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Objective  This study aimed to evaluate the existence of possible correlations among 
root canal configuration, quality of filling, and its sealability. 
Materials and Methods  Sixty human mandibular central incisors were selected for 
this study. The teeth were prepared with the Profile 04 system up to instrument 35/0.04 
and irrigated with 2.5 mL of 2.5% sodium hypochlorite at each instrument change. 
Root canal filling was performed by the lateral compaction technique, using gut-
ta-percha and an epoxy resin-based sealer (AH Plus) labeled with 0.1% Rhodamine 
B dye. Afterward, the specimens were submitted to fluid filtration tests to assess the 
sealability of the filling. Cross-sections were obtained at −3, −6, and −8 mm from the 
root apex and submitted to a metallographic treatment to determine the root canal 
configuration and the percentage of gutta-percha filled areas. The data were statisti-
cally analyzed by the Grubbs test. Pairs of correlations were analyzed by applying the 
Spearman test at a level of significance of 5%. 
Results  No correlation was observed among the analyzed variables as follows: root 
canal configuration versus filling quality (Spearman’s rho = 0.031); filling quality ver-
sus sealability (Spearman’s rho = 0.219); and root canal configuration versus sealabil-
ity (Spearman’s rho = 0.184). 
Conclusion  The root canal configuration did not affect the quality of the filling and 
its sealability. 
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Introduction
The main purpose of the endodontic treatment is to main-
tain or re-establish the health of periapical tissues by clean-
ing, shaping, and filling the root canal system.1,2 Cleaning is 
achieved by the associated use of endodontic instruments 
and chemical substances (irrigating solutions and intraca-
nal dressings).1 After, the root canal must be properly filled 
with inert materials (sealer and gutta-percha) in order to 
maintain the cleaning achieved at the previous stages.1,2 The 
root canal filling aims to trap the remaining microorganisms 
within the dentinal tubules to interrupt the supply of nutri-
ents necessary for their survival and avoid contamination or 
recontamination.2

Schilder3 and Epley et al4 have reported that the root canal 
filling must contain a greater amount of gutta-percha than 
sealer, filling the irregularities of the previously prepared 
root canal in its entire length. Therefore, the percentage of 
gutta-percha filled areas (PGFA) has been used to evaluate 
the quality of root canal filling.5

The quality of the endodontic filling may be also assessed 
by its sealability. For this reason, several leakage testing meth-
ods have been used, such as the dye penetration,6 clearing 
teeth clearing,6 radioactive isotope testing,7 bacterial pene-
tration,8 glucose leakage,9 electrochemical testing,10 and fluid 
filtration.11 The latter test has been claimed as the most reli-
able method for determining coronal and apical leakage in 
endodontics.11-14

The majority of studies which assessed the quality of root 
canal filling have been conducted so far in teeth with flat-
tened canals. Van der Sluis et al13 demonstrated that man-
dibular incisors had root canal filling with a larger number 
of voids, lower PGFA and higher leakage values than canines. 
Machado et al12 assessed the leakage rates and the presence 
of voids in filled mandibular incisors. In both studies,12,13 the 
leakage rates were not affected by the quality of filling. 
However, the root canal configuration was not considered as 
a primary factor for performing the analyses.

To the best of our knowledge, no research has been con-
ducted so far assessing the impact of root canal configura-
tion on the quality and sealability of filling. The purpose of 
the present study was to investigate the existence of a pos-
sible correlation among these three variables by means of 
analysis in pairs of the following factors: root canal circu-
larity, PGFA, and fluid filtration rates. The null hypothesis 
tested was that there would be no significant correlations 
among the three variables.

Materials and Methods
Specimen Selection
After approval of the Ethics Committee of the Pontifical 
Catholic University of Paraná, Curitiba, Paraná, Brazil (n. 
5314), 60 freshly extracted human mandibular central inci-
sors were selected. The selected teeth must have a single and 
straight canal, fully formed root with free foraminal access, 
and no signs of resorption or previous endodontic treatment. 
These features were confirmed by clinical analysis under 

magnification (×4) and radiographic examination in both 
buccolingual and mesiodistal directions.

