peters &
Peters 2002, Gondim et al. 2003) and the microstruc-
ture of filling materials (Yoshikawa et al. 1997).

The development of ultrasonic devices has allowed
improvement in the overall quality of the root-end
cavity (Kim 1997). However, the formation of micro-
cracks during and/or following ultrasonic root-end
preparation is a concern (Saunders et al. 1994, Layton
et al. 1996, Von Arx & Walker 2000, Navarre &
Steiman 2002, De Bruyne & De Moor 2005). It has
been stated that microcrack formation is a consequence
of the power of the unit, the time of application, the
presence of initial microcracks and the thickness of
surrounding dentine (Abedi et al. 1995). Furthermore,
the management of the resected root-end may be
influenced by the nature of the root filling (Taschieri
et al. 2004) that itself could be associated with micro-
crack formation. If the canal is filled with gutta-percha,
root-end cavity preparation is relatively straightfor-
ward, but when a plastic carrier is present considerable
effort could be required to remove it during root-end
cavity preparation (Baker & Oguntebi 1990, Taschieri
et al. 2004). However, the relationship between plastic
core removal and microcrack formation during peri-
radicular surgery is unknown.

Another approach to assess the sealing ability of a
root-end filling material is to determine the quality of
marginal adaptation. Although there is increasing
evidence suggesting that marginal adaptation is of
great importance in the success of periradicular surgery
(Stabholz et al. 1985, Peters & Peters 2002, Gondim
et al. 2003), some authors have expressed doubt about
the potential relation between them (Abdal & Retief
1982).

Many of the studies regarding sealing ability of root-
end filling materials have focused on the assessment of
microleakage. Microleakage, defined as the passage of
bacteria, fluids and chemical substances between the
root structure and filling material, has been evaluated
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ex vivo by numerous techniques (Yaccino et al. 1999),
which include passive penetration of dyes, such as
Indian ink (Andelin et al. 2002, Davis et al. 2003),
fuchsin (Gagliani et al. 1998), rhodamine (Kubo et al.
2005) and methylene blue (Aqrabawi 2000, Reeh &
Combe 2003), fluid perfusion tests (Taschieri et al.
2004, De Bruyne et al. 2005, Gondim et al. 2005),
bacterial penetration models (Adamo et al. 1999,
Scheerer et al. 2001) and capillary flow porometry
(De Bruyne et al. 2005, 2006). However, the results of
the many studies reported are often conflicting. It must
be considered that the results of laboratory studies are
dependent on the type of experimental model used and
the difficulty in the extrapolating the dynamic nature of
the leakage pattern between the tooth and the
periradicular tissues (Scheerer et al. 2001).

Scanning electron microscopic (SEM) analysis
appears to be an efficient and acceptable method of
examining features, such as surface topography, por-
osity and particle size of dental materials. Several
publications have discussed the marginal adaptation of
root-end filling materials (Fitzpatrick & Steiman 1997,
Peters & Peters 2002, Gondim et al. 2003, Shipper
et al. 2004) using SEM analysis, but only a few have
specifically assessed the porosity of MTA (Fridland &
Rosado 2003) and microstructure of zinc oxide—euge-
nol (ZOE) cements (Yoshikawa et al. 1997). However,
none have comprehensively discussed the sealing
ability of these materials, based upon a SEM analysis
of their microstructures.

Since its earliest report in the literature, MTA has
shown superior sealing properties to the other root-end
filling materials, including IRM and sEBA, with respect
to marginal adaptation and microleakage (Shipper
et al. 2004). However, MTA has also been criticized
in relation to the requirements of an ideal material in
two regards: difficulty to use and very slow setting time
(Lee 2000), which may contribute to a greater degree
of leakage (Reeh & Combe 2003), surface disintegration
(Yatsushiro et al. 1998, Davis et al. 2003) and loss of
marginal adaptation and continuity (Peters & Peters
2002) of the material.

The aims of this study were: (i) to evaluate the
incidence of microcracks around root-end preparations
completed with ultrasonic tips and their relationship
with the root filling technique and thickness of
surrounding dentine; (ii) to investigate the effect of
rapid exposure to a water-soluble dye of IRM, Super EBA
and MTA, on the marginal adaptation and microleak-
age of root-end fillings; and (iii) to describe the micro-
structure of the surface of root-end filling materials.
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Materials and methods

Tooth selection, storage and initial preparation

A total of 92 single-rooted maxillary and mandibular
human teeth freshly extracted for reasons that were not
related to this study were selected. The study con-
formed to the ethical guidelines of the Helsinki declar-
ation and was approved by the Institutional Research
Ethics Board (CIFO). Samples with immature apices,
root fractures, resorption, root caries, deep—root con-
cavities and root canal treatment were excluded. The
teeth were radiographed to determine the existence of a
single relatively straight canal and they were excluded
if radiographs demonstrated multiple canals or pulpal
obliteration. After extraction, the teeth were fixed in a
Karnowsky solution (2.5% glutaraldehyde + 2.0%
paraformaldehyde) diluted in a Sorensen phosphate
buffer (pH 7.4; 0.1 mol L™!) and kept at 4 °C in a
refrigerator for <4 weeks before use. Then, to remove
periodontal remnants, the teeth were placed into
5.25% NaOCl for 10 min and cleaned using ultrasonic
and hand scaling. The crowns were sectioned at the
cemento-enamel junction using a low-speed diamond
saw (Isomet®; Buehler Ltd, Lake Bluff, NY, USA) with
constant water irrigation. All specimens were screened
under x50 magnification using a Stemi 2000® stereo-
microscope (Carl Zeiss, Oberkochen, Germany) and
those teeth exhibiting cracks or fractured apices were
discarded. Thereafter, the roots were immersed in 0.9%
NaCl solution containing 0.02% thymol (Merck,
Darmstadt, Germany) to inhibit microbial growth in
individual numbered containers at 4 °C. Figure 1
shows the flow diagram of sample progress through
the phases of the experimental study.

