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Abstract

Introduction: Root canal retreatment is challenged by the strong adhesion of sealers to dentin. AH-
Plus Bioceramic, an epoxy resin-based sealer containing calcium silicate components, could present
particular difficulty during removal. This study evaluated whether 5% formic acid with passive
ultrasonic activation (PUI) is as effective as 10% formic acid and 2% sodium hypochlorite (NaOCl)
in the removal of residual filling material of teeth obturated with AH-Plus Bioceramic sealer.
Materials and Methods: Thirty-three lower premolar roots were obturated with AH-Plus Bioceramic
sealer using a single-cone technique. After instrumentation with the Reciproc R40 file, the roots were
randomly assigned to three groups of final irrigation: 5% formic acid, 10% formic acid, and 2%
NaOCl, all combined with PUIL The volume of filling material was measured using cone-beam
computed tomography (CBCT) analysis at three stages: after obturation, after instrumentation for
retreatment, and after final irrigation with formic acid or NaOCl combined with PUI. Statistical
analysis included Friedman and Wilcoxon tests for intragroup comparisons and the Kruskal-Wallis
test with Dunn’s post hoc test for intergroup comparisons. Results: All irrigants combined with PUI
reduced the filling material volume with no significant differences among them (P>0.05). Conclusion:
Ultrasonically activated 5%, 10% formic acid, and 2% NaOCI showed similar removal of residual
filling material containing AH-Plus Bioceramic sealer.
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Introduction

Formic acid has been proposed as a solvent for retreatment
procedures in teeth obturated with calcium silicate-based

Non—surgical root canal retreatment aims to remove filling
materials and microorganisms from previously treated
canals using mechanical and chemical techniques [1]. However,
complete removal remains difficult, and treatment outcomes
depend on factors such as the type of sealer used [2, 3].

Calcium silicate-based sealers bond to dentin through
hydroxyapatite formation and penetrate dentinal tubules [4,
5]. When used with the single-cone technique, they result in
greater sealer volume, which complicates removal [6]. AH-Plus
Bioceramic (Dentsply Sirona, Charlotte, NC, USA), an epoxy
resin-based sealer containing calcium silicate components [7],
exhibits some of these characteristics, although it differs from
conventional hydraulic calcium silicate sealers.

sealers. Garrib and Camilleri [6] demonstrated that 10% formic
acid facilitates removal because this concentration promotes
dentin demineralization [8]. At higher concentrations in the
construction industry, it dissolves Portland cement, which has a
chemical composition similar to that of calcium silicate-based
sealers [6, 9]. In vitro studies have reported removal rates of up
to 95% [6], with minimal adverse effects on dentin [1, 6].
Although high concentrations of formic acid are cytotoxic [10,
11], lower concentrations may provide effective dissolution with
improved safety.

Passive ultrasonic irrigation (PUI) is the agitation of
irrigant solutions within the root canal system, wherein a small
tile or smooth wire oscillates freely to induce powerful acoustic
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microstreaming [12]. In the context of retreatments, PUI
increases the amount of filling material removed by generating
acoustic transmission within the solutions, which enhances
sealer detachment, particularly in areas inaccessible to
instruments [13, 14]. No studies have evaluated lower
concentrations of formic acid in association with PUT.

Therefore, this study aimed to assess whether 5% formic
acid combined with PUI is as effective as 10% formic acid and
2% NaOCl in removing filling material from teeth obturated
with AH-Plus Bioceramic sealer, using cone-beam computed
tomography (CBCT) for volumetric assessment. The null
hypothesis was that the PUT of 5% formic acid activation is as
effective as 10% formic acid and 2% NaOCI in reducing
residual filling material.

Materials and Methods

Ethical approval was obtained from the Institutional Research
Ethics Committee of Universidad Peruana Cayetano Heredia
(CIEI-464-43-23). The sample size was determined from pilot
data using Epidat 4.2 (Health Department, Xunta de Galicia,
Galicia, Spain), considering a mean difference of 1.905, a=0.05,
and a statistical power of 0.80. A total of 33 single-rooted
mandibular premolars extracted for orthodontic purposes were
included. Teeth presenting curvature greater than 10 [15],
calcifications, internal or external resorption, incomplete root
development, or previous endodontic treatment were excluded.
Radiographs in both projections confirmed eligibility. All
interventions were performed by the same operator (SGL).

The teeth were decoronated to a standardized root length of
14 mm. Following access preparation, canal patency was achieved,
and the working length was established 1 mm short of the apical
foramen. Instrumentation was performed to the working length
using a Reciproc R40 file (VDW, Munich, Germany) under
irrigation with 5 mL of 2% NaOCI. Final irrigation included 6 mL
of 2% NaOCl for 1 min, 1 mL of 17% EDTA for 3 min, and 5 mL
of saline solution for 3 min, all delivered through a 30G needle
positioned 1 mm short of the working length [6].

