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Resumo

Introdugdo: E necessario compreender se os cimentos de obturacdo bioceramicos sao retrataveis,
uma vez que s3o cada vez mais utilizados e, como se trata de um material recente, ainda ha
poucos estudos sobre a desobturagao, especialmente em canais ovais. Também s3o necessarios

mais estudos que mencionem o acido formico como solvente.

Objetivos: Avaliar a retratabilidade do bioceramico através da observacao dos parametros de

paténcia e percentagem de material remanescente.

Materiais e métodos: Uma amostra de 60 caninos foi dividida em dois grupos de retratamento,
sendo que num grupo se desobturou apenas com o sistema de limas e no segundo grupo se

utilizou o mesmo sistema de limas e acido férmico 10% como solvente.

Resultados: Estatisticamente n3o ha diferengas entre os dois grupos de retratamento em relagao
3 percentagem de remanescente. Porém, o grupo que utilizou acido férmico obteve paténcia em

toda a amostra. O significado estatistico foi considerado para p<0,05.

Conclusao: Nenhuma técnica foi capaz de remover completamente todo o material de obturagao
em toda a amostra. No entanto, o grupo que utilizou acido formico a 10% obteve dois dentes em
que a percentagem de remanescente era de 0%. S3o necessarios mais estudos que relatem a

utilizagao de acido formico como solvente no retratamento de bioceramico.

Palavras-chave: Bjoceramic, Single Cone Technigues, Retreatment, Cone Beam Computed

Tomography, Formic Acid, Solvent.
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Abstract

Introduction It is necessary to understand whether bioceramics are retreatable, as they are
increasingly being used and because it is a recent material there are still few studies on
desobturation, especially in oval canals. More studies that mention formic acid as a solvent are

also needed.

Objective To evaluate the retreatability of the bioceramic cements by observing the patency

parameters and the percentage of remaining material.

Materials and Methods A sample of 60 canines was divided into two retreatment groups in which
one group desobturation was performed only with a file system and the second group used the

same file system and 10% formic acid as a solvent.

Results Statistically there are no differences between the two retreatment groups regarding the
percentage of remnant. However, the group that used formic acid obtained patency in the whole

sample. Statistical significance was considered for p<0.05.

Conclusion No technique was able to completely remove all the filling material in all the sample.
Nevertheless, the group that used 10% formic acid obtained two teeth in which the percentage
of remnant was 0%. More studies are needed that report the use of formic acid as a solvent in

bioceramic retreatment.

Keywords Bioceramic, Single Cone Technigues, Retreatment, Cone Beam Computed Tomography,

Formic Acid, Solvent.
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1. Introduction

The purpose of non-surgical endodontic treatment (NSET) is the complete removal
of inflamed, necrotic, infected tissue, microorganisms and debris through instrumentation
and cleaning of the root canals, to allow for the three-dimensional obturation of the main
root canals and possible accessory and lateral canals in a hermetic way (1-4). According to
different articles, NSET has a high and predictable success rate of between 78 percent (%)
and 98%. However, failures in the procedure may occur and post-endodontic lesions may
develop (1,2,5,6). Treatment failures derive from different causes, some of which are: non-
instrumented or inadequately instrumented canals, poor aseptic conditions, obstructions,
iatrogenic errors, over and under filling, and poorly adapted restorations (1,2). Obturation is
crucial for endodontic success and the aim is to maintain the disinfection of the canals and
prevent bacterial contamination by resistant microorganisms to chemical-mechanical
preparation or from periradicular exudates (3,4,7,8). The effectiveness of the filling depends
on different factors such as the filling technique, the filling material, and the way it is
performed. Different filling techniques are described by several authors, most of them
reporting that both cold and hot compaction techniques can lead to the weakening and
damage of the root dentin, while single cone or passive compaction techniques do not cause
so much damage. However, all of them have their advantages and disadvantages.
Regardless of the obturation technique, the choice of the filling material also influences the
results. Commonly, a gutta-percha (GP) cone is used in combination with a filling cement.
These sealers can be divided by their chemical composition into zinc eugenol oxide, epoxy
resin, silicones, calcium hydroxide, glass ionomer, methacrylate resin or calcium silicate-
based cements such as mineral trioxide aggregate (MTA) and bioceramic based sealers

(1.3-6.9).

Bioceramic cements were developed around the 1980s; however, it was only a
decade ago that they were included in the endodontic market. These sealers have
revolutionized the endodontic area due to their physical, chemical, and biological

characteristics. In their composition, we can find the following components: calcium
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silicates, zirconium oxide, tantalum oxide, monobasic calcium phosphate, calcium
hydroxide, water-free thickening agents, and fillers, which offer advantages over the
cements normally used. They are biocompatible, bioactive, promote osteoconductivity, have
antibacterial action, promote pH increase, are non-retractable, stable in the biological
environment, and are not sensitive to humidity and blood contamination. There is
biomineralization through the formation of hydroxyapatite directly bonding the sealer to
the dentine, there is a slight expansion during hardening and when fully set, it is
dimensionally stable promoting an effective seal (1-13). According to the recommendations
of the manufacturers of the different brands of bioceramics, the single cone technique
should be used for obturation as it is a simple, time-saving, and effective technique due to
no retraction and for its small expansion. Some authors report that due to its characteristics
it is effective obturate the apical millimetres with bioceramic. However, the hot vertical
compaction technique is still widely used for fear of leaving gaps, especially in oval canals.
However, some studies relate heat with alterations in the properties of the sealer and

consequently a decrease in its resistance (3,4,8).

Although NSET is an effective treatment, failures may occur and, in these cases, the
first option is usually non-surgical endodontic retreatment (NSER), which has a success rate
between 78% and 80.1% (1,2,5,8). The goal of the NSER is to completely remove the
obturating material to be able to disinfect the entire canal, and for this reason, it is so
important to remove all the remnants to avoid a barrier between the irrigants and the
bacteria that may cause pathology, and also to recover patency (1,2,5,6,9—15). Different
retreatment techniques are used and over the years more techniques are studied. These
are: hand files, mechanized rotating and reciprocating files, chemical solvents like
chloroform, Endosolv R and E (Septodont, France), Eucalyptol, and the still little studied 10%
formic acid, also supplementary techniques of ultrasonic or laser assisted irrigation, and

finishing files like the XP-Endo® Finisher (FKG Dentaire SA, Switzerland) (5,10-12,14-16).

It is necessary to understand whether bioceramics are retreatable, as they are
increasingly being used and, since it is a recent material, there are still few studies on

desobturation, especially in oval canals (1,6,8,9,14).
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2. Objectives and null hypothesis

This study has two main objectives, being the first, to determine if there is more
facility in reaching patency in some group. The second objective is to determine if there is
any influence in using solvent in the removal of the bioceramic through the comparison of

the remaining volume.

The secondary objective is to compare if in the case of some group with more

easiness in reaching patency there would be less remaining material.

The null hypothesis (Ho): There is no difference in the removal of bioceramic sealer

between the group that does not use solvent (group 1) and the group that does (group 2).
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3. Materials and Methods

3.1 Bibliographic Research

A literature search was conducted on the PubMed database using the PubMed
Advanced Search Builder tool where four different searches (Table 1) were made with the
following keywords “Bioceramic”, “Single Cone Techniques”, “Retreatment”, “Cone Beam

Computed Tomography”, “Formic Acid” and “Solvent”.

The inclusion criteria were articles dated between 2012 and 2022 and in the English
language. After eliminating the articles that did not meet the inclusion criteria, 81 of the 85
total remained. After that, the articles were selected by title and abstract in the respective
search. Next, the duplicated articles and those without full access were eliminated, leaving
32 articles, that were selected for total analysis. They were read and accepted in view of
their interest and context for the study. Also, an article was added by another method.

Finally, 16 articles were selected for this ex vivo study (Figure 1).

Search No.  Keywords Combinations Number of Articles
1 “Bioceramic” AND “Single Cone Techniques” 47
2 “Retreatment” AND “Bioceramic” 34
“Retreatment” AND “Bioceramic” AND “Cone Beam
’ Computed Tomography” ’
4 “Retreatment” AND “Formic Acid” AND “Solvent” 1

Table 1. Research Keywords Combinations
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[ Initial Research (n=85) ]
Inclusion criteria:
l — 10 years
— English

[ Articles after the inclusion criteria (n=81) ]

|

[ Articles after reading the title (n=49) ]

l

[ Articles after removing duplicate articles (n=37) ]

l

[ Articles after removing articles without access ]

(n=32)

|

[ Articles removed by reading the articles (n=17) ]

l [ Article included via selected article bibliography (n=1) ]

[ Total of selected articles (n=16) ]

Figure 1. PRISMA Flow Diagram.
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3.2 Clinical Protocol

This regulated ex vivo study was approved by the ethics committee of the IUCS, CESPU,
Crl (11/CE-IUCS/2022) (Appendix 3).

3.2.1 Specimen Selection

One hundred and thirty-nine mandibular and maxillary permanent canines extracted for
unknown reasons were acquired, cleaned with 0.5% sodium hypochlorite solution (NaOCl),
and stored. Then, the teeth were evaluated according to visual criteria (Table 2) with 88
teeth remaining. After performing periapical radiographs (digital radiograph with Durr's
VistaScan Plus scanner phosphor plate) according to the radiographic criteria (Table 2), 62
teeth were in accordance. Of the 62 teeth, 60 were randomly selected to obtain a

homogeneous sample for this study and 2 were left as reserve.