Root canal preparation

Root canal treatment was performed by a single
operator (ZV) while holding the specimens in moist
gauze. The canals were instrumented to within 1 mm
of the root apex with 2.5% NaOClI irrigation between
each file. The samples were divided randomly using a
computer-generated randomization code into two
groups (n = 46) according to the root canal instru-
mentation and filling techniques as follows.

TF group

Canal preparation was completed using a crown-down
technique, and Ni-Ti ProFile® 0.06 Taper Series 29
rotary instruments (Dentsply Maillefer, Ballaigues,
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Switzerland). The instruments were mounted in a
reduction handpiece with a 16 : 1 ratio powered by an
electric motor ATR-Tecnika® (Dentsply Maillefer, Tulsa
Dental, Tulsa, OK, USA) set at 300 rpm. All root canals
were dried with paper points and then filled with a
carrier obturator (Thermafil® Dentsply Maillefer) and
root canal sealer (Top Seal® Dentsply Maillefer). Ver-
ifiers (Dentsply Maillefer) were used to confirm the
appropriate size for filling the canal.

LC group
Root canals were instrumented using a passive step-
back technique, with a minimum master file size of 30
(Flexofile®; Dentsply Maillefer). After instrumentation,
the canals were dried with sterile paper points, and
filled with gutta-percha and root canal sealer (Top
Seal® Dentsply Maillefer) using a cold lateral compac-
tion technique.

The coronal opening for each canal was sealed with
a resin modified glass—ionomer cement (Vitremer®; 3M
Health Care, St Paul, MN, USA) and subsequently, all
teeth were stored at 37 °C and 100% humidity to allow
complete setting of the sealer.

Root-end preparation

All root-end procedures were performed by a single
investigator (ST) using high-resolution surgical bin-
ocular loupes (x6.0 magnification) fitted to a fibre optic
headlight (Heine Optotechnik®, Herrsching, Germany).
Approximately 3 mm of the root apex was resected (0°
bevel) using sterile water-cooled diamond finishing
burs (Perioset® No. 575; Intensiv, Viganello, Switzer-
land) at high speed. Thereafter, each root-end surface
was inspected by a trained research associate (MR) at
x40 magnification using a stereomicroscope to ensure
that no cracks were present after the root-end resec-
tion. Preparation of the root-end cavities was performed
using diamond ultrasonic retrotips (DFy-908 double-
angled files with 0.8-mm shanks, ENAC-OE505S®;
Osada Electric Co. Ltd, Los Angeles, CA, USA) at the
intensity prescribed by the manufacturer (power 8 at
power mode VIB). A feather-like back-and-forth motion
was applied with slight coronal pressure and tap water
cooling. The length of the retrotip (3 mm) determined
the depth of the preparation and the final diameter was
determined by the circumferential movement carried
out to complete the entire preparation. The time
required to prepare the root-end cavities was recorded.
The preparations were sprayed with a water stream for
5 s and then dried with sterile paper points. The teeth
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92 single-rooted teeth selected
11 Maxillary incisors
14 Mandibular incisors
8 Maxillary cuspids
10 Mandibular cuspids
2 Maxillary premolars
47 Mandibular premolars

Root canal preparation

46 Assigned to TF group —|

J 92 Included in microcracks
Root-end preparation — preliminary stereomicroscopic
evaluation

46 Assigned to LC group

Root-end filling

24 assigned to receive IRM

24 assigned to receive sEBA

84 Included in radiographic
assessment
(positive controls excluded)

24 assigned to receive MTA

12 Negative controls
Four IRM subgroup
Four sEBA subgroup
Four MTA subgroup

Eight Positive controls with no
root-end filling

92 Included in microcracks end
point stereomicroscopic
evaluation
(none excluded)

Immersion in Indian ink —

Embedding and longitudinal sectioning

84 Included in marginal adaptation

92 Included in microleakage

of root-end filling
stereomicroscopic evaluation
(positive controls excluded)

stereomicroscopic evaluation
(none excluded)

12 Negative controls Included in
SEM evaluation

Figure 1 Flow of samples through the trial.

were kept wrapped in moistened gauze during the After root-end cavity preparation, the resected sur-
entire root-end preparation procedure, exposing only faces were again examined for microcrack formation by

the surface of the resected root-end. the same examiner (MR) under a stereomicroscope at
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x40 magnification. The observations were repeated
with at least a 1-week interval with a sensitivity
(proportion of the roots containing cracks that were
correctly diagnosed as having cracks) of 91%, specif-
icity (proportion of the roots without cracks that were
correctly diagnosed as not having cracks) of 95% and
accuracy (proportion of the diagnoses that agreed with
the known root condition) of 93% (Slaton et al. 2003).

Root-end filling

The prepared teeth in each main group were again
randomly divided into three subgroups (n = 24) with
respect to the root-end filling material to be used and
mixed according to manufacture’s recommendations:
(i) IRM Caps (Caulk Dentsply; Mildford, DE, USA) placed
into the preparation using a Messing® syringe (Union
Broach; Moyco Ind., Emigsville, PA, USA), condensed
with Buchanan pluggers PLGRF1® (Hu-Friedy, Chi-
cago, IL, USA) and finished with diamond finishing bur
(Perioset® No. 575; Intensiv) at high speed after
setting. (ii) sEBA fast set (Bosworth; Skokie, IL, USA)
placed with a plastic instrument, tamped down with
Buchanan pluggers and finished in the same manner as
IRM samples. (iii) MTA Tooth Coloured (Pro-Root®:
Caulk Dentsply) placed with a plastic instrument,
tamped down with Buchanan pluggers and finished
with a moistened gauze. After finishing of each root-
end filling, the material was allowed to set for 30 min
and a new radiograph was taken to verify its uniform-
ity and density. Three layers of nail polish were applied
to the external surface of all roots except at the resected
root surface.