Specimen Preparation
The crowns of the teeth were removed by using a low-speed 
steel cutting disc (Isomet-Buehler; Lake Bluff, United States), 
under copious water cooling, standardizing the length of the 
roots at 13 mm. Pre-flaring of the cervical and middle thirds 
of each root canal was performed with sizes 4, 3, and 2 Gates 
Glidden drills (Dentsply-Maillefer; Ballaigues, Switzerland) 
by introducing each instrument 2 mm deeper into the 
canal than the previous one. The working length (WL) was 
determined by inserting a size 15 K-Flexofile instrument 
(Dentsply-Maillefer) until it could be visualized at the api-
cal foramen and subtracting 1 mm from this measurement. 
Apical foramina were standardized by preparing the root 
canals in their real length up to a size 25 K-Flexofile instru-
ment (Dentsply-Maillefer). The mechanical preparation was 
performed with the Profile 04 System (Dentsply-Maillefer) 
up to size 35. The root canals were irrigated at each instru-
ment change with 2.5 mL of freshly prepared 2.5% NaOCl 
solution (Fórmula & Ação, São Paulo, Brazil), followed by a 
final flush with 3 mL of 17% ethylenediaminetetraacetic acid 
(Fórmula & Ação) for 3 minutes at the end of chemomechan-
ical preparation. In total, 5 mL of sterile water (Fórmula & 
Ação) were used as a final rinse.

Root Canal Filling
The previously prepared root canals were filled by the lat-
eral compaction technique. After drying with absorbent 
paper points (Dentsply-Maillefer), the active portion of a size 
20 K-Flexofile instrument was recovered with the sealer (AH 
Plus, Dentsply-DeTrey, Konstanz, Germany) to insert approx-
imately 10 μL into the canal under counterclockwise rotation. 
Previously, the sealer was labeled with 0.1% rhodamine B dye 
(Sigma–Aldrich, St. Louis, Missouri, United States) for further 
analysis by optical light microscopy.

A prefitted size 35/0.04 gutta-percha cone (Dentsply-
Maillefer) was used as the master cone. B8 accessory cones 
(Tanari, Manacapuru, Brazil) were used for lateral compac-
tion. The filled roots were stored at 37°C and 100% humidity 
for 7 days to allow the sealer setting. Specimens preparation 
and root canal fillings were performed by a single researcher 
and experienced endodontist (R.M.).

Analysis of Filling Sealability by Fluid Filtration Test
The fluid filtration test was used to determine the apical 
leakage. The root apex was connected to a Luer-type metal 
needle by means of a plastic tube. The margin allowed for 
leakage in the tested groups was quantified according to 
the movement of a small air bubble inside a 25 μL micro-
pipette (Microcaps-Fisher Scientific, Philadelphia, United 
States). The interior of the pipette and the entire system 
was filled with distilled water and a pressure of 10 psi was 
applied. After making sure there was no leakage in the con-
nections, the system was activated and balanced for 4 min-
utes. The volume of fluid was calculated by observing the air 
bubble displacements, expressed in μL/min-1 × 10 psi. The 
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measurements were performed at 2-minute intervals in a 
time interval of 8 minutes.

Analysis of the Root Canal Configuration by Calculating 
the Circularity Factors and Quality of the Fillings by 
PGFA Determination
Each specimen was horizontally sectioned at 3, 6, and 
8 mm from the apex by using a low-speed steel cutting disc 
(Isomet-Buehler). Three dentin slices per root were obtained, 
resulting in a total of 180 dentin slices. A standard polish-
ing procedure with a wet sandpaper in the following order 
of granulation (200, 300, 400, and 600) was performed 
under copious water cooling. Next, the coronal surface of 
each dentin slice was polished with a 3-μm diamond paste 
to produce a high-reflection surface. Each dentin slice was 
observed under a high-resolution stereomicroscope to 
acquire images at 1,048 × 1,048 pixels, covering the entire 
root canal (►Fig. 1A). For each image, the perimeter, largest 
diameter and PGFA were determined by using the AxioVision 
Software 4.11 (Carl Zeiss, Jena, Germany; ►Fig. 1B–D).