The final sample was cleaned with ultrasonic devices. Then, the teeth were numbered

1-60, photographed, and stored appropriately (Figure 2).
The sample was divided randomly into 2 groups of 30 teeth each:

e Group 1: Canals obturated with TotalFill® BC Sealer with a single cone technique and
retreated using XP-endo® shaper and XP-endo® finisher files (Teeth 1-30).

e Group 2: Canals obturated with TotalFill® BC Sealer with a single cone technique
and retreated using XP-endo® shaper and XP-endo® finisher files with solvent (10%

formic acid) (Teeth 31-60).
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Visual Exclusion Criteria Radiographic Exclusion Criteria

-  More than one canal and immature

apex
- Extensive caries with crown/root
- Anatomical variations of the root canal
involvement
- Tooth with previous endodontic
- Visual external reabsorptions
treatment
- Restorations
- Radicular calcifications
- Multiradicular teeth
- Caries near the pulp
- Teeth anomalies (fusion, germination
- Dental fractures (horizontal or vertical)
and conoid tooth)
or dental cracks

- Internal reabsorptions

Table 2. Visual and radiographic exclusion criteria.

Figure 2. Final sample, Iabelled and stored
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3.2.2 Root Canal Preparation

The access cavity was performed with a spherical diamond bur attached to a high-
speed rotary instrument with water spray cooling on the palatal side above the cingulum.
After reaching the pulp chamber, the convenience cavity was performed with an endo-z
bur. Then a 10k file (Dentsply Maillefer Ballaigues, Switzerland) was introduced until the tip
was visible through the apical foramen thus confirming apical patency. Working length was
determined by subtracting 1 millimetre (mm) from the measurement obtained when the file

was in the apical foramen. Working length values range from 20 mm to 29 mm.

Figure 3. Race® Evo Sequences 6% mechanized file

The teeth were instrumented with the Race® Evo Sequences 6% mechanized file
system (FKG Dentaire SA, Switzerland) (figure 3). This rotatory system is composed of three
files of different calibres and tapers 15/04, 25/04 and 25/06, that were used in the
endodontic motor VDW Gold Reciproc (VDW GmbH Munich, Germany) (figure 4) using the
speed and torque recommended by the manufacturer (800 rpm/1.5 Ncm). The files were
inserted into the canal filled with irrigant in three in-and-out movements until the working
length (WL) was reached. After each file use, it was cleaned with a gauze pad soaked in
5.25% sodium hypochlorite (NaOCl). Each file was used fifteen times and then discarded.

The patency was reconfirmed with a 10k file after the end of instrumentation.
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Figure 4. Endodontic motor VDW Gold Reciproc

Between each instrumentation, 3 millilitres (ml) of 5.25% sodium hypochlorite
(NaQCl, PPH Cerkamed, Poland) was used and, after instrumentation, a final irrigation
protocol was performed with 5 ml of NaOCl 5.25%, 3 ml 17% ethylenediaminetetraacetic
acid (EDTA) (Endo-Solution Premium, PPH Cerkamed, Poland) followed by 3 ml saline
solution (NaCl 0.9%, B. Braun Medical Lda, Barcarena). All irrigants (Figure 5) were placed
into the canals with an irrigation needle (Miracle Endo Luer, Hager & Werken, 25G) at T mm

from the WL.

Figure 5. Irrigants used in the present study
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3.2.3 Root Canal Obturation

The canals were dried with 25-gauge paper cones (FKG Dentaire SA, Switzerland).
Apical calibration was performed with the help of manual k-files and confirmed with apical
pressure on the file. The apical size varies between 25K and 35K. Then, gutta-percha cones
25/04 (FKG Dentaire SA, Switzerland) were prepared. The gutta-percha cones were
calibrated with a calibrating ruler (Dentsply Maillefer, Ballaigues, Switzerland) with the
specific size for each tooth. After that, the corresponding working length was marked on
the cone and the apical 2 mm of the cone were cut with a scalpel to obturate the apical 2

mm of the root canal only with bioceramic.

According to the recommendation of the manufacturer, we performed obturation
with single cone technique. First, the bioceramic cement TotalFill® BC Sealer (FKG Dentaire
SA, Switzerland) (Figure 6) was directly placed in the canal with the help of disposable BC
Tips (FKG Dentaire SA, Switzerland). The tip was placed 3mm from the apex and injected
gently until the cement was visible exiting the apical foramen after removing the tip from
the canal and continuing to inject the bioceramic up to the coronal third to ensure complete
filling of the canal. Then, the gutta-percha cone previously calibrated was covered with this
cement and inserted in the canal up to the spot previously marked on the cone. Afterwards,
and with the help of a heated condenser, the excess gutta was removed at the level of the
cementoenamel junction followed by compacting with a plugger. Excess cement in the pulp
chamber was removed with a moist cotton ball. A dry cotton ball was placed at the canal
entrance and a temporary restorative material (Cavit®, 3M ESPE, St. Paul, MN, USA) was
placed. The teeth were stored in a temperature and humidity controlled environment

(37°Celsius (°C), 100% humidity) for two weeks.

10
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/ TotalFill®

1 BCSealer™” (29)
15 BCTips™

Figure 6. TotalFill® BC Sealer

3.2.4 Root Canal Retreatment

After two weeks, groups 1and 2, in which the protocol only differs in the use or not
of solvent, were removed from the incubator, the temporary restorative material (Cavit®)
was removed with a spherical diamond bur and with an ultrasound device and the cotton
ball was removed. Then, with a Race® Evo 25/06 file coupled to the VDW Gold Reciproc
endodontic motor, following the manufacturer's recommendations regarding speed and
torque (1000 rpm/ 1.4 Ncm), a hole was drilled in the centre of the gutta-percha in the
coronal third in order to obtain a hole that allowed the insertion of the tip of the XP-endo®

shaper file (FKG Dentaire SA, Switzerland) (Figure 7).

Figure 7. XP-endo® shaper file

11
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The file XP-endo® shaper 30 size and conicity 04 was coupled to the endodontic
motor previously used and following the manufacturer's recommendations regarding speed,
torque (2500 rpm/1 Ncm) and instrumentation. The tip of the file was placed in the cavity
previously made for it to be in contact with the gutta-percha with small movements of
back-and-forth and after the gutta was attached to the tip of the file, a small apical
pressure was performed until the WL or until resistance was felt. After the gutta was
removed, the pieces of gutta-percha that were wrapped around the file were removed and
cleaned with a gauze soaked in 5.25% sodium hypochlorite. After the gutta removal, the
XP-endo® shaper file was used twice up to the WL or, in cases with resistance, we tried to
reach the working length. After each insertion of the XP-endo® shaper irrigation using

5,25% NaOCl was performed.

In group 1 no solvent was used and in group 2 10% formic acid was used (dilution
of formic acid 85%, Guinama, Gutenberg, Prague, Lot n° 820420, Farmacia Vitalia, Porto)

(Appendix 4) as solvent (Figure 8).

Figure 8. Formic acid 10%. Solvent

12
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In the first group, the XP-endo® finisher file (FKG Dentaire SA, Switzerland) (figure
9) of 25 size and 00 taper was also coupled to the endodontic motor previously used and
following the manufacturer's recommendations regarding speed, torque (1000 rpm/1 Ncm)

and instrumentation.

In group 1, the file was placed in the canal until WL-1 mm or until it had resistance-
1 mm and then the file was activated and used for 1 minute with short back and forth

movements against the walls. This procedure was repeated three times.

In group 2, the canal was filled with 10% formic acid and the XP-endo® finisher was

used in the same way as in group 1. Always cleaning the file with gauze soaked in irrigant.

Next, the entire specimen was irrigated with 3 ml of saline solution and the canals
were dried with paper cones. After that, and with the aid of a 10k file, it was evaluated if

canal patency was achieved or not and recorded.

The XP-endo® shaper files were used on average ten times and the XP-endo®
finisher files on average fifteen times and were only discarded when any deformity was
visualized. All the samples were submitted to the same procedures and to the same amount
of irrigant (NaOCl 5,25%) that on average was 20 ml along all the process. To reduce work

errors, all endodontic procedures were performed by the same calibrated operator.

Figure 9. XP-endo® Finisher file
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3.2.5 Cone Beam Computed Tomography (CBCT) and Volumes Calculations

Throughout the procedure, three CBCTs were performed at different stages of the
study. The first one was performed at the end of the canal preparation, then at the end of
the filling phase and finally after the sample was desobturated to evaluate the remnants of
the materials. The sample was divided into floral sponges (It is a compound of phenol,
formaldehyde polymers, surfactants and wetting agents and it's invisible on CBCT) with 15

teeth each.

The parameters of CBCT with the Planmeca Romexis software (figure 10) were kept
the same in all scans: Width 668, Height 668, Number of slices 668, Voxel 150 pm, Voltage
90 kV, Current mA, Exposure time 14.97s, DAP 2005.0 mGyxcm?).

