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Abstract: Non-surgical endodontic retreatment is a reliable conservative option for managing post-
treatment apical periodontitis. However, effective microbial control, based on the maximization of
filling removal and disinfection protocols, is not yet predictable. Traditional gutta-percha solvents,
which are indistinctively used for both the core and sealer filling materials, became obsolete due
to unprecedented advances in endodontic technology. Nonetheless, microtomography, scanning
electronic microscopy findings, and histobacteriological analysis tend to confirm the persistence of
filling materials and the lack of association between root canal enlargement and superior disinfection.
There is a controversy regarding the most suitable clinical protocols surrounding the shaping proce-
dures and the supplementary disinfection steps. Based on the literature and the previous work of the
team, the authors aimed to summarize the current knowledge regarding specific solvent formulations
that target filling materials. Additionally, the advantage of an additional irrigation step to optimize
disinfection was highlighted. This adjunctive procedure serves a dual role in the dissolution of filling
materials, and in conferring an antibiofilm effect. Further research is needed to understand the novel
contribution of these strategies upon clinical practice outcomes.

Keywords: endodontics; filling materials; gutta-percha; irrigating solutions; non-surgical endodontic
retreatment; sealer; solvents

1. Introduction

Non-surgical endodontic retreatment (NSER) is a conservative option for managing
persistent apical periodontitis (AP) associated with root-filled teeth, or where a new disease
has emerged after root canal filling. Its main objective is to reduce the interradicular
bacterial load to levels that are compatible with periapical healing, relying on maximum
filling removal, repreparation through the most complete and canal-centered shaping
techniques, and disinfection protocols [1]. However, the current therapy still focuses on the
main root canal.

Reducing old filling remnants is crucial, as they may harbor intraradicular biofilms, the
main cause of post-treatment AP [2]. The relative difficulty of NSER is related to variables
such as the design of the retreatment/instrumentation systems, the age and type of the root
canal filling, and previous preparation errors, besides the complex root canal anatomy [3].
After regaining access to the apical foramen, chemo-mechanical preparation (repreparation)
aims to further remove filling residues and disrupt persisting adhered biofilms. Current
retreatment techniques include rotary files, ultrasonic instruments, heat, laser, hand files,
and solvent solutions [3]. Although their combination is generally required, removing the
bulk of the obturations has greatly improved with the development of nickel–titanium
(NiTi) rotary systems. This improvement has led to clinicians rarely using solvents.

Two main strategies have been proposed to optimize disinfection before the new
filling: (i) a further apical enlargement [4], with the risk of weakening the root structure; or
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(ii) using adjunctive procedures, such as sonic/ultrasonic processes or recently developed
finishing instruments, to activate the standard sodium hypochlorite (NaOCl) irrigating
solution [5,6]. Laser and photoactivated therapies have also been mentioned, despite their
inherent high costs [7,8]. The subsequent sealing and the remaining cervical and radicular
dentin structure have also been considered to be factors of favorable outcomes [9,10].
However, the current state-of-art, which involves combining adequate mechanical shaping
and activated antimicrobial irrigating solutions, namely NaOCl, is still not able to provide
a predictable outcome for NSER. Furthermore, there is no evidence for an improvement
in the periapical status of populations that are concomitant with the extensive advance in
endodontic knowledge and research [10].

Following the evolution path of NiTi instruments, new engine-driven NiTi instru-
ments, for purposes other than shaping, such as glide path preparation, retreatment, or
irrigation enhancement, have emerged. The ProTaper retreatment (Dentsply Maillefer),
the self-adjusting file, or the XP-endo Finisher (FKG Dentaire) are some elucidative ex-
amples [11]. On the other hand, recent investigations using proposals that are safer and
as effective as chloroform, such as methyl ethyl ketone (MEK), ethyl acetate, and novel
solvent mixtures (MEK/tetrachloroethylene (TCE) and MEK/orange oil (OOil)), have
highlighted an additional role for endodontic solvents. There is no intention of promoting
the use of solvents per se, but essentially the purpose is to uncover different paths for
optimizing disinfection in retreatment procedures without neglecting all of the available
options. Apart from filling dissolution, its antibiofilm efficacy, enhanced by agitation, opens
new perspectives in the current retreatment disinfecting protocol [12–14]. Built on the
literature search and the previous work of the team, one of the major goals was to identify
and summarize new solvent proposals concerning their specificity, their moment of use,
their enhancement through agitation and biocompatibility, their effects on dentin structure,
and their antimicrobial/antibiofilm activity in NSER.

2. Evolution of Endodontic Solvent Compounds

Traditional gutta-percha solvents are chemical substances, usually organic, whose
primary objective is the dissolution or softening of filling materials (particularly gutta-
percha). Studies on the advantages of their use are not consensual [15]. Some authors have
stated that solvents should only be used when the working length is hard to reach [16].
Eventual disadvantages have also been reported, such as slowing of the retreatment process
due to a higher accumulation of filling material remnants [16,17]. On the other hand,
the isolated use of mechanical instruments has been associated with several problems,
including perforating roots and straightening canals, preventing their original shape from
being preserved [3].