The negative controls for each subgroup consisted of
four teeth prepared and filled with different techniques
as described (n = 12), but their entire root surfaces
were covered with three coats of nail polish. Further-
more, eight instrumented roots were used as positive
controls. These samples were prepared as in the
experimental groups, except no root-end fillings were
placed.

Microcracks, microleakage and marginal adaptation
assessment

The samples were submerged in Indian ink (Higgins
No. 4415%; Sandford, Bellwood, IL, USA) for 7 days at
37 °C and 100% humidity. Thereafter, the roots were
removed, rinsed with distilled water and air dried. The
nail polish was removed using 2% acetone. A single
calibrated investigator (MR) performed blind assess-
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ment of the root-end surface by using an image
analyser system (AxioVision 3.1®; Carl Zeiss) fitted to
a stereomicroscope. Images were calibrated using a
microscope ocular micrometer (Carl Zeiss) as reference,
which was put into the computer programme.

To detect any microcracks occurring before and after
root-end filling, stained root-end surfaces were evalu-
ated at x40 magnification. Microcracks were thus
categorized based on previously defined criteria (Rain-
water et al. 2000), as: intracanal cracks (those that
originate within the canal and extend into the dentine),
extracanal cracks (those that originate on the root
surface and extend into the dentine) and communicating
cracks (those that extend from the root surface to the
canal).

Furthermore, the cross-sectional areas of the root-
end surface (Ry) and root-end filling (Re;) were meas-
ured in mm? to obtain the Re: Res ratio so as to
evaluate the thickness of the dentinal walls using the
following equation:

Rer area

Rer : Reg ratio =
Res area — Ref area

After a digital record was taken, the samples were
embedded in acrylic resin (Veracril®, New Stetic,
Medellin, Colombia) and sectioned longitudinally into
two halves using a low-speed diamond saw (Isomet®)
with constant water irrigation. Each surface was gently
polished for 1 min through 3, 1, and 0.5-um fine
abrasive papers (Diamond Lapping film/PSA®] EMS,
Fort Washington, PA, USA) with light finger pressure.
The polished surfaces were washed with distilled water,
air dried and examined at x50 magnification to assess
the depth of dye penetration and the marginal adap-
tation of root-end filling materials.

To assess microleakage, the total length of the root-
end filling and the depth of dye penetration along the
interface of the root-end filling and root canal wall for
both halves of each root were recorded in millimetres.
The largest measurement for each root was used as the
leakage value. As not all of the root-end cavities were
exactly 3 mm deep, the dye leakage data were conver-
ted to percentages by dividing the length of the leakage
by the length of the root-end filling, to nullify the effects
of variable lengths.

Marginal adaptation was categorized following a
previous description (Peters & Peters 2002), as
continuous margin (no gap visible between root-end
cavity wall and filling material), overfilled margin (filling
material covers interface between filling and dentine),
underfilled margin (surface of filling material below level

© 2007 International Endodontic Journal
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of surface of resected root-end) and noncontinuous
margin (gap apparent between root-end cavity wall
and filling material).

SEM evaluation

All negative controls (n = 12) sectioned longitudinally
were used to describe microstructural characteristics of
the root-end filling materials. The samples were rinsed
with distilled water, air dried, mounted on stubs and
gold-coated (30 nm thick) with a Desk II® (Denton
Vacuum, Moorestown, NJ, USA) ion-sputter coater.
Samples were then stored in a desiccating cabinet until
evaluated using a JSM-5910 LV® (JEOL Ltd, Tokyo,
Japan) electron microscope. The specimens were intro-
duced in the SEM column under 13-20 kV power,
maintained at high vacuum conditions (10~° Torr) and
observed at x9500 magnification. A descriptive analy-
sis of the micrographs was performed.

Statistical analysis

Data collected were analysed using SPSS 13.0% (SPSS
Inc., Chicago, IL, USA) statistical package. All param-
eters were tested for normal distribution using the
Shapiro—Wilk test. Because the results for each group
and subgroup did not follow a normal distribution
(except for length of the root-end fillings that showed a
pattern conforming to a normal distribution), the
variables (excluding the latter) were analysed using
nonparametric methods. In the bivariate analysis, chi-
squared tests were used to assess the statistical signifi-
cance of the effects of root canal preparation (LC or TF)
and root-end filling on the microcracks and marginal
adaptation respectively. To compare the R : R ratio,
microcracks per root-end surface, and ultrasonic pre-
paration time with respect to the root canal preparation
groups (LC or TF) the Mann—Whitney U-test was used.
Correlations amongst R : Res ratio and ultrasonic
preparation time with regard to microcracks were
assessed using Spearman’s rank correlation coefficient.
A parametric one-way analysis of variance (ANOVA) was
applied to determine differences amongst continuous

data of length of the root-end fillings. The percentages of
microleakage related to the root-end filling materials
were compared using the Kruskal-Wallis and Mann—
Whitney U-tests. Statistical significance was established
at a value of P < 0.05.