After performing the CBCTs, the volume of the teeth was evaluated using the
software: first the tool "Measure Cube" was selected, then the area of the amelodentinary
junction and the apical foramen was selected in the teeth in the sagittal section, and finally
the tool "3D Region growing" was selected and automatically the value of the pretended

volume was recorded.

4 FonsecaBruna
INV

Figure 10. Cone Beam Computed Tomography machine and parameters
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3.2.6 Statistical Analysis

Data was analysed with R, version 4.1.2 (R Core Team, 2021). Continuous variables
were assessed regarding normality with Shapiro-Wilk test, appropriate for sample sizes
lower than 50, and by observing histograms. Levene's test was used to assess variances
sphericity. After confirming normality and variance’s sphericity parametric statistics were
implemented. Means (M) and standard deviations (SD) were used to describe continuous

variables. Categorical variables were described as frequencies (n) and percentages (%).

Groups of retreatment association with patency were assessed with Fisher exact
test because chi-square assumptions were not met (no teeth of the Files system + formic
acid 10% were non-patent). The effect size was assessed with Phi (¢), considering 0.1 to

0.3 as weak effect, 0.3 to 0.5 as moderate effect and >0.5 as high effect size.

Percentage of remaining volume (cm3) was calculated as remaining volume/
obturated volume (cm?) x 100. T-test was used to compare percentage of remaining volume

(cm3) by group.

One-Way ANOVAs were used to compare the volume of the material removed (cm?),
remaining volume (cm?3) and obturated volume (cm?) by groups of retreatment. ANCOVAs
were used to compare the volume of the material removed (cm?), adjusted to remaining
volume (cm3) and obturated volume (cm3). Pearson correlations (r) were used to assess the
univariate association of the volume of the material removed (cm?3) with remaining volume
(cm3) and obturated volume (cm?3). The effect size thresholds were 0 < r < 0.3 (low), 0.3 < r
< 0.7 (medium) and >0.7 (high). Factorial ANOVA was used to compare the volume of the
material removed (cm?) by groups of retreatment and patency. Partial eta squared (np2)
was used to assess the effect size, considering 0.01 as a small effect size, 0.06 as a medium

effect size and 0.14 as a large effect size.

Statistical significance was considered for p<0.05.
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4. Results

Sixty teeth were divided into two groups of retreatment, 30 with the files system

and 30 with the files system and formic acid 10%.

Table 3 shows the initial and final work length split by groups of retreatment and
patency. In patency, initial and final work lengths are equal. In the 11 teeth retreated with
the files system where there was no patency, the mean difference between the initial and

final work length was 1.32 mm.

Files system +

Files system (n=30)
formic acid 10% (n=30)

No patency Patency No patency Patency

(n=11) (n=19) (n=0) (n=30)
Initial work length (mm) 24.82 (1.99) 24.61 (1.47) NA 24.33 (2.30)
Final work length (mm) 23.50 (1.97) 24.61 (1.47) NA 2433 (2.30)

Table 3. Initial and final work length (mm) split by groups of retreatment and patency
NA, not applicable; Results presented as means (standard deviations)

Association of patency with groups of retreatment was statistically significant
(p<.001), with effect size close to the higher bound (@=0.47), indicating a higher prevalence
of patency in the retreatment group of files system and formic acid 10% (100%), compared

to the files system group (63.3%) (Table 4).

Files system Files system + formic acid 10%
No patency 1(36.7%) 0 (0.0%)
p<.001(a), @=0.47
Patency 19 (63.3%) 30 (100%)

Table 4. Patency association with groups of retreatment.
(a) Fisher exact test
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Table 5 shows results of 1-way ANOVAs (model 1) for the volume of the material
removed (cm3), obturated volume (cm3) and remaining volume (cm?) and ANCOVAs for the
volume of the material removed (cm?) compared by groups of retreatment adjusted for
obturated and remaining volume (cm?). Volume of the material removed (cm?), Fuse=0.43,
p=.517, np>~0.00, obturated volume (cm3), Fuse=0.48,, p=.492, np?~0.00, and remaining
volume (cm?), Fuse=0.76, p=388, np?~0.00, were not significantly associated with the
groups of retreatment. After adjusting for obturated volume (cm?) and remaining volume
(cm3), the volume of the material removed comparison by groups of retreatment did not
show significant results, Fus7=0.07, p=.795, np*=0.00 and Fus71=0.34, p=.562, np’=0.01,
respectively. Obturated volume (cm3) was significantly associated with the volume of the
material removed (cm?), Fus7=214.86, p<.001, np?=0.79. Pearson correlation showed a
significant positive association between obturated volume (cm?), and volume of the material
removed (cm3), r=.890 (p<.001). No association was found between the remaining volume

(cm3) and the volume of the material removed (cm3) and correlation was also non-

significant.
Files system +
Files system
formic acid 10%
(n=30)
(n=30)
M SD M SD Model 7 Mode/ 2 Model 3
Vol. material Fr.s8=0.43, Fns71=0.07, Fns7=0.34,
0.040 0012 0038 0.012
removed (cm3) p=517,1p>=0.00  p=.795 np?=0.00  p=.562, np?=0.01
Rema]ning vol. F(1,58)=0.[18, F(1,57)=O.50
0.008 0.006 0.006 0.007 -
(cm3) p=.492, np?=0.00 p=.485, np>=0.01
Obturated vol. Fi58=0.76, Fns7=214.86,
0.047 0.012 004  0.015 -
(cm?) p=388,Mp>=0.00  p<.001, 1p>=0.79

Table 5. Volume of the material removed (cm?®) compared by groups of retreatment adjusted for obturated

and remaining volume (cm?3)
Vol., Volume; Model 1: unadjusted; Model 2: Volume of the material removed (cm?) adjusted to obturated

volume (cm3); Model 3: Volume of the material removed (cm?) adjusted to remaining volume (cm?); Results

presented as means (standard deviations)
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Files system +
Files system
formic acid 10%
(n=30)
(n=30)
M SD M SD t-test
15.82 1.24 12.90 12.40 ts9=0.96 (p=.343)

Table 6. Percentage of remaining volume (%) compared by groups of retreatment

No differences were found between groups, t(ss)=0.96, p=.343. The mean of

percentage of remaining volume (cm3) for files system was M=15.82% (SD=11.24). For files

system + formic acid 10%, the mean of percentage was 12.90 (SD=12.40).

Figures 11 and 12 show boxplots and observations distributed with a jitter function
to avoid overlap for volume of the material removed (cm?) and remaining volume (cm?)

compared by groups of retreatment. Distributions of these variables by groups of

retreatment show why ANOVA tests were non-significant.

0.081 Anova, p = 0.52
)
£
— .
-c *
2
2 0.06 .
£ .
o L ] L]
= o *, °
S . . s
E’r ° .' ’ ¢ 3
£ 0.04- — s . .
(] . . o*
& ’ <L
“6 : F . & . : i °
[ ° .
£ 0.02 * . .
S .
>

Files system Files system + formic acid 10%

Group

Figure 11. Volume of the material removed (cm?®) compared by groups
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Files system Files system + formic acid 10%

Group
Figure 12. Remaining volume (cm?) compared by groups (black dots identify outliers)

Table 7 and Figure 13 present the results of a factorial ANOVA to compare the

volume of the material removed (cm3) by groups of retreatment and patency. Because

patency prevalence in the group of files system + formic acid 10% is 100%, no interaction

was computed. Marginally significant results were detected for patency univariate

comparisons, Fus7=3.68 (p=.060), np?=0.06, with higher volume of the material removed

(cm3) in teeth with patency.

] Files system +
Files system
formic acid 10%
(n=30)
(n=30)

No patency  Patency No patency  Patency

Factorial ANOVA

(n=11) (n=19) (n=0) (n=30)
Group: Fns7=0.45 (p=.507), np?~0.00
Vol. material 0.035 0.043 0.038
. — - 2—|
removed (c¥) (0.01) (0.01) (0.012) Patency: Fis7=3.68 (p=.060), np>=0.06

Interaction: NA

Table 7. Volume of the material removed (cm?) compared by groups of retreatment and patency
NA, not applicable; Vol., volume; Results presented as means (standard deviations)
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Figure 13. Interaction of groups of retreatment and patency for remaining volume (cm?3)

Teeth with no patency Teeth with patency
(n=11) (n=49)
M SD M SD t-test
17.26 10.78 13.71 12.05 ts9=0.96 (p=.343)

Table 8. Percentage of remaining volume (%) compared by patency

References: R Core Team (2022). R: A language and environment for statistical computing.

R Foundation for Statistical Computing, Vienna, Austria.
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5. Discussion

This study evaluated the retreatability of the TotalFill® BC Sealer bioceramic by using
XP-endo® shaper and XP-endo® finisher files and the behaviour of 10% formic acid as
solvent. The parameters studied were patency and remaining volume in both groups. The
importance of this study is due to the fact that in the literature, no desobturation technique,

instrument or solvent has yet achieved the total elimination of this sealer (1,2,5,6,9-15).

After the analysis of the results obtained in this study, we can consider that the null
hypothesis "There is no difference in the removal of bioceramics between the group not

using solvent (group 1) and the group using solvent (group 2)" is accepted.