The canals were dried with paper points and obturated
using a single-cone technique with an R40 gutta-percha cone
(VDW, Munich, Germany) and AH-Plus Bioceramic sealer
(Dentsply Sirona, Charlotte, USA) to the working length. The
canal access was restored with Filtek Z350 XT resin (3M ESPE,
Minnesota, USA). Specimens were then stored at 37°C and
100% humidity in an incubator for one week.

After obturation, the resin restoration was removed. The
cervical one-third of the gutta-percha was removed using a

40/0.04 heat-activated plugger (Fast Pack, Eighteeth,
Changzhou, China), and the remainder was removed with a
Reciproc R40 file under irrigation with 2% NaOCI until the file
reached the working length. Apical patency was verified with a
#15 K-file, and canals were dried with paper points.

Then, the specimens were randomly distributed into three
groups (n=11):

1. 5% formic acid with PUI
2. 10% formic acid with PUI
3. 2% NaOCI with PUI (control group)

The PUI was performed with the gold tip (0.20, 2% taper,
18 mm) of the Ultra X ultrasonic device (Eighteeth,
Changzhou, China), positioned 2 mm short of the working
length and operated at a frequency of 45 kHz in high-output
power mode [16]. The tip was passively introduced into the
canal and kept centered with gentle pendulum movements
toward the polar areas, following the protocol described by
Crozeta et al. [13], to standardize the irrigation procedure and
ensure reproducibility of the experimental conditions.
Irrigants (formic acid and NaOCl) were applied at 0.3 mL for
2 min [1], followed by ultrasonic activation in three cycles of
20 sec each according to the protocol of Van Der Sluis et al.
[17]. Final irrigation consisted of 3 mL of 2% NaOCI for 1 min
and 3 mL of saline solution for 1 min [6].

The CBCT assessment was performed at three stages: after
obturation (for initial volume), after instrumentation for
retreatment, and after final irrigation with formic acid or NaOCl
combined with PUI (for final volume). CBCT scans were
obtained using a Planmeca Promax 3D CBCT Scanner
(Planmeca, Helsinki, Finland). Acquisition parameters included
an isotropic voxel size of 75 pm, a copper filter with 2.5 mm
aluminum, 90 kV, 6.3 mA, 15 sec exposure, 5 cm FOV, and 360°
rotation. Images were exported in DICOM format at a voxel size
of 0.15 mm (150 pm) and analyzed using ITK-SNAP 4.0
software (Penn Image Computing and Science Laboratory,
Penn, USA) [18]. The “Snake” semi-automatic segmentation
tool was applied to select hyperdense regions corresponding to
obturation material. The “Thresholding” mode was then set at a
minimum intensity of 2600 HU to identify hyperdense canal
contents. This threshold was established during a pilot
calibration study in consultation with an oral and maxillofacial
radiologist and was subsequently applied to all specimens to
ensure consistency in volumetric measurements. The “Bubble”
tool was used to quantify obturation material volume in mm?®.

Intraobserver reliability was assessed with the intraclass
correlation coefficient (ICC=0.9). All measurements were
performed by a single blinded evaluator (SGL).
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Statistical analysis

Data were analyzed using Stata 18 (StataCorp, College Station,
TX, USA). Normality was assessed with the Shapiro-Wilk test,
which indicated a non-normal distribution. Consequently, the
Friedman test was applied to compare filling material volume
across the three stages within each group, with pairwise
comparisons performed using the Wilcoxon signed-rank test.
Intergroup comparisons at each stage were conducted with the
Kruskal-Wallis test, followed by Dunn’s post hoc test.
Statistical significance was set at 5%.

Results

There was no significant difference among the use of 5% or
10% formic acid and 2% NaOCI with PUI in the removal of
filling material containing AH-Plus Bioceramic Sealer
(P>0.05). Additionally, a significant reduction in the volume of
residual filling material was observed when comparing initial
and final measurements for all groups (P<0.05) (Table 1).

Discussion

This study compared the removal of residual filling material
using 5% and 10% formic acid, or 2% NaOC], all with PUL The
null hypothesis was accepted since no significant differences
were observed among the groups. This finding suggests that a
lower concentration of formic acid may represent a safer and
more conservative alternative.