Chloroform is one of the most popular gold-standard gutta-percha solvents, with a
long history in endodontics. Although it is recognized as being one of the most effective
for both gutta-percha and sealers [18,19], its use has been questioned due to its cytotoxicity
and carcinogenic potential [20–22]. Although, in general, the cytotoxicity of gutta-percha
solvents depends on their exposure time and dose, chloroform also has a considerable
storage risk, as it is highly flammable. In turn, halothane, also associated with a high level
of toxicity, has been discontinued [23]. Other solvents such as xylene and eucalyptol, which
have been proposed as being alternatives to chloroform, although quite effective [24,25],
have been shown to address similar concerns, namely regarding biocompatibility [20,26,27].
TCE was reported as having a strong dissolution effect, particularly over gutta-percha [28].
Although it has been pointed out as also promoting the dissolution of endodontic sealers, it
was clearly less effective than chloroform [12,29]. Essential oils, such as OOil, which have
recently been stressed as “green compounds”, were considered as being quite safer but less
effective, particularly for sealer dissolution [24,27,28].
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3. Solvent Specificity

Targeting the chemistry of a resin epoxy-based sealer, MEK (also known as 2-butanone
or methyl ethyl ketone) and ethyl acetate (also known as 1-acetoxyethane or acetic ester)
have raised attention as being novel endodontic solvents [12]. MEK is an organic, colorless,
water-soluble solvent with a sweet odor that is reminiscent of acetone, and is categorized
in group D (not carcinogenic to humans) [30]. It has been especially highlighted for the
dissolution of one of the most commonly used endodontic sealers: AH-Plus [12]. Based on
the same principle of a targeted approach to a sealer′s chemistry, 10% formic acid and 17%
ethylenediaminetetraacetic acid (EDTA) have recently been suggested for hydraulic sealer
dissolution in the clinical retreatment protocol [31].

Although traditional solvents have been indistinctively used for both filling materials—
gutta-percha and sealers (such as resin and zinc-eugenol-based)—there has always been a
special focus on their gutta-percha dissolution profile. However, different compounds have
emerged as quite specific sealer solvents, such as EndoSolv E (Septodont) (a tetrachloroethy
lene-based compound) and EndoSolv R (Septodont) (a formamide and phenyl ethylic
alcohol-based compound) for zinc oxide–eugenol-based and resin-based sealers. Recently,
they have been replaced by EndoSolv (Septodont), the main constituents of which are
ethyl acetate (50–100%) and pentyl acetate (2.5–10%) [32]. Even though its manufacturer
claims that it can be used for different types of sealers, there are no sound reports regarding
its efficacy.

The development of new rotary retreatment files may have contributed to a lesser
focus on investigating solvents for NSER. However, microtomography, scanning electronic
microscopy findings, and histobacteriological analysis have shown that, independently of
the instrumentation system or the supplementary irrigating approach, filling residues and
resistant biofilms still persist in root canals or dentinal tubules after NSER conventional
procedures [2,15,16].

The use of traditional gutta-percha solvents is mostly isolated. However, a few studies
have assessed some associations for better performance. Faria-Junior et al. [33] revealed
that TCE potentiated the effect of OOil and eucalyptol in different types of gutta-percha
and Resilon. The association between Citrol+TCE obtained the best results on Resilon′s dis-
solution, while OOil (citrol) alone obtained the worst; however, they were still quite milder.
In the same sense, Citrol+TCE and Eucalyptol+TCE were the most successful among asso-
ciated and isolated compounds against EndoREZ cones. The lack of a deeper explanation
and concerns regarding their biocompatibility pointed out the need for further research. Re-
cently, with the same methodology of weight loss percentage, Ferreira I et al. [12] presented
MEK as having a higher efficacy for resin-based-sealer dissolution. The values obtained
reached those of chloroform; thus, they were quite different to the traditional gutta-percha
solvents studied. Additionally, the authors confirmed the efficacies of two binary mixtures
with MEK as a common compound and organic/essential oil as a co-solvent: MEK/TCE
and MEK/OOil. A synergistic effect explained their increased efficacy for gutta-percha
and resin sealer dissolution. The mixtures’ performances reached the gold standard of
chloroform and, importantly, with a safer profile [13].