5.1 Consideration of the material used in the study

There are different brands of bioceramics, one of them is TotalFill® BC Sealer (FKG
Dentaire SA, Switzerland) which can also be found as EndoSequence® BC Sealer (Brasseler
USA, Savannah, GA, USA) and as iRoot SP (Innovative Bioceramix, Vancouver, Canada). These
bioceramics are described by the manufacturer as a pre-mixed, ready-to-use, injectable
bioceramic. It is a radiopaque, hydrophilic material that has a low contact angle which
allows it to adapt and spread easily into the canals. Thus, it is an excellent hermetic seal,
and depending on the dentin moisture, it can take between 4-10 hours to be completely
set. Although it is recommended by the manufacturer to obturate with a single cone
technique, several studies have reached different conclusions regarding the quality of this
obturation. Some report that the single cone technique obtains better results, but others
show no difference with the other filling techniques. However, this technique is favourable

because it is easier and faster to perform (1,3,5,6,8,11,12).

In this study, the XP-endo® shaper and XP-endo® finisher range of files were used
which present different characteristics from conventional mechanized files. According to

the manufacturer, the XP-endo® shaper file is a "one file shaper" and is the combination of
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two new advanced technologies, Maxwire and Booster Tip. The Niti Maxwire alloy provides
the file with superelasticity, shape memory and shape change with temperature. At room
temperature around 20°C the file is in the martensitic phase where the file is malleable, but
when inserted in the tooth and at body temperature around 35°C it changes to the
austenitic phase, in a superelastic state adapting perfectly to the canals and with more
cutting efficiency. This file has an incredible cyclic fatigue due to its reduced taper and
gauge. The Booster Tip technology allows 6 cutting points and also allows the
instrumentation to start with a size 15 and end with a size 30. The advantage of this file is
that it is conservative, does not remove unnecessary dentine, has good adaptation to canal
irregularities and removes debris effectively. The XP-endo® finisher file shares the same
technology as the Niti Maxwire alloy; what differs is that the XP-endo® shaper has cutting
ability and this, scraping ability. This is due to its 25 gauge, O taper and its spoon shape
(11,12,14).

Different studies have shown that organic solvents are excellent in dissolving gutta-
percha, but none are effective in removing these sealers. As the single cone technique is
often used, and especially in teeth with oval canals, the amount of bioceramic is greater
than gutta-percha, which makes desobturation even more difficult. For this reason, further
research has been conducted to come up with another way to facilitate the removal of the
obturating material. Through the knowledge of the chemical characteristics of this filling,
formic acid was suggested for showing the ability to dissolve Portland cement and due to
the fact that formic acid reacts with calcium silicate, thus removing the calcium and making
it soluble. Studies were carried out to try to understand the percentage and the time to use
in order to be effective but not cause structural damage to the dentin, and it was concluded
that it would be formic acid at 10% concentration and with 5 minutes of action. The 20%
concentration that was also studied was very aggressive and decreased the microhardness

of the dentin (15,16).

There are different ways to evaluate the quality of obturation and the amount of
obturating and remnant material, such as apical radiography, confocal microscopy, optical
microscopy and also scanning electron microscopy. However, these techniques have a
drawback which is the possibility of loss of remnant material and alterations of the sample,

mainly when making the sectional sections. Microcomputed tomography (micro-CT) and
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CBCT techniques have been increasingly used, as they allow the visualization of three
dimensional (3D) images of the sample (Figure 14). As they are non-destructive techniques,
it is possible to repeat images of the same sample, and through software it is possible to
measure volumes automatically, thus reducing errors in calculating the residual. One
advantage of CBCT over micro-CT is that it is incongruous to use it in a dental clinic,
although CBCT already has all the infrastructures and facilities for its installation in an office

(1.2,45,7,811-15).

Figure 14. 3D image corresponding to teeth 31-45 with remaining material

5.2 Comparison of the results

To evaluate the retreatability of the bioceramic cement, different protocols are
designed: in some removal is done until patency is obtained, and others follow the same
procedure for the whole sample, regardless of WL was reached or not. In the case of this
study the same protocol was followed for all groups, that is, the instruments were used in
the same amount of times and time as previously described. In order to evaluate the
retreatability of the bioceramic, in the apical 2 mm only bioceramic was presented. In group

1, in which only the file system was used, patency was achieved in 63,3% of the sample,
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that is, 11 teeth did not have patency. In these 11 teeth, it was measured with the help of a
10k file to which length the desobturation was. In average 1,32 mm apical were not able to
be re-treated. In group 2, in which 10% formic acid was used as solvent, there was patency
in 100% of the sample. Observing the value 1,32 mm, we can conclude that there was no
difficulty in removing gutta-percha, but it was hard removing bioceramic. Comparing group

1and 2, we conclude that using formic acid is more effective in achieving patency and WL.

Kakoura et al. evaluated the amount of remaining material and the restoration of
WL and patency with different sealers, BioRoot™ RCS (Septodont, France), TotalFill® BC
Sealer and AH26 (Dentsply Maillefer, USA). The Protaper Universal retreatment file (Dentsply
Maillefer, Switzerland) was used for retreatment and the canals were instrumented to
50/04. In the TotalFill® BC Sealer group, 100% patency was achieved. In this study,
retreatment was considered complete when the working length was reached and when no
material particles came out with the file. In terms of obturation, the gutta-percha cone was
up to the WL. The results of this study that only used one file system are largely due to the
protocol followed; however, the use of large size files takes away a large amount of dentin
(9). Unlike the previous study, Oltra et al. retreated until the WL was reached or resistance
was felt, and in these cases, they continued with another file to try to reach patency. In the
chloroform group, they achieved patency and WL in 93%, in the group that did not use
chloroform they only achieved patency in 14%. That is, there are better results in the group
that uses solvent, although chloroform is not 100% effective in the removal of bioceramic
(1). In another study, Baranwal et al. used 2 different types of files, NeoEndo retreatment
files (NeoEndo, Orikam Healthcare India Private Ltd.) and Protaper Universal Retreatment
system (Dentsply Maillefer, Switzerland), and tried to re-instrument until the working length
was reached, however, only 80% of the sample achieved patency and, in the group using
the NeoEndo file only 80% achieved WL (13). In contrast, Agrafioti et al. obtained other
results. In one group the cone was placed up to the working length and in the other group
2 mm behind. With rotatory instruments and with the use of chloroform, they uncovered
until reaching the WL and obtained patency, and they recorded the time. The group with
bioceramic was the one that took more time to obtain patency and within this group the
one which was obturated 2 mm from the apex was the one that took more time, about 6.24

minutes, demonstrating the difficulty of removing bioceramic (6).
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In this present study, the percentage of remaining material was also evaluated.
Some previous tables demonstrate the volumes of obturation, the volume of material
removed and also the material that remained inside the canal. However, the volumes
between each study group cannot be comparable as each tooth had a different volume. In
group 1, in which only the file system was used, the percentage of remaining material was
on average 15.82%. Within this group, teeth that obtained patency had 14.99% of remaining
material and teeth that did not obtain patency had 17.26%. In group 2, in which formic acid
was used, there was 12.90% of remaining material, but 2 teeth in the group reached a
percentage of 0% of remaining material. In group 1, the remnant values varied between
2.56% and 45.23% and in group 2, they varied between 0% and 59.46%. There are great
disparities in the values, what can be due to errors in the instrumentation and protocol
follow-up, alterations in the anatomy of the tooth itself or because the files that were used
were of small size and therefore, they wore out little in the coronal third, having more
accumulation in this place. In the comparison between obtaining patency and the volume
removed, it can be stated that when patency is obtained more material is removed and, in
this case, in group 1 with patency, more material was removed than in group 2. This can be
due to the fact that in group 1, patency was obtained using the XP-endo® shaper file and
thus there was more removal due to the use of files, while in group 2, some cases obtained
patency with the use of formic acid and the XP-endo® finisher that does not have wear

action, but scraping action, which does not remove much material.

A study by Rajda et al. compares teeth obturated with AH Plus and TotalFill® BC
Sealer and retreated with the Reciproc R25 file (VDW, Munich, Germany). The bioceramic
group represented the least amount of remnant. However, these values may be due to the
differences in volumes between teeth (2). Another study by Volponi et al. compared
different removal techniques in oval teeth and obturated with bioceramics. Among 3
supplementary techniques, the use of the XP-endo® finisher file was the one that obtained
the best results as in average 47.5% of the remnant was removed (11). Sinsareekul et al.
and Crozeta et al. also incorporated the XP-endo® finisher file in their protocol. The first
study agrees with the previous one as it defends that the file showed the best results in
desobturation. However, the second study showed that the use of the ultrasonic tip

removed almost 10% more material (12,14). In the study directed by Baranwal et al. two
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different systems were used, NeoEndo Retreatment file and also Protaper Universal Niti
rotatory, in which the most effective in removal was the NeoEndo system. When evaluating
the removal between the coronal and apical thirds, there was less remnant in the coronal
third in both due to the conicity of the files used (13). In Oltra et al. study, chloroform was
used as solvent and the percentage of volume between thirds was evaluated. It was verified
that in the group that used chloroform there was less remnant and the smallest amount of
material was in the coronal third. On the contrary, in the group without the use of solvent
the smallest amount was in the apical third (1). In the study of Garrib et al., in which formic
acid was used, the effectiveness of formic acid and EDTA 17% were evaluated as solvents.
The conclusion was reached that formic acid is effective in removal while EDTA is only

effective in smear layer removal (15).