Results

Radiographs revealed that all roots were prepared and
filled to the appropriate depth. No samples were
replaced or excluded from the study because of an
improper root-end filling technique. The comparison
between the R, : R.s ratio data obtained from the root
samples showed values ranging from 0.053 to 0.204
with a median at 0.094 for TF group, similar to the L.C
group (P = 0.773, Mann—Whitney U-test), where the
R : Ry ratio was distributed from 0.029 to 0.304 with
a median at 0.090. That is, each group comprised roots
with similar thickness of the dentinal walls which
varied from relatively low Ry : Res ratios (suggestive of
solid dentinal walls) to high R : R ratios (suggesting
thin dentinal walls).

Microcracks

None of the roots had visible cracks after root-end
resection. The time required to prepare the root-end
cavities and distribution of microcracks by experimen-
tal group are listed in Table 1. The median value of the
time required to prepare all cavities in the LC group was
significantly less (P < 0.001, Mann—Whitney U-test)
than that required for the TF group. After root-end
preparation a total of 34 roots exhibited cracks with
varied configurations (Fig. 2a—c). All cracks were
confined to the root-end surface with minimal cervical
propagation. None of the roots exhibited new cracks
after root-end filling. A significantly greater number of
roots with cracks (P = 0.005, chi-squared test) were
observed in TF group.

On the other hand the number of microcracks per
root-end surface were distributed from O to 6 with a
median at 0.5 and a mode of 1 for the TF group,
significantly greater (P< 0.001, Mann—Whitney U-test)

Table 1 Comparison of ultrasonic preparation time and distribution of microcracks by experimental group

Type of microcracks

Preparation time (min),

Root-ends with

Experimental group median (range) Intracanal Extracanal Communicating cracks n (%)
TF group, n = 46 1.3 (0.6-2.9) 24 2 3 24 (52)
LC group, n = 46 0.8 (0.3-2.0) 10 1 1 10 (21)

© 2007 International Endodontic Journal
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Figure 2 Photomicrographs of resected root surfaces showing
microcracks observed after ultrasonic cavity preparation/root-
end filling and immersion in Indian ink. (a) Intracanal crack
with a semilunar pattern (thin arrows) originated within the
canal and extends into dentine (LC group/IRM). (b) Extracanal
crack (thick arrow) developed on the root surface and extends
into the dentine. Synchronically three intracanal cracks (thin
arrows) are also seen in a branching pattern (TF group/sEBA).
(c) Communicating crack (thin arrow) extends from the root
surface to the canal (TF group/MTA). Original magnification
x40.

International Endodontic Journal, 40, 590-602, 2007

than the LC group where the microcracks were
distributed from O to 3 with a median at O and a
mode of 0. In addition, although there were significant
positive correlations (P < 0.001) between the number
of microcracks and the ultrasonic preparation time in
both TF (r = 0.915) and LC (r = 0.719) groups, no
correlation between the number of microcracks and the
Rer @ Reg ratio (r = —0.18, P = 0.297) was evident.

Microleakage

No test material was able to prevent microleakage, as
dye penetration was found in all 24 MTA samples
(100%), 22 IRM specimens (91.6%) and 12 sEBA root-
end fillings (50%). The pattern of leakage between MTA
and the other two materials was different. The leakage
for both IRM and sEBA was confined to a circumfer-
ential pattern, whilst MTA showed absorption of dye
throughout the root-end filling (Fig. 3a—c). In most
samples, the observed leakage extended in the apical to
coronal direction, although in some samples minimal
dye penetration into the dentinal tubules was also
noted. All positive controls showed leakage through-
out, whereas the negative controls showed no dye
penetration.

Results of the leakage test are summarized in
Table 2. Although no significant differences were
observed between the length of the root-end fillings
(P = 0.754, one-way ANovA), the percentages of leak-
age were significantly different amongst the three
subgroups (P < 0.001, Kruskal-Wallis test). A post
hoc Mann—-Whitney U-test demonstrated significantly
greater values in the MTA samples compared with the
other two materials (P < 0.001). Conversely, no
significant difference (P = 0.65) was observed between
the IRM and sEBA samples.

Marginal adaptation

Low magnification observation (x50) of the longitudi-
nally sectioned apical segments revealed variation
amongst root-end filling materials regarding marginal
adaptation (Fig. 3a—). The three materials exhibited
some marginal irregularity. IRM showed the best
uniformity of marginal adaptation and the greater
number of specimens with a continuous margin
(71.4%) whilst sSEBA had a greater proportion of
overfilled margins (46.4%). Conversely, MTA root-end
fillings had an initial ‘washing out’ of the material
before the final set, and exhibited the greatest number
of underfilled samples (53.6%) and noncontinuous

© 2007 International Endodontic Journal
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Figure 3 Longitudinal sections of the samples showing repre-
sentative features of the leakage pattern and marginal
adaptation observed for the three root-end filling materials.
Dotted lines represent the length of the root-end filling (blue)
and the depth of dye penetration (yellow) respectively. (a)
Example of an IRM root-end filling (TF group) showing a
continuous margin and minimal dye penetration in the apical
to coronal direction. (b) Example of a sEBA root-end filling (LC
group) with a continuous margin and a complete absence of
staining. (c) Example of a MTA root-end filling (TF group)
showing an underfilled margin and dye penetration through-
out the material until the depth of the cavity preparation.
Original magnification x50.

© 2007 International Endodontic Journal

Table 2 Results of dye leakage evaluation for the root-end
filling materials

Parameters

Length of the
root-end filling
(mm), mean (SD)

Percentage of
leakage,

Root-end filling median (range)

IRM (n = 24) 2.80 (0.31) 8.4 (0-77.4)
SEBA (n = 24) 2.80 (0.27) 1.1 (0-56.6)
MTA (n = 24) 2.85 (0.28) 100 (26.1-100)

margins (14.3%). A significantly greater percentage of
specimens with underfilled margin (P < 0.001, chi-
squared test) were observed in the MTA subgroup
compared with the other two materials; while no
significant differences were found in the percentage of
samples with continuous (P = 0.076), overfilled
(P = 0.108) and noncontinuous (P = 0.368) margin.