In order to determine the circularity factors, the fol-
lowing formula was used: 4 × canal area/π (3.14) × (largest 

diameter)2.15 The area occupied by gutta-percha was con-
verted into percentage considering the total area of the root 
canal.

For each specimen, three values were determined (one per 
third), for both the PGFA and for the circularity factors. By a 
simple arithmetic mean, a final single value was established 
for each variable.

Statistical Analysis
Initially, the normality of the data was tested by the 
Anderson-Darling test. The outlier values were identified 
by means of the Grubbs test, and pairs of correlations were 
analyzed by the Spearman test. All the analyses were per-
formed by using the software Minitab v. 17.0 (Minitab Inc.; 
State College, Pennsylvania, United States) at a level of signif-
icance of 5%.

Results
The analysis of the pairs of the assessed variables had no sig-
nificant correlation. Therefore, the null hypothesis tested was 
accepted (►Table 1 and ►Figs. 2–4).

Fig. 1 Illustrative optical images relative to the measurements performed: (A) root canal; (B) total cross-sectional area of the root canal;  
(C) longest distance between the root canal walls; and (D) areas occupied by gutta-percha.
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Discussion
The cleaning, shaping, and filling of flattened root canals 
represent a challenge to clinicians.16,17 Inaccessible areas to 
the endodontic instruments and chemical substances16 are 
improperly filled by sealer and gutta-percha.17 The purpose of 
the present study was to investigate the correlation between 
the root canal configuration and the quality of filling. Based 
on the results obtained, the null hypothesis tested was not 
rejected, as there was no significant correlation among the 
three assessed variables (circularity factors, PGFA, and fluid 
filtration rates).

In order to analyze the possible correlations among the 
variables of this study, both correct mathematical and sta-
tistical approaches were imperative. The circularity fac-
tors were established by the application of the following  
formula: 4 × area of the canal/π (3.14) × (largest diameter)2. 15  
A single numerical value was established for each tooth by 
an arithmetical mean of the three values obtained of each 
root third. The same rationale was used to determine a single 
value for PGFA. This strategy was established by virtue of a 
single leakage value existent after performing the fluid filtra-
tion test on each specimen to compare the data of all speci-
mens. Furthermore, from a statistical point of view, the use 
of a single large experimental group is an important experi-
mental design feature because standard correlation analysis 
posits that any random factor affects only one subject and 
not others.12 This requirement is violated when two or more 
different experimental groups are created. In fact, there is no 
rationale to justify the creation of two or three experimental 
groups when the main objective is restricted to verifying a 
potential cause-and-effect correlation.12 Therefore, since the 
attempt of this study was to verify a potential cause-and- 
effect correlation, a single sizeable group was created.12

Adequate filling of cleaned and shaped root canals should 
pack the maximum amount of gutta-percha into the canal 
and keep the amount of sealer to a minimum because most 
sealers shrink on setting and dissolve over time, while 
gutta-percha is highly dimensionally stable.18 Therefore, the 
PGFA was used to evaluate the quality of filling in the present 

Table 1  Variables (data), quantitative, and qualitative analyses 
of the assessed correlations

Variables 
compared
(data)

Correlation 
analysis values 
(Spearman’s rho)a

Correlation

Root canal  
configuration × 
filling quality
(circularity  
values × PGFA)

0.031 Not significant

Filling  
quality × sealability
(PGFA × leakage 
rates)

0.219 Not significant

Root canal  
configuration × 
sealability
(circularity values × 
leakage rates)

0.184 Not significant

Abbreviation: PGFA, percentage of gutta-percha filled area.
aValues close to 1 mean positive correlation.

Fig. 2 Correlation between the root canal configuration and fill-
ing quality obtained by assessing the circularity and percentage of 
gutta-percha filled areas values.