Correlating these studies becomes difficult as they compare different materials and
different techniques. For these reasons more studies should be carried out and more
protocols established. However, they all reach the same conclusion, that no method is 100%

effective.

5.3 Limits of the study

The limitations of this study are mainly due to the sample size and for only using
canines as sample, which makes it impossible to directly reach conclusions as it would occur
in multiradicular teeth and also in teeth with more pronounced anatomies. Another
important limitation is that it is impossible to effectively reproduce the dynamics of the oral
cavity, such as temperature and humidity, which may change the way the bioceramic
adheres to dentin, and as the teeth used were not all extracted at the same time and for

the same reasons, structural changes in the dentin may have occurred.

In this study, we used the files more times than recommended by the manufacturer,
as mentioned before, so it was also possible to evaluate in a qualitative way their
performance, which showed that they have a longer working time than that mentioned;

However, they may have altered in some way the results obtained. The capacity of cut may
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have been lost and consequently it may have removed less material and also in a less
efficient way. Therefore, although they have a great cyclic capacity, they should be used as
recommended. From a qualitative point of view, in many cases it was reported that there
was a greater amount of material in the coronal third, which can also be correlated to the
files, even though they are of excellent quality and performance. They have a small taper,
which makes wear in the coronal third, which is generally the zone of greatest size, a little

more difficult.

A possible variable of error could also be the CBCT program in which in some cases
there was some difficulty in evaluating the desired volume; however, it is not significant in

the results obtained.

Besides all this, the use of formic acid is still little referenced, and in the research
carried out, only one article was found that mentioned it in the retreatment with bioceramic,

for this reason more studies are needed before this product is used in clinical practice.
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6. Conclusions

In conclusion, the null hypothesis was accepted, as statistically there is no difference
between the two study groups. However, the group that used solvent obtained better
results, and in 2 teeth it obtained total removal of the bioceramic, what demonstrates that

the use of solvent can facilitate the retreatment.

Regarding patency, the results are remarkable, since the use of formic acid helps a
lot in obtaining patency and reaching the working length, in which the result was 100%

when it was used.

In terms of volumes, there is no difference in the removal of bioceramic between

the two techniques.

Comparing the group with less percentage of material (group 2), it was easier to
reach patency. However, having less material can be related to the fact that it reached the
working length and patency. In terms of percentage in the teeth with patency, the
percentage of remnant is on average 13.71% and the teeth that did not have patency on

average have 17.26% remnant, although there is no statistical difference between them.
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8. Appendix

Appendix 1: Scientific Communication in Congress in E-Poster Form

Quantificacdo de material remanescente apos desobturacgao de
dentes obturados com técnica de cone iinico e cimentos
bioceramicos através do CBCT

Fonseca B.}; Miller P.?; Ferraz A.%; Bernardino P.*
1- Aluna do 5° ano do curso de M.I.M.D no IUCS
R-Professor auxiliar do IUCS
3-Assistente convidado do IUCS
4-Professor auxiliar convidado do IUCS

Introducgao
Os mais recentes materiais de obturac¢ao introduzidos na Endodontia foram os cimentos de obturagao bioceramicos que, dadas as
excelentes propriedades que possuem, sobretudo a sua excelente biocompatibilidade permitem uma obturagao com técnica de
cone Unico. Este cimento em contacto com a humidade da dentina tem a capacidade de formar hidroxiapatite a partir das ligagoes
de ibes de fosfato nos tubulos dentinarios. Esta forte ligagdo é benéfica aquando do selamento hermético dos canais, no entanto,
esté agora a ser questionado se é possivel a remogao total deste material com as técnicas hoje existentes.

Objetivo
O objetivo principal deste trabalho é avaliar a eficadcia de diferentes métodos na remogéo de cimentos de obturagao bioceramicos.

Materiais e Métodos
Foi realizada uma pesquisa na PubMed, utilizando as palavras-chave “Endodontics” AND “Root Canal Obturation” AND “Single
Cone Techniques” AND “Retreatment” AND “Bioceramics” AND “CBCT”. Inicialmente obteve-se 66 artigos, apds a aplicacdo de
diferentes critérios foram selecionados dez.

Discussao
ﬁ Objetivo do retratamento ‘ CBCT

- Remocao total do material obturador e cimento; -> Varias técnicas séo utilizadas para avaliar o

- Recuperar paténcia até ao comprimento de remanescente, no entanto, sdo bidimensionais

trabalho; néo sendo precisas na medic¢éo;

- Efetuar desinfegao eficiente dos canais;

- Promover a cicatrizacdo de tecidos periapicais; - 0 micro-CT e o corte longitudinal tém sido
bastante utilizados, mas apenas o CBCT consegue
detetar todo o comprimento do canal radicular;

Fig.1. Imagem representativa do CBCT e corte longitudinal, Oltra et al., 2017 :
‘ Técnicas de retratamento ﬁ Material remanescente

-> Limas manuais; - Em geral, o comprimento de trabalho tem sido

- Instrumentos de transporte de calor; alcancado;

- Solventes quimicos (acido férmico, cloroférmio, eucaliptol...);

-> Dispositivos ultrassénicos; - A remoc¢ao total nunca é alcangada;

- Laser;

- Instrumentos acionados por Motor (Brocas Gates - Dependendo das técnicas utilizadas a maior

Glidden, instrumentos rotatorios Niti); parte do material encontra-se no tergo coronal;
Conclusao

Os cimentos bioceramicos de obturacdo foram adicionados ao mercado hé relativamente pouco tempo e a sua remogao do sistema
de canais ainda nao reuniu consenso quanto ao protocolo. Ainda nenhum método é totalmente eficaz na remog¢ao destes cimentos e
por esse motivo é um assunto que necessita mais estudos cientificos.
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Quality of Root Canal Filling Using a Bioceramic Sealer in Oval Canals: A Thi Analysis. Eur J Dent. 2021;; 0. / 8.Rajda M, Mileti¢ I, Bar&i¢ G, Krmek 8J, 8njari¢ D, Baraba A. Efficacy of the Removal of Bi

Sontons: Viora CF Anyate Matouaa, BORL1A(310070./ 3, smmogha B Fimas 7. Arundases B Fatrostabiy of oot G Obhirated Doing GuttaPerea it Bioosramie MERs and Rosin. Bases estors. T o3 08y YOUE, D5, 10.Ehekow K5, Sttanovs VF. Revroutamitey of
Bioceramic Endodontic Sealers: a Review. Folia Med. 2020;62(R):R68-64.
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Appendix 3: Declaration of acceptance by the ethics committee

= cespu
INSTITUTO UNIVERSITARIO
' DE CIENCIAS DA SAJDE
Comiss3o de Etica
Exmo. Senhor Investigador
Prof. Doutor Paulo Manuel Cruz Miller
'N/Ref.*: CE/IUCS/CESPU-20/22 N Data: 2022/junho/06

Assunto: - Parecer relativo ao Projeto de Investigagae: 11/CE-IUCS/2022

- Titulo do Projeto: “Eficdcia diagndstica da fomografia computadonizada de feixe cdnico (CBCT) em
Endodontia”
= Investigador responsavel: Prof. Doutor Paulo Manuel Cruz Miller

Exmo. Senhor,

Informo V. Exa. que o projeto supracitado foi analisado na reunide da Comiss3o de Etica do IUCS, da CESPU,
Crl, no dia 02/06/2022.

A Comissao de Etica emitiu um parecer favoravel 3 realizag3o do projeto tal como apresentado.

Com os melhores cumprimentos.

ori ;-1

Rua Cevtral de Gandra, 1317
4585116 GANDRA PRD «
T 4351 224157500 « £ 4351 224157901
Prof. Doutor José Carlos Marcis Andrade

Presidente da Comissao de Ftica do IUCS

RSP - INSTITUTO UNVTISTARD) OF CANCIAS DA SADDE
CESPU R [ANTERIZR INSTITUTO SUPERIOR D OENCIAS DA SACDE - NOR7E)
et Ll e DENOMINAGAD [ SECONHECMENTD OF INTERESSE PORID A RERAGDS M0 0w - L * 5772015, 0t 20-04
S . WA DINTRAL OF GANDRA, 1377 G585 196 - GAnDRA M | T o351 2209571000  roeXS1 20157100

RSP = COOPMIRATIW DF INSINO SUPLIROR, POLITRCMID | cnvisn ke, On
CONTIE SO1 577 40 . CAr. SO0 1,250 DOCLOD £k w7 ZO0w £ rome) & 2% WWW.OISIT
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Appendix 4: Formic Acid Declaration Sheet

FICHA DE DADOS DE SEGURANCA

{d=2 acordo com o Regulamento (UE) 2015/830) @GU'”A“A
92032-Acido férmico 85 por cento ASERIAENAAD
Versio: 4 Pégina 1 de 10
Data de revisio: 03/04/2019 Data do impressio: 03-04-2019

|SECGAO 1: IDENTIFICAGAO DA SUBSTANCIA E DA SOCIEDADE/EMPRESA.