Microstructural findings

Scanning electron micrographs of the longitudinal
sections revealed different structural characteristics of
the root-end filling materials (Fig. 4a—c). Typical ima-
ges revealed that particle size varied from coarse (IRM
and sEBA) to fine (MTA). The surface of IRM was
comparatively flat, uniform and appeared to be con-
structed of many closely packed and splinter-shaped
interconnected crystals with scattered narrow voids of
varied configuration on the split surface (Fig. 4a). All
the samples filled with sSEBA displayed a rough surface
composed of sphere-like microparticles with multiple
voids between them along the split surface (Fig. 4b). On
the other hand, MTA samples had a more integrated
and highly fused surface texture characterized by the
presence of capillaries (Fig. 4c).

Discussion

Microcracks

The root apex of each tooth was sectioned with a
diamond finishing bur under water cooling. Even
though microcracks were not observed after root-end
resection, it could not be excluded that this might have
caused potential damage in the root, and disruptions
could have been made during resection that became
apparent during the cavity preparation procedure
(Rainwater et al. 2000).

The occurrence of microcracks during root-end
cavity preparation with ultrasonic tips has been

International Endodontic Journal, 40, 590-602, 2007
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Figure 4 Scanning electron micrographs of representative
polished longitudinal sections of root-end fillings. (a) Surface
of IRM showing closely packed and splinter-shaped intercon-
nected crystals with some spaces on the split surface. (b)
Structure of sEBA showing a rough surface composed of fine
and coarse sphere-like merged microparticles. (c) Capillary
structure of MTA; a highly fused surface texture is evident.
Original magnification x9500.

thoroughly investigated (Saunders et al. 1994, Abedi
et al. 1995, Frank et al. 1996, Lloyd et al. 1996, Min
et al. 1997, Rainwater et al. 2000, Navarre & Steiman
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2002, De Bruyne & De Moor 2005). However, only
partial information is available concerning formation of
microcracks following ultrasonic cavity preparation
when different root filling techniques are used. In this
regard, Onnink et al. (1994) reported that the number
of cracks may not be influenced by the root filling
technique. Although, in the present study, a signifi-
cantly greater number of microcracks were detected in
the TF group, it is not the obturation technique which
influences the amount of cracks, but probably the
increased time needed to remove the plastic carrier of
the Thermafil system from the root canal during root-
end cavity preparation. As the effectiveness of ultra-
sonic tips rely on thermoplasticizing the gutta-percha
(Abedi et al. 1995), an increased preparation time in
the TF group may weaken the dentinal walls. In
addition, the significant correlation between the num-
ber of microcracks and the ultrasonic preparation time
in both groups could explain, at least in part, the higher
incidence of crack formation with ultrasonic tips
observed by some authors (Abedi et al. 1995, Frank
et al. 1996, Min et al. 1997).

On the other hand, it is generally accepted that the
strength of a root-filled tooth is directly related to the
amount of remaining tooth structure (Zandbiglari &
Schifer 2006). In this study, each group comprised
roots with similar cross-sectional dimensions, which
eliminates the dimension variation factor. Although it
has been found that most cracks develop in the thinnest
walls surrounding root-end cavity preparations (Abedi
et al. 1995) or in small diameter roots (Frank et al.
1996), the lack of correlation between the number of
microcracks and the Ry : Ry ratio in this study
indicates that microcracks formation might be inde-
pendent of the thickness of surrounding dentine and
the cross-sectional area of the root-end cavity. These
findings are in agreement with those described by De
Bruyne & De Moor (2005) who found no indication of a
risk of more cracks on thin dentine walls during root-
end preparation.

Microleakage

Although dye penetration continues to be a method
used for leakage studies, a high degree of variation in
the results, which are often contradictory, has been
found even when the same materials and methods were
used. In this study, the dye penetration method was
selected as it detected pathways of leakage not only via
through-and-through voids but also by apical cul-de-
sac-type voids (Taschieri et al. 2004). Therefore, Indian
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ink was chosen because its particle size is larger than
other dyes (Ahlberg et al. 1995); some particles are
small enough to enter dentinal tubules (Youngson et al.
1998); it remains stable during the processing of the
samples (Zaia et al. 2002); and it allows quantitative
measurement of the extent of dye penetration by linear
measurements techniques (Ahlberg et al. 1995, Young-
son et al. 1998, Oztan et al. 2001). Other advantages of
using Indian ink are that it does not stain the dentine
and shows the leakage pattern only (Oztan et al. 2001).
In addition, it has been stated that bacterial ingress and
Indian ink penetration provided a similar rank order for
the sealing ability of the materials tested (Chong et al.
1995) thus detecting microleakage channels of similar
size (Youngson et al. 1998). Notwithstanding these
advantages, the ex vivo penetration of dye into canals
should not be considered to be directly comparable with
the in vivo leakage of irritants out of the root canal
system. Instead, dye penetration should be considered
as an indicator of the potential for leakage (Oliver &
Abbott 2001), because a filling material that does not
allow penetration of small molecules, such as dyes, has
the potential to prevent leakage of larger substances,
such as bacteria and their byproducts (Aqrabawi
2000).