Fig. 3 Correlation between the filling quality and its sealability 
obtained by assessing the percentage of gutta-percha filled areas 
and leakage values.

Fig. 4 Correlation between the root canal configuration and filling 
sealability obtained by assessing the circularity and leakage rate 
values.
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investigation, as has previously been performed in several 
other studies.5,19

Different tests have been used to evaluate the sealing 
ability of endodontic filling materials.6-11 However, there is 
no universally accepted method for assessing leakage.20 The 
variety of methodologies and their assessment parame-
ters are the main reasons for this disagreement.20 The lack 
of standardization and the consequent noncomparability of 
leakage tests led to Wu and Wesselink21 questioning their rel-
evance and to recommend the use of a fluid filtration system 
to enhance the reliability of this type of research. In the pres-
ent study, the established fluid filtration model, as proposed 
and described by Wu et al22 was used. This method has been 
shown to be more sensitive than dye penetration.23

According to our results, the root canal configuration 
had no influence on the quality of the filling, as shown 
by the absence of correlation between the circularity and 
PGFA values (Spearman’s rho = 0.031). Studies have demon-
strated the limitations of the lateral compaction technique 
in filling oval-shaped root canals.24,25 Conversely, Weis et al26  
and Schafer et al27 reported no difference among the lateral 
compaction technique and others. The controversial results 
may be primarily credited to the anatomical complexity 
and distinct methodological designs (systems, instrumen-
tation techniques, etc.). Leoni et al28 assessed the mor-
phological characteristics of 100 mandibular central and 
lateral incisors using microcomputed tomographic imaging.  
At 3 and 5 mm from the root apex, mandibular central 
incisors showed areas and roundness values of 0.16 ± 0.12 
and 0.43 ± 0.22, 0.24 ± 0.20, and 0.39 ± 0.18, respectively. 
The study did not show values higher than 5 mm from the 
apex. In the present study, the root canal preparation was 
performed up to a 35/0.04 instrument at the WL (−1 mm 
from the apical foramen). Then, at −3, −6, and −8 mm from 
this root portion, the canals were prepared up to approxi-
mately 0.43, 0.55, and 0.60 mm2, respectively. This shaping 
process was responsible for the regularization of the root 
canal walls in terms of circularity, thereby increasing the 
filling quality.13,29

To enable leakage to be identified by fluid filtration 
method, there must be at least one continuous empty space 
between the apical and cervical root thirds.30 It means that 
to register fluid penetration or leakage values, the filling 
must have at least a continuous vacuum with an open 
extremity at the cervical portion and another at the api-
cal portion.30 Theoretically, the diameter of a continuous 
empty space may be estimated by using the Poiseuille  
formula: V = π P r4/8 L η, where P is the pressure, r is the 
radius of a continuous empty space (to be calculated), L is 
the length of the empty space, and η is the viscosity of the 
aqueous solution at ambient temperature.12,31 In the present 
study, all the specimens showed variable leakage rates; nev-
ertheless, the quality of the filling determined by the PGFA 
was satisfactory. The controversial data probably occurred 
because of the methodology used.30,32 Cross-sections from 
root canal thirds are not able to show continuous empty 
spaces in which the fluid might potentially run.30,32 For 
this reason, it was not possible to identify significant 

correlation between the quality of filling and their sealabil-
ity (Spearman’s rho = 0.219).

The root canal configuration also had no influence on 
the filling sealability by virtue of the absence of correla-
tion between the circularity and fluid filtration rate values 
(Spearman’s rho = 0.184). This result was probably also 
due to performing adequate fillings, therefore increasing 
their sealability.

In addition to the factors pointed out above, it must be 
emphasized that the sealer used in this study—AH Plus—is rec-
ognized for its excellent physicochemical properties.33-35 It is 
suggested by the authors that the flow ability and the dimen-
sional stability of this sealer positively affected the filling 
sealability.33-36

Conclusion
Within the limitations of this in vitro study, it could be stated 
that the root canal configuration did not affect the quality of 
the filling and its sealability.
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