1.1 Identificador do produto.

Nome do produto; Acido férmico 85 por oente
Codigo do produto: 92032

Nome Quimico: 300 férmico ... W
N, fndies: 607-001-00-0

N, CAS: 64-156

N, CE: 200-573-1

N, regista; 01-2115481174-37-XKX

1.2 Utilizacdes Identificadas relevantes da substincia e utilizogBes desaconselhadas,
Materia-prima pae 1550 industrial,

Usos ndo aconselhados:
Uses diferentes 205 aconseihades.

1.3 Identificacio do fornecedar da ficha de dados de seguranca.

Empeess: GUINAMA
Endereco: €/ Praga, g/n. P.1. Gutonberg
Pognilacic: 46185 La Pebla de Vallbona
Distrito: Valencia

Telefone; +34951369090 £ 902119818
Fax. +34961850352

E-mait: ventasiguinama.com

Web: VIWW.gunama. com

1,4 NGmero da telefone de emergéncla: + 34061869090 / 902119815 (53 dispondvel em horanio de ascritorio; segunda-felra-
sexta-feira; 08:00-18:00)

SECGAO 2: IDENTIFICAGAO DOS PERIGOS.

2.1 Classificacio da substincia,
Segurdo o Reguldmento (EV) No 1272/2008:
Skin Corr. 18 : Provocs queimaduras na peke ¢ lesdes oculares graves.

Palsvras—sinat:
Perigo
Frases M:
H314 Provoca quemaduras na pele e tesdas ocLiires graves.
Frases P:
£250 Nio rezpirar as poewras/fumos/gases/névoas/vapores/aerossiis,
P264 Lavar ... cuidadosaments apds manuseamento,
P280 Usar luvas de profecgiiofvestisirio de proteccSo/protecclo coutar/peoteccdo facial

P03+ PI6L+PISI SE ENTRAR EM CONTACTO COM A PELE (ou 0 cabalo): Retirar imediatamente toda a roups
contamnaga, Enxaguar 3 pele com-agua [ou tomar um duché],

P305+PI51+P338 E&MEMCMKTDMOSW;MWMMMWW%
rimdne Ca ionr bantes g contacto, retie-as, se sl e fer ponsivel, Contioue A stmagyas.

sy o -
VVELEY, T G sind W e ey
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(d= acordo com o Regulaments (UE) 2015/920)
92032-Acido férmico 85 por cento

Versio: 4 Pégina 2 de 10
Data de revisio: 03/04/2019 Data de Impressho: 03-04-2019

FICHA DE DADOS DE SEGURANCA @ GUINANA

BBSOULITA CALIDAD

P310 Contacty Imgditamente um CENTRO DE INFORMACAO ANTIVENENOS/médico/...
PS04 Eiminar o conteddo/recipiinte em ..,

Contém:
jcide fdemico 85 W

2.3 Outros perigas.
Em condicles de uso normal & ia sua formy ongingl, o produto rSo tem efelos negatives sobre 3 salds @ 0 mek amblente.

SECGAO 3: COMPOSICAO/INFORMAGAO SOBRE 0S COMPONENTES.

3.1 Substincias,

Nome quimico: [1] &cido féemica 85 %

N, Indice: 607-001-00-0

N, CAS: B4-186

N.CE 200-579-1

N, registo: 01-2115491 1 74-37-500¢

{1] Substingi 4 Gual se aples Rindte c exposicio comumitinio 1o local o tratalho (ver secgio 8.1).
3.2 Misturas,

NEo Aphicivel

SECGAO 4: MEDIDAS DE PRIMEIROS SOCORROS.

4.1 Descricio das medides de primelros socorros,
MMaﬁmwmmamem,wmmmmmWMaw
Vid orsl 3 pess0as qUE Se encontrem INCoNSoentes,

Situar o acidentado a0 ar bvre, manté-lo quents & em 1epdusn, se 3 (esiragao for irregudar cu se defiver, praticer respiragio

Contacto com o5 olhos,
Lavar gtuncantemente 05 olhos com Sgua dmpa e fresca durante, pelo menos, 10 minutos, puxando para oma das plipetras e
procunae assistinela midica, N30 permita que 3 pessod s= esfrague 0 o afetada,

Contacte com a pele,
m-mmwaa&wmwnhaeuﬁowmmnmw.mum
dissotvuntes ou diluentes, £ fecomendivel para as pessas Que Spensam oF PrimeEras sacomos o Lso de equipamentos de
protecdo individual (ver secio 8),

Ingestio.
Se acldentalmente fol ngenido, procurar imedistaments atencis médica. Mantd-3o ent rapotse. NUNCA provocar o vienits.

4.2 Sintomas ¢ efeltos mais Importantes, tanto agudos como retardados,
mom:ommmmNmimmWwﬂgnWwanm
HaNos INtoTMos; caso tal acontegd, serd necessiria assisténcla média imediata.

4.3 Indicagdes sobre culdados médicos urgentes e tratamentos especials necessérios.
mamm&m.mmmwmwmwammummmm
Muwov&im.&umw.mhu«urmmtnamMmmmwm.Ma
20na afetada de pressio ou fricgdo.

| SECGAO 5: MEDIDAS DE COMBATE A INCENDIOS. : 1
0 produto NAD esth clazsiScado como Inflamive); s caso de Inclndio devem-se segulr 33 madides expostas em sequida:
5.1 Meios de extinglio.

N:xﬁnww&).&nm«%mmuﬂnm%&n%eéwnpﬁmﬂm.

~Continua e pdging sepuine. -
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(de acordo com o Regulamento (UE) 2015/830)
92032-Acido férmico 85 por cento

Versso: 4 Pigina 3 de 10
Data du revisdo: 03/04/2019 Data de impressio: 03-04-2019

FICHA DE DADOS DE SEGURANCA @ GUINANA

ARSOULITA CALIDAD

Meios dg extincio inadequados:
N30 usar pera & extingdo Jato direto de gun. Em presenca de tensio chitrica ndo & aceltivel Utiizar Sgua Ou espurna como mei
e extingdo,

5.2 Perigos especiais decorrentes da substbncla,
Riscos especiais,

C fego pode produzi um espesso fumo egro, Como consequingia da decomposicio témica, podem formar-s0 peodutos
WMWWdommuMAMmNMhMNWMm
prejudicial para a sside.

5.3 Recomendagdes para o pessoal de combate a incdndios.
Refrigerar comdgua os Lanques, Gisternas ou rediplentes provimos & forte de calor ou fogo, Ter em conta 3 diregdo do vento.
Evitar que o4 produtos ubiiizados ni ita contra Incéndio passem s esgetas, sumidourcs ou ursos de dgua.

Quipameanto g2 protecao contra Incendig
imagnitude do ncéndio, pods ser noecessitio o use de toupas de proteclo contra o cake, squipamento respiratério
UtGnomo, luvas, GCllos protetnres ou miscarss facais e botas,

,SECCIO 6: M!D!_DAS A TOMAR EN}:ASO DE FUGAS ACKDENTAI;

6.1 Precaugbes Individuais, equipamento de protecio ¢ procedimentos de emergéncia.
Para controlo de expasicso @ medidas de protecio ndwddual, ver secio B,

6.2 Precaucdes a nivel ambiental,
Evitar 3 poluko de e590tes, 3guas superficls ou sublerrdaas, bem como do solo,

6.3 Métodos e materiais de confinamento e limpeza.
momm-mmmmmmmm,wmamM.xmo
wmzoeoMWmmmwm.kmmumwmmmmmm
ma;mmwommnmomwmvmdulﬁmdcnumw,mm
sem fochas,

6.4 Remissdo para outras secches,
Puawnmodomuocmdmudemmmw.mmo&
Pard a posterior ebminagdo dos resicuos, segue as recomondacles da seglo 13.

| SECCAO 7: MANUSEAMENTO E ARMAZENAGEM.

7.1 Precaucdes para um manuseamento seguro,
Paranmeeaoomi.wsadol.ﬁomhnmumwamﬂumﬂoaomomi

pressdo,

Na 2012 de aplicacio deve ser proibido fumar, comer & baber,
Cumprir com 3 legisiagio sodre segurangs e higlone no trabaho,
Consenvn 0 produto em recipientes e um materdal Id&ntico ao original,

7.zmawmm,mmwum‘-.
mwawmMnmum.mmummsns-gmm
memmwamuuueaummmwamammw«
Meammmmmmmw.mam-mmmm
dehwawummdmwfmummamnumwwmmdm
(7) mwmwmmmmm 2012/18/VE (SEVESC 111).
Hracdes finais especificas.
Chemical, Uso industrial, Acidos orglnicos.

|SECCAO 8: CONTROLO DA EXPOSIGAO/PROTECAO INDIVIDUAL,

8.1 Parimetros de contralo,
Limite de exposifo durante o rabaiho pers:

Continua ne paging seguants.-
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DE CIENCIAS DA SAUDE
FICHA DE DADOS DE SEGURAN
e S T e RANCA @ GUINANA
92032-Acido férmico 85 por cento SEQUTTACAIDA)
Versho: 4 Pagina 4 de 10
Data de revisdo: 03/04/2019 Data de impressdo: 03-04-2019
Nome N. CAS Pais Valor-limite ppm mg/m*
Eurcpean Olte horas S 9
¢ Unon (1) | curta duragio
Sldo férmico 85 % 64-18-6 : Okto hores 5
o o Curta duragio 10
(lIMMMWMMM”)WMWWMMW)m
Scientife Committer for Occupationai Expasuve Linds te Chernical (SCOEL).