Under the experimental conditions of this laboratory
study, the ZOE-based root-end fillings of sEBA and IRM
had significantly less leakage than MTA. These results
are different from those reported by others (Martell &
Chandler 2002, Gondim et al. 2005) who, using
different experimental conditions, observed that MTA
was significantly superior to ZOE-based root-end fillings
with respect to leakage. Nevertheless, in other studies
(Fogel & Peikoff 2001, Reeh & Combe 2003) MTA did
not resist leakage. According to the present results, it is
likely that exposure of MTA to a water-soluble dye
before achieving full set contributed to the greater
degree of leakage. Moreover, the dye penetration could
take place in the MTA root-end filling because it is a
hydrophilic aggregate material that requires moisture
for its setting reaction (Yatsushiro et al. 1998). This
may partly explain why the dye could penetrate the full
length of the MTA root-end fillings. Nevertheless, it
seems possible that further hydration of MTA powder
by moisture can result in an increase in compressive
strength and decrease in leakage (Kubo et al. 2005).
These results, however, should be interpreted cau-
tiously because, although in a clinical situation MTA
might be exposed to blood or saline contamination
before achieving full set, the evidence suggests that the
ability of MTA to set properly and to maintain an
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adequate seal should not be affected (Montellano et al.
2006). Moreover, Sarkar et al. (2002, 2005) demon-
strated that MTA has the ability to precipitate hy-
droxyapatite (HA) crystals in the presence of synthetic
tissue fluids, such as phosphate buffered saline, which
may be relevant in minimizing leakage thereafter.

Marginal adaptation

Marginal adaptation constitutes an indirect method to
compare the sealability of root-end filling materials
(Stabholz et al. 1985). The results obtained in the
current study show that the root-end filling materials
IRM and sEBA both gave better results than MTA in
terms of uniformity of marginal adaptation. According
to Fitzpatrick & Steiman (1997), the final smoothing
with a finishing bur over IRM and sEBA may produce
superior marginal adaptation and reduce the amount
of discrepancies in the height between the root-end
fillings and dentinal walls at the filling margins.
Conversely, MTA cannot be subjected to final smooth-
ing using finishing techniques because of its prolonged
setting time (3 h). The present results agree with those
described by Peters & Peters (2002) who described a
substantial number of overfilled sEBA and underfilled
MTA root-end fillings before and after occlusal loading
ex vivo. Other authors have also reported that the outer
layer of MTA dissolves in a moist environment,
resulting in the loss of a surface layer of the material
(Yatsushiro et al. 1998, Davis et al. 2003). However, it
must be kept in mind that under in vivo conditions, this
surface disintegration of root-end filling material might
not take place to such an extent or might be self-
limiting (Peters & Peters 2002). Furthermore, it has
been stated that a further expansion of the material
while setting in a moist environment can occur
(Gondim et al. 2003, 2005). Based on the data
presented herein, it is not possible to state which
factors may prevent or limit the loss of MTA and to
influence its clinical performance.

Microstructure

Microstructure of root-end filling materials has been
evaluated in some investigations in which it has been
observed that a degree of porosity is characteristic of
dental cements prepared by mixing powder and liquids
(Fridland & Rosado 2003). It is possible that there may
be some artefacts in the present microstructures (i.e.
volumetric shrinkage, dense/porous patches, voids,
gaps and microcracks), caused during sample proces-
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sing and SEM observation, that could obscure the
typical surface topography of the root-end filling
materials. Nevertheless, the representative images of
microstructures appear to be comparable with those of
the polished samples seen under stereomicroscope and
do not appear to be artefacts.

IRM is a polymethyl methacrylate resin-reinforced
7Z0E that sets by forming a chelate between two
molecules of eugenol and one molecule of zinc oxide
(Craig 1997). This chelate is known to hydrolyse in the
presence of water to release eugenol (Hashieh et al
1998) and, according to Belli et al. (2001), the voids
observed between zinc oxide particles are probably the
result of the high vacuum used for SEM and may
represent regions where eugenol evaporated. The
findings in this study are consistent with those
described by Yoshikawa et al. (1997) using the SEM
who observed that the spaces in the ZOE cements did
not pass completely through the sealer, allowing little
or no penetration of Indian ink. Furthermore, the
larger particles in IRM cement and the uniform surface
between zinc oxide particles may contribute to a less
microleakage and better marginal adaptation com-
pared with MTA.

On the other hand, sEBA is an aluminium oxide-
reinforced form of ZOE-based cement, which also
contains o-ethoxybenzoic acid. It is probable that
during the mechanical polishing procedure, the pres-
ence of brittle alumina particles had contributed to
increase the surface roughness in these samples.
Notwithstanding, despite this surface roughness, it
could be considered that a micromechanical interlock-
ing between SEBA particles and chemical bonding of
the cement to dentinal walls might play an important
role in microleakage resistance and good marginal
adaptation noted with this material.

Finally, in contrast to ZOE cements, the split surface of
MTA exhibited numerous pores and capillary struc-
tures, which could constitute an important cause of
leakage. Although Torabinejad et al. (1995) argued
that this porosity is due to the incorporation of
microscopic air bubbles during the mixing operation,
Fridland & Rosado (2003) observed that mixing MTA
and water forms a porous matrix which retains a
soluble fraction of calcium hydroxide that is able to be
transferred to an aqueous environment. Thus, an
important osmotic effect, which is dependent on the
amount of water, may be responsible for this porosity.
The fact that MTA releases calcium into these pores and
capillaries, helping initiate HA crystal formation, means
that these voids may fill with HA (Bozeman et al. 2006).
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Conclusion

Microcracks following ultrasonic preparation of root-
end cavities occurred independently of dentinal walls
thickness and may be associated with the prolonged
ultrasonic preparation time required for the removal of
root fillings during root-end cavity preparation.
Although sEBA and IRM had better behaviour than
MTA regarding microleakage and marginal adaptation,
it is possible that exposure of MTA to a water-soluble
dye before achieving full set and its porous microstruc-
ture contributed to the results.