The clinical relevance of the present study lies in the effects
on dentin rather than systemic toxicity. Acidic solutions can
thereby
facilitating tubule cleaning and sealer filling material removal

alter dentin microhardness and permeability,
[1]. Garrib and Camilleri [6] previously reported that 10%
formic acid does not damage dentin, while Rezaei et al. [1]
demonstrated its effectiveness in opening and cleaning

dentinal tubules, leaving minimal debris. At 5%, formic acid

may provide similar efficacy with reduced potential adverse
effects. However, further studies are needed to investigate
dentin microhardness, collagen degradation, and cytotoxicity
after exposure to 5% formic acid. Previous studies have
suggested that formic acid may interact with calcium-
containing materials, producing soluble salts such as calcium
formate. The reaction of formic acid with calcium compounds
produces soluble salts such as calcium formate [6, 9, 19], which
could contribute to the removal of calcium silicate-based
sealers.

In addition, PUI may enhance irrigant penetration and
disruption of filling material through cavitation and acoustic
streaming may enhance this effect through cavitation and
acoustic streaming, disrupting sealer structure and improving
irrigant penetration [13].

However, because the present methodology quantified total
residual filling material volume and did not differentiate
between gutta-percha and sealer remnants, these mechanisms
should be regarded as potential explanations rather than direct
evidence derived from the present study.

The comparable removal achieved with 5% and 10% formic
acid suggests that both concentrations may be effective when
combined with PUI. Although the observed results may be
related to interactions between formic acid and calcium
silicate-containing materials, as well as the mechanical energy
generated by ultrasound, the present study was not designed to
distinguish the relative contribution of gutta-percha and sealer
removal. Therefore, any material-specific interpretation
should be made with caution. AH-Plus Bioceramic contains a
lower proportion of tricalcium silicate (5%-15% tricalcium
silicate) [7, 23], exhibits higher solubility [20, 21], and lower
bond strength [22] than conventional hydraulic calcium
silicate-based sealers. These properties may have influenced
the observed removal pattern, although this could not be

directly verified in the present study.

Table 1. Mean volume and standard deviation (mm?) of filling material at three stages (after obturation, after instrumentation, and after final

irrigation with PUI), according to experimental group

Group After obturation After instrumentation  After final irrigation with PUI Intragroup P-value
5% Formic acid 27.28 (7.85)4 1.54 (1.59)"® 0.39 (0.63)® <0.001*
10% Formic acid 24.78 (7.23)4 1.92 (1.62)"® 0.89 (1.43)® <0.001*
2% NaOCl 24.29 (9)4 0.96 (1.57)4B 0.14 (0.15)® <0.001*
Intergroup P-value 0.601 0.093 0.940

Different superscript letters within the same row indicate statistically significant differences among stages within each group (Friedman test with Wilcoxon signed-rank

post hoc test, P<0.05). Intergroup comparisons at each stage were performed using the Kruskal-Wallis test followed by Dunn’s post hoc test (P<0.05)
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The use of PUI was associated with increased filling
material removal compared with mechanical instrumentation
alone [13, 14]. Previous studies confirm that ultrasound
enhances irrigant action, raises solution temperature, and
[13, 24].
Although statistically significant intragroup reductions were
observed, the residual volumes were small. Therefore, the

facilitates detachment of obturation material

clinical relevance of these differences should be interpreted
with caution, as statistical significance does not necessarily
imply clinical significance.

The present study did not use a control group using
distilled water or saline, which represents a limitation. Future
studies should include a saline control group to isolate the
independent effect of PUI and assess applicability to sealers
with higher calcium silicate content. However; it is well-known
that the mechanical effect of ultrasonic tips cannot be
separated from the chemical action of the irrigants. In
addition, given that this was an in vitro study, the findings may
not be generalizable to sealers with higher calcium silicate
content. These findings should be interpreted with caution.

Another limitation of the present study is that CBCT
image analysis was performed using datasets exported at a
voxel size of 150 um, despite image acquisition at 75 pum.
Although this approach standardized image processing and
segmentation across all specimens, it may have reduced the
detection sensitivity for very small residual filling material
volumes. In addition, CBCT-based volumetric measurements
are susceptible to beam-hardening artifacts, partial-volume
effects, and threshold-selection bias [25]. To minimize
variability, a threshold value established during a pilot
calibration study was applied consistently to all specimens.
Nevertheless, the reported residual volumes, particularly the
smallest measurements, should be interpreted with caution.
Therefore, although significant differences were observed
among the experimental groups, the accuracy of very small
residual volume measurements may have been affected by the
inherent limitations of CBCT image segmentation. Future
studies using higher-resolution imaging techniques, such as
micro-computed tomography, are warranted to confirm
these findings.

Conclusions

The use of 5% formic acid with PUI demonstrated removal of
filling material containing AH-Plus Bioceramic Sealer
comparable to that achieved with 10% formic acid and 2%
sodium hypochlorite. Future studies should include a saline

control group to isolate the independent effect of ultrasonic
activation and assess applicability to sealers with higher
calcium silicate content.
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