Agents
{Ilatawdamw&m 1756 adotow peld Insttuto portigues de gualade.
0 proguto NAO contém Mwnmswm

Nivels de concentracio DNEL/IMEL
Nome DNEL/DMEL Tipo Valor
#cido férmico 85 % ONEL Inatacdo, Crénco, Efeftos focais 9.5
N. CAS: 64-186 (Trabaihadcres) (majm?)
N. CE: 200-579-1

DNEL: Derived No Effect Level, (nivel sem efeito nbitico) nivel de exposiclo 3 substinca por baxo do qual ndo 530 presistos
efeitos adversos.

DMEL: Darived Minimal Effect Level, nivel do exposicio que corresponde 3 um risco balxo, que deve ser considerado um risco
i toberdvel,

Nbvels de concentracic PNEC:

Nome Detalles
Freah water
Marine water %
daid farmico §S % Fresh waley secments xu (m
. CAS: 64-18-6
N, CE: 200579-1 Marine water sedimants. 1,34 (mw
sediment d) |
Sail 1,5 (mg/kg
soildw) |

mmmw:m(mmmmmwmmwmawm
=50 esperados efeitos negathvos no comportamento ansdiental.

8.2 Controlo da exposico.

Medidas do ordem técnica;
Prover uma ventiagSo adequads, omlMsmmmmuMMMewmm
geral de extragdo,

o Miscar, an.g?mp-mbm Contra gates ¢ partcules
A Marcacho Categoeta 111 A midscars deve ter um smplo campo de visko e

Carscturisticas. forms anatémica para oferccer estanquicade ¢ hormeticidade. 0
Normas CEN: EN 135, EN 140, EN €05

Nio deve ser anmazenada em ugares expostos 3 altas temperaturas & ambientes himidos antes da sua
Manutengdo: uﬂ'mdo Deve-se controiar especiaimenta o estado das vilvitss de nalagdo e exalagio do adsptador

Mnsahuawmumaomm!mmmem
o % equipamento, Devem-se acopiar a0 equipamento os filtros necessinios em fungdo das carscteristicss

espacificas do rigco (Particulas & aerossdis: P1-92-P3, Gases e vaporss: A-8-E-K-AX) substRuindo-se am
corformidade com os consethos do fabricants,

A2

Tigo de fivo

“Continua na pdging seguinte, -
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ASSOLUTA CALIDAD

FICHA DE DADOS DE SEGURANCA @ GUINAMA

. Marcagio «CEe Categona 111, Deve-se rever a st de produtos quimicos com os
Caracteristicas. qua's as hrvas foram emsaisdos,

?ﬁ‘gﬁ‘ug_lg
: Luves 230 doscartiveis de protecydo contra produlos quimicos G

Nommas CEN: EN 3741, En 374-2, EN 374-3, EN 420
Dever-5e-§ estabelecer um calonddeio pera o substitucio periddica das luvas, tendo am vista garante
MiErtEcas: que as mesmas sdo substiuidas antes de serem permeadas pelos contaminantas. A utilzacio de lwvas
contaminadas pode ser mals perigoss do que 3 faita de wiillzaclo, devido 20 facto de o contaminante s=
podar i o ro rial comp das luvas
Obeervasses: Desem ser substitiadas sempre Que se notem rupturas, fendas ou ceformagbes & quando § sujidode
Materiat: WC(dum ;}:‘fﬁw > 480 Bnuﬂn“:' 035 |
EPT; Oamgegoaommlulndomm RS =1
: Mortacao Categorla 11, Protector mrmnackn Integral pars a
Qe riaccio 008 sk fasos OIS S VDO e
Nermas CEN) EN 165, EN 166, EN 167, EN 168 _
A visinilidade stravés dos Goulos deve ser Spima, 2250 pela qual se devem Kmpar dlaramente estes
Manitencsa: mmumumM.WMuWu
sbricante.
Onsenvacses: Exemplos de Indicadores de deteriorasdo; coloragio amarela das kntes, arranhdes superficius das lentes,
da
 Protecio da pele:
EPL! Roupss de proteccio contra

{ produtos quimicos

Marcago «CE» Categorin 111 A roupa deve ficar bem justs, Deve-se fixar o nivel

Coractetisticas: de proteccio em funglo um perdinetro de ensaly dencrminado "Tempo de
‘ pessagem” (BT, Breaithrough Time) o qual indica o teropa que o produlo quimica

demora 2 atravessar o material,
Normas CER: EN 464,EN 340, EN 943-1, EN 943-2, EN ISO 6529, EN 1SO 6530, BN 13034
Manutencio: mmumam;mwmsmmmsem

- U protecgdo Invaridvel

Amawdwmmommmnwm
Observactes: sem desiocagio, durante o periodo de Lblzagso previsto, tendo em conta os foctores amblantass,

com o5 movimenlos & durante 3 suz actividade.
i Calgado de segurancs contra produtos QUIMKos & com propnadades ant
Caracteristicas: Marcagio «CE» Categoria 111, Devesa rever a ista de produtos quimicos face aos
. quais 0 cakado € resistente,

Normes.Co: EN IS0 13267, EN 138321, EN 138322, EN 13332-3, EN ISO 203M, EN 150

Pars 3 corrects manutencSo deste 1po de calgado de seguranga ¢ imprescindived que se tenhian em
Mamtencdo: mlmzmmmmmomdmwwm&ommaw

. Deve-sz limpyr raguisrmente o calgado & secé-h quanda estiver himido, mas sem o colocar

Observaches: mmummuwmgm.wmuma
|SECGAO 9: PROPRIEDADES FISICO-QUIMICAS. |

9.1 Informagies sobre propriedades fisicas & quimicas de base,
AspectoiLg, transparente
Cor: Incoler a amareado

Uriar olfactivosinduterminaca
pH: <-39C
Ponto de fusdo:8,3 °C
Poato de Ebuligdo; >«100 °C
:aﬁo: elvaporxlo NP
e : ND/NA,
Inflamabicade {59600, gas): 65°C (fechada)
Limite infarior explosiio: 18
Limite supetioe explosio: 57
Pressio de vopor: <4,4 kPa (20°C)

~Continue na paging sogvinte. -
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FICHA DE DADOS DE SEGURANCA @ [:| ANMA

mum:l,ﬂ(wl)
Densidade relathe:1,22 gfem'

&M acetona, acelato de etlo, metanol, etanol, éer (aprox, 10% de benzeno, talueno, xilana),
anmlmommm«m

om dgua.
thmdum(nm‘wc) 2,1 (239C, pH 7) (Directiva 84/449/CEE do Consolo, A.8)
Temperatura de auto-ignicdo; &01,19C
Temperatura de cecomposicio:  3509C (OECD TG 115)°C
Vescosidade: 1, 70E400
Propyiedaces expixivas; Ndo exoiosivy
Propriedades comburentes: NSa comburente

N.D./N.A = Nio Disponivel/NSo Apliciive! devido 3 natirezz do produta,

9.2 Outras Informagdes,

Panto de Fluidez: N.O/N.A

CintilagSo: N.O/NA.

Viscosdade cinemdtica; | 395400

NO/NA = Nio Disponivel/NSo Aplcived devida § natureza do produto,

|SECCAO 10: ESTABILIDADE E REATIVIDADE. ’ ]

10.1 Reatividade.
O produto ndo apresentar Hscos devido A sua reactividade,

lln.zlﬂlhdem
nfumwmm

Agamm
Decompbe-se & parthr g 350°C (OECD TG 115) °C

10.3 Possidilidade de reaccdes perigosas,

Pode peoduzir-se uma decomposiio térmica,
cmmwmmmeam
&nmummdem-nummaﬂodeuﬁmm

10.4 Condigdes a evitar,
Evitar as seguintes condicdes:

* Aguecimentc,

= Alta temperatia,

+ Contato com materials incompativess.
10.5 Matertais incompativeis.
EVItar os soguintes matereis:

« Addas.

~ Bases,

= Agentes owdantes,

10.6 Produtos de decom
Depuadsdo

ser s 3

mmﬁimomwmmuwmmemeMﬂmw
« duidos de nitrogénio,

| SECCAO 11: INFORMAGAO TOXICOLOGICA, ’ =1

11.1 Informacbes sobre os efeitos toxicoligicos.
O comacto repetivo ou mmommdemammmnammw-mm&
cootacta nio alérgica & @ que o produto sejs sbsorvido através ds pele,

~Continua o pRging segunte.
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ABSCLUTA CALIDAD

InformacSo Toxicolégica.

o Tk T

Valor
LD50 Rat 730 mafkg (1]
Onl

[4] study repart, 1985
dcido tormico 85 % LDSD Rat >2000 ma/ke (1]

Cutanes
[31 study repart, 2007
Lcso Rat 7.85 mg/L air (4 h) (1]
N, CAS: 64186 N. CE: 200-579-1 alscto
a) Taoodade aguds;
Dados ndc inchasivos para 0 dassficacio,
b) Corros3ofuritagBo cutines;

Produto classificado:
Cosvosivo cutineo, Categoria 18! Proveca quaimaduras s pel & lesdes oculares graves,

) Laches ocubives graves/imtagio oculor;
Dedos nda inclusivos para  classificagdo.

a) Sensibilizagio respiratdna ou cuténes;
Dados ndo inclusivas para a dassificacdo.