Acknowledgements

This research was supported by the Research Develop-
ment Committee of the University of Antioquia (CODI-
Code 0032002).

References

Abdal AK, Retief DH (1982) The apical seal via the retrosur-
gical approach. Oral Surgery, Oral Medicine and Oral Pathol-
ogy 53, 614-21.

Abedi HR, van Mierlo BL, Wilder-Smith P, Torabinejad M
(1995) Effects of ultrasonic root-end cavity preparation on
the root apex. Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology and Endodontics 80, 207-13.

Adamo HL, Buruiana R, Schertzer L, Boylan R] (1999) A
comparison of MTA, Super-EBA, composite and amalgam as
root-end filling materials using a bacterial microleakage
model. International Endodontic Journal 32, 197-203.

Ahlberg KMF, Assavanop P, Tay WM (1995) A comparison of
the apical dye penetration patterns shown by methylene
blue and India ink in root-filled teeth. International Endo-
dontic Journal 28, 30—4.

Andelin WE, Browning DF, Hsu GHR, Roland DD, Torabinejad
M (2002) Microleakage of resected MTA. Journal of Endod-
ontics 28, 573—4.

Aqgrabawi ] (2000) Sealing ability of amalgam, super EBA
cement, and MTA when used as retrograde filling materials.
British Dental Journal 188, 266-8.

Baker PS, Oguntebi BR (1990) Effect of apical resection and
reverse fillings on Thermafil root canal obturations. Journal
of Endodontics 16, 227-9.

Belli S, Zhang Y, Pereira PNR, Pashley DH (2001) Adhesive
sealing of the pulp chamber. Journal of Endodontics 27, 521-6.

Bozeman TB, Lemon RR, Eleazer PD (2006) Elemental analysis
of crystal precipitate from grey and white MTA. Journal of
Endodontics 32, 425-8.

Chong BS, Pitt Ford TR, Watson TF, Wilson RF (1995) Sealing
ability of potential retrograde root fillings. Endodontics and
Dental Traumatology 11, 264-9.

© 2007 International Endodontic Journal



Tobon-Arroyave et al. Apical seal quality

Craig RG (1997) Restorative Dental Materials, 10th edn.
St Louis, MO: Mosby, 315 pp.

Davis JL, Jeansonne BG, Davenport WD, Gardiner D (2003) The
effect of irrigation with doxycycline or citric acid on leakage
and osseous wound healing. Journal of Endodontics 29, 31-5.

De Bruyne MAA, De Moor RJG (2005) SEM analysis of the
integrity of resected root apices of cadaver and extracted
teeth after ultrasonic root-end preparation at different
intensities. International Endodontic Journal 38, 310-9.

De Bruyne MAA, De Bruyne RJE, Rosiers L, De Moor R]JG
(2005) Longitudinal study on microleakage of three root-
end filling materials by the fluid transport method and by
capillary flow porometry. International Endodontic Journal
38, 129-36.

De Bruyne MAA, De Bruyne RJE, De Moor RJG (2006) Long-
term assessment of the seal provided by root-end filling
materials in large cavities through capillary flow porometry.
International Endodontic Journal 39, 493-501.

Fitzpatrick EL, Steiman HR (1997) Scanning electron micro-
scopic evaluation of finishing techniques on IRM and EBA
retrofillings. Journal of Endodontics 23, 423-7.

Fogel HM, Peikoff MD (2001) Microleakage of root-end filling
materials. Journal of Endodontics 27, 456-8.

Frank RJ, Antrim DD, Bakland LK (1996) Effect of retrograde
cavity preparations on root apexes. Endodontics and Dental
Traumatology 12, 100-3.

Fridland M, Rosado R (2003) Mineral trioxide aggregate
(MTA) solubility and porosity with different water-to-pow-
der ratios. Journal of Endodontics 29, 814-7.

Gagliani M, Taschieri S, Molinari R (1998) Ultrasonic root-end
preparation: influence of cutting angle on the apical seal.
Journal of Endodontics 24, 726-30.

Gondim E Jr, Zaia AA, Gomes BPFA, Ferraz CCr, Teixeira FB,
Souza-Filho FJ (2003) Investigation of the marginal adap-
tation of root-end filling materials in root-end cavities
prepared with ultrasonic tips. International Endodontic Jour-
nal 36, 491-9.

Gondim E Jr, Kim S, Souza-Filho FJ (2005) An investigation of
microleakage from root-end fillings in ultrasonic retrograde
cavities with or without finishing: a quantitative analysis.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology
and Endodontics 99, 755-60.

Hashieh IA, Camps J, Dejou ], Franquin JC (1998) Eugenol
diffusion through dentin related to dentin hydraulic con-
ductance. Dental Materials 14, 229-36.

Kim S (1997) Principles of endodontic microsurgery. Dental
Clinics of North America 41, 481-97.

Kubo CH, Gomes APM, Mancini MNG (2005) In vitro
evaluation of apical sealing in root apex treated with
demineralization agents and retrofiled with mineral trioxide
aggregate through marginal dye leakage. Brazilian Dental
Journal 16, 187-91.

Layton CA, Marshall JG, Morgan LA, Baumgartner JC (1996)
Evaluation of cracks associated with ultrasonic root-end
preparation. Journal of Endodontics 22, 157-60.

© 2007 International Endodontic Journal

Lee ES (2000) A new mineral trioxide aggregate root-end
filling technique. Journal of Endodontics 26, 764-5.