€) Mutagenicidade em células germinativas;
Dados ndo Inchuevos para o classificacdo.

[ 1] study report, 1980

) Caconogenicidode;
Dados ndo inclusivas pare 3 dessificacio,

@) Toxicidade reprodutivi;
Dados nSo Inciusives para 3 dasdficasdo,

h) Toaicidade paek orgdos-aivo especticos (STOT) - sxposicio Unie;
Dados rdo Inclusives oars a dassificasdo.

() Towicidade para degios-alvo especticos [STOT) - exposicio repetida;
Dados ndo inclusives pars a classificacio,

1) Perigo de aspiragio.
Dudos nio inchusivos para a dassificacdo,

| SECGAO 12: INFORMAGAO ECOLOGICA. 7 ]
12.1 Toxicidade,
Niio estéo disponiveis InformagBes relativas 3 Ecotoxiodace.
12.2 Persisténcia o degradabilidade.
&umuummmsu?wmuwwm

se disple ce iaformacdo relative adablidade das subatingias presertesilio hi Informagdo deponivel sobre
persisténca o degradsbilidade do prodito. o .
12.3 Potencial do bioacumulacso,
Informacdes relstivas a Bioacumulacio.

Rty Bloacumulagiio

o formico 8BS 3% 0,54 . . Muko batxo

Continim /e pdgine seguints. -
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12.4 Mobllidade no solo.

Nao ha informagio disponivel schre 3 mobiidade no solo.
N0 & permitido o vertido em sumidoutos cu cursos de agua,
Evitar a penetraclo no sclo,

12.5 Resultados da avaliacio PAT e mPmB.
Nio K informagdes disponiveis sobro & avalacio PET & mPmB g9 produto.

12.6 Outros efeitos ad
N§o hd Informagio sabre outros efetos sdversas para o melo amblete,

SECGAO 13: éons:ouw;@es RELATIVAS A ELIMINAGAO.

13.1 Métodos de tratamanto de residuos.
Moéwwoowwomwnwwmwmmama;mum«&nMWMMe
efmnados de acorde com as legisiaghes locals/nacionals vigentes,

Siga as disaesices d Directiva 2008798/CE relatives 3 gestio da residuos.

SECCAO 14: INFORMAGOES RELATIVAS AO TRANSPORTE.

Tmm;mmmomwmmsmem,umwm--
ICAQ/IATA pare transporte adreo,

Terra: Transporte por estrada: ADR, Transporte gor canlicho-de-ferro: RID.

Docismentagdo de transporte: Carta de porte e Instrugbes escritas,
Mar: Transacete por barco: IMOG.

Gocumentz(do de transporte: Conhadmentd de embamue.

Ar: Tramsporte por avddo: IATAVICAD,

Dacumento de transparte: Conhecimento adreo,

14.1 Némaro ONU.
No UN: 1775

14.2 Designacio oficial de transporte da ONU.
Descriclo;

ADR: " UN 1779, ACIDO FGRMICO, 8 (3), PG 11, (O/E)
MDG:  UN 1779, ACIDO FORMICO, & (3), PG 11 (349C)
QACIIATA: UN 1779, ACIDO FORMICD, 8 (3), PG I

14,3 Classes de perigo para efeitos de transporte,
Classe(s): 8

14.4 Grupo de embalagem.
Grupo de enbalagent: ||

14.5 Perigos para 0 ambiente.
Poliwate marnto: Nio

14.6 Precaucies especials para o utilizador,
Etiquetas: 8, 3

ZEXN
S 2
N\
D &

Namero de perigo: 83

-Conbinua na pdging sepuinte. -
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ADR LO" L L
IMDG LQ: 1 L
ICAQ LQ 05 L

Disposighes relativas a0 transporte 3 granel sm ADR: Transporte 3 granel nso autorizado, de acordo com o ADR.
Transporte por barco, FEm - Fichag €0 emergingia (F ~ Inodndio, S - Derrames). F-E,5C

Actusr de acordo ¢om o ponto 6,

Gnmdcwqmqadodommm 1 Acidos

14.7 Transporte a granel em conformidade com o anexo I da Convenciio MARPOL e o Cédigo IBC,
O procuta ndo ¢ fetado pelo ranspone a grand em novios,

| SECGAO 15: INFORMACAO SOBRE ns_cﬁuuemnclo.

15.1 Regulamentacho/legislacho especifica para a substincia em matéria de salide, seguranca e ambiente,
0wodﬂonkéd&dopdowml)n‘lmmaom&medocau&n,delsdesasntmde
2009, refativo s substincias que empobrecem i camada de 0zono.

O produro no ecd afétado pels Directive 2012/ 18/UE (SEVESO 1),

O produto ndo estd afetado polo Reglamanto (UE) No S28/2012 relativo § comercializacio & 80 uso dos biocidas.

O produto njo csté afelado pelo procediments estabeleckio no Regulamento (UE) No 64972012, relatva & exportacio e
Importagio de produtos quiniicos perigosos,

15.2 Avallaciio da seguranca quimica,
NEo ol reshizado ume avaBacio da seguranga quimica do prodisto,

Skin Corr, 1A : Camosivo cutdneo, Categoria 1A

Skin Corr, 18 : Corrasivo cutines, Categoria 18

Secies modificado em comparaglo com 2 versio anterior:

1,2.89,14,16

Aconssha-se que s2jd dada formacio bisicas refativaments § saguranca e higiene laboral para que seia efectzado um
mAnusemento correcto do produto.

Informagdes sonre o Inventirio TSCA (Tonde Substances Controd Act) USA:

N.CAS Nome Estado

54-16-6 acico (temico 85 % Registrado

NFPA 704.

Health hazarg: 3 {Extreme Danger)
Flammakility; 2 (Balow 200°F)
Rexctivity: 0 (Stablle)

Spexific hazard: COR (Comosive)

“Continua na pdgina seguinte -
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Abreviatinas = dolas ulizadas,

ADR: Acardo europeu sobre © ransporte inteaconal de mercadonias perigosas por estrads.

BCE: Factor de biocencentragio.

CEN. Comité Eutopey de Normakzagio.

OMEL:  Derved Minimal Effact Lavet, nivel de exposicio que comesponda 3 um rsco baom, que deve ser
considerado Lm risco minimo tolerdvel,

ONEL:  Derved No Effect Level, {nivel sem efeto cbtico) nivel de expesic3o i subsringa por baivo do
qual ndo s30 previstos adeitos adversos.

ECSO:  Concentragio méala eficaz,

EPL: Equipamento de protecio Individual,

IATA:  Assodagio intermacional dos Transportes Adreos.

OAZT:  Organizacho da Aviagho Ol Internacional,

IMDG:  Cédigo intermacional Maritimo sobre Mercadarias Perigosas.

LCSO:  Concentragio ketal, S0%.

LDSO:  Dose Letal, S9%.

Log Pow: Logaritmo do cosficiente de particlo octancl-dgus.

NOEC:  Nio se obsorvou efcho do concentragio,

PNEC:  Predicted No Effect Concentration, (concentraciio prevista sem efeitos) concentragio da substincle
por bakxo da qual ndo 530 2sperados efeitos Negatives N0 comMportamentn amibiental,

RID: Reguiamento relativo 20 transporte intemadional de mercadenas perigosas por via fémea,

Principais referfncias bibliogréficas & fortes de dados!
Mty /jeur-ex.europa.eu/hamepage. htmi
Bep://ocha.curopa,ouf
Wm)msmo.
Regulamento (CE) No 190772006,

Reguiamento (UE) No 1272/2008.

A informaclo fadiitads nesta ficha de Dados de Seguranga fol redigids de acordo com o REGULAMENTO (UE) 2015/830 DA
COMISSAD ¢ 28 de malo de 2015 que altera o Reguiamento (CE) n.o 1907/2006 do Paramento Europeu ¢ ¢o Consaiho rekative
0 tegisto, avalatdo, sutorizacdo e restriclo dos produtos quimicos (REACH), que <rls & Agéndie Eumnpely das Substinclas

Quitnicas,
1488/94 da Comissdn, bam como a Diectiva 76/769/CEE do Conseivo & as Directivas 51/155/CEE, 93/67/CEE, 93/10S/CE ¢

A Informago desta Ficha de Dados dé Seguranca di mestura estd baseads nos conhedmentos actuais & nas lels igentes da
Gchms%th?&mm&MMumo
produtn ilzado para fins distintes doueles que sio espedficados, sam ter primeino Lma instiu(a pox esorito,

“Fim dls fichs de discios de seguravga. -
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