Lloyd A, Jaunberzins A, Dummer PMH, Bryant S (1996) Root-
end cavity preparation using MicroMega Sonic Retro-prep
Tip™. SEM analysis. International Endodontic Journal 29,
295-301.

Martell B, Chandler NP (2002) Electrical and dye leakage
comparison of three root-end restorative materials. Quintes-
sence International 33, 30—4.

Min MM, Brown CE, Legan JJ, Kafrawy AH (1997) In vitro
evaluation of effects of ultrasonic root-end preparation on
resected root surfaces. Journal of Endodontics 23, 624-8.

Montellano AM, Schwartz SA, Beeson TJ (2006) Contamin-
ation of tooth-colored mineral trioxide aggregate used as a
root-end filling material: a bacterial leakage study. Journal of
Endodontics 32, 452-5.

Navarre SW, Steiman HR (2002) Root-end fracture during
root-end preparation: a comparison between zirconium
nitride-coated and stainless steel microsurgical ultrasonic
instruments. Journal of Endodontics 28, 330-2.

Oliver CM, Abbott PV (2001) Correlation between clinical
success and apical dye penetration. International Endodontic
Journal 34, 637-44.

Onnink PA, Davis RD, Wayman BE (1994) An in vitro
comparison of incomplete root fractures associated with
three obturation techniques. Journal of Endodontics 20, 32-7.

Oztan MD, Ozgey E, Zaimoglu L, Erk N (2001) The effect of
various root canal sealers on India ink and different
concentrations of methylene blue solutions. Journal of Oral
Science 43, 245-8.

Peters CI, Peters OA (2002) Occlusal loading of EBA and MTA
root-end fillings in a computer-controlled masticator: a
scanning electron microscopic study. International Endodon-
tic Journal 35, 22-9.

Rainwater A, Jeannsonne BG, Sarkar N (2000) Effects of
ultrasonic root-end preparation on microcrack formation
and leakage. Journal of Endodontics 26, 72-5.

Reeh ES, Combe EC (2003) New core and sealer materials for
root canal obturation and retrofilling. Journal of Endodontics
28, 520-3.

Sarkar NK, Saunders B, Moiseyeva R, Berzins DW (2002)
Interaction of mineral trioxide aggregate (MTA) with
synthetic tissue fluid. Journal of Dental Research 81 (Spec
ISS A), A-391.

Sarkar NK, Caicedo R, Ritwik P, Moiseyeva R, Kawashima I
(2005) Physicochemical basis of the biologic properties of
mineral trioxide aggregate. Journal of Endodontics 31,
97-100.

Saunders WP, Saunders EM, Gutmann JL (1994) Ultrasonic
root-end preparation. Part 2. microleakage of EBA root-end
fillings. International Endodontic Journal 27, 325-9.

Scheerer SQ, Steiman HR, Cohen J (2001) A comparative
evaluation of three root-end filling materials: an in vitro
leakage study using Prevotella nigrescens. Journal of Endod-
ontics 27, 40-2.

International Endodontic Journal, 40, 590-602, 2007

601



602

Apical seal quality Tobdn-Arroyave et al.

Shipper G, Grossman ES, Botha AJ, Cleaton-Jones PE (2004)
Marginal adaptation of mineral trioxide aggregate (MTA)
compared with amalgam as a root-end filling material: a
low-vacuum (LV) versus high-vacuum (HV) SEM study.
International Endodontic Journal 37, 325-36.

Slaton CC, Loushine R], Weller N, Parker MH, Kimbrough WF,
Pashley DH (2003) Identification of resected root-end
dentinal cracks: a comparative study of visual magnifica-
tion. Journal of Endodontics 29, 519-22.

Stabholz A, Shani ], Friedman S, Abed ] (1985) Marginal
adaptation of retrograde fillings and its correlation with
sealability. Journal of Endodontics 11, 218-23.

Taschieri S, Del Fabbro M, Francetti L, Testori T (2004) Effect
of root-end resection and root-end filling on apical leakage
in the presence of core-carrier root canal obturation.
International Endodontic Journal 37, 477-82.

Torabinejad M, Hong CU, McDonald F, Pitt Ford TR (1995)
Physical and chemical properties of a new root-end filling
material. Journal of Endodontics 21, 349-53.

Von Arx T, Walker TA (2000) Microsurgical instruments for
root-end cavity preparation following apicoectomy: a litera-
ture review. Endodontics and Dental Traumatology 16, 47—62.

International Endodontic Journal, 40, 590-602, 2007

Yaccino JM, Walker WA III, Carnes DL Jr, Schindler WG
(1999) Longitudinal microleakage evaluation of super-EBA
as a root-end sealing material. Journal of Endodontics 25,
552-4.

Yatsushiro JD, Baumgartner JC, Tinkle JS (1998) Longitudinal
study of microleakage of two root-end filling materials using
a fluid conductive system. Journal of Endodontics 24, 716-9.

Yoshikawa M, Noguchi K, Toda T (1997) Effect of particle sizes
in India ink on its use in evaluation of apical seal. Journal of
the Osaka Dental University 31, 67-70.

Youngson CC, Glyn Jones JC, Manogue M, Smith IS (1998) In
vitro dentinal penetration by tracers used in microleakage
studies. International Endodontic Journal 31, 90-9.

Zaia AA, Nakagawa R, De Quadros I et al. (2002) An in vitro
evaluation of four materials as barriers to coronal micro-
leakage in root-filled teeth. International Endodontic Journal
35, 729-34.

Zandbiglari T, Schéifer E (2006) Influence of instrument taper
on the resistance to fracture of endodontically treated roots.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology
and Endodontology 101, 126-31.

© 2007 International Endodontic Journal



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