4. Moment of Use

Traditionally, solvents were applied at the initial stages of the NSER, when fillings
are more compact, through the deposition of a few drops into the space created by the
coronal filling removal [3]. The main objective was to soften gutta-percha, enabling the
initial penetration of the file into the remaining obturation [5]. Some authors reported
a negative impact of the solvents’ deposition (chloroform and eucalyptol) in the medial
and apical parts of the retreated ex-vivo canals, with reduced the filling remnants in the
root canal surfaces of the nonsolvent groups [16]. Different methodologies, such as the
type and moment of solvent deposition (before/after repreparation), may have influenced
the results.
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Flooding the canal with solvent after removing the bulk of the remaining gutta-
percha, and further enlargement, have also been investigated. One of the studies assessed
the effect of xylene (1 min) on cleaning the root canal with paper points; the outcome
was comparable to 2.5% ultrasonically activated NaOCl [34]. In turn, Fruchi et al. [35]
emphasized the cleaning performance of the reciprocating instruments with xylene (1 min)
and concluded that, even with passive ultrasonic agitation (PUI), the solvent did not
improve filling removal. Similarly, Barreto et al. [36] also showed no improvement with
PUI with OOil or NaOCl. Contrarily, Ferreira I et al. [37,38] showed promising results,
advising specific solvents (MEK/TCE and MEK/OOil) as an additional step after the
conventional repreparation and NaOCl/EDTA treatment. Due to their high dissolution
rate in short periods, the same solvent mixtures might also be considered, to assist with the
initial penetration of well-compacted obturations.

5. Solvent Agitation

The goal of combining solvents with ultrasonic agitation (UA) was for endodontic
instruments to reach difficult-to-access areas, enhancing their effectiveness, as with the
current irrigating protocol [39]. Moreover, the apical root canal, which is considered a
“critical zone” due to its strategic position for microorganisms, remains a challenge for
several instrumentation techniques or irrigating/dressing proposals [40].

SEM assessments found no improvement in root canal walls cleanliness using PUI
with EndoSolv R as a final step after further enlargement (repreparation), independent of
the root canal thirds; thus, its efficacy remains unclear [41]. Additionally, with contradictory
outcomes, a few ex-vivo studies with microtomography quantified the volume of the rem-
nants of filling materials after retreatment protocols with solvent agitation. Barreto et al. [36]
found no significant differences between static NaOCl, PUI/NaOCl, and PUI/OOil, but
stressed that all groups showed a significant reduction in filling residuals (gutta-percha
and epoxy resin-based sealer). The lack of superiority of the solvent group was justified
with the formation of a paste that penetrated the dentinal tubules and canal irregularities,
making its removal harder. Fruchi Lde et al. [35] concluded that solvent agitation (PUI
for 1 min, with xylene) slightly increased filling material removal, but without statically
significant results.

On the other hand, in vitro studies assessing the dissolution rate using a sample
weight comparison concluded that UA increased the efficacy of solvents such as eucalyptol
and OOil. However, independent of the solvent, the greatest dissolution was obtained
with the ZOE sealer [42]. Another study [43] with chloroform and eucalyptol corroborated
an increased efficiency of solvents in the dissolution of sealers with UA, although with
a significant decrease concerning the mineral trioxide aggregate sealer (MTA Fillapex).
Ferreira I et al. [12] also reported a positive impact of UA on solvent efficacy, which was first
evidenced with MEK over an epoxy resin-based sealer (AH-Plus). Similarly, traditionally
milder solvents, such as OOil, were clearly improved via UA with regard to gutta-percha
dissolution [28].

Because MEK had little effect on gutta-percha dissolution, studies with the MEK/TCE
and MEK/OOil associations have confirmed previous findings and a clear benefit of
UA in filling dissolution [13]. The suggested protocol assessed in ex-vivo studies with
microtomography, including MEK/TCE, and claimed to target the most common filling
materials: gutta-percha and epoxy resin-based sealer (AH-Plus). These performances was
reported as being similar to a further enlargement to the next file size, thus preventing
an excessive reduction in the thickness of the root canals [38]. The authors also found
that the benefit of solvent agitation was independent of the device, whether ultrasonic or
XP-endo Finisher R [37]. The specificity and synergism of the solvents in the mixture, their
moment of use, and the exposure time, as well as sonic/ultrasonic agitation, were given as
explanations for the performance obtained.
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6. Biocompatibility

NSER procedures are inevitably associated with more post-operative complications,
due to a higher risk of extrusion. In addition to necrotic infected pulp residues and debris
that can be pushed out of root canals, there is a risk of extrusion of filling materials and/or
irrigating solutions and dressings. The biocompatibility of any compound used is, thus, a
safety requirement. An ideal root canal irrigating solution should be biocompatible because
of its close contact with the periodontal tissues, and should respect the biological and
mechanical integrity of the tooth [44].

Although solvents have almost fallen into disuse with the advent of new retreatment
instruments, a recent review emphasizes the heterogeneity of the studies published and
encourages a pursuit of the comparison of compounds in different scenarios [45]. Despite
the disparity of methodologies, most of the reported findings are based on the performances
of traditional solvents, namely chloroform, eucalyptol, EndoSolv R, and xylol; with new
and less cytotoxic proposals, such as orange essential oils, having insufficient dissolution
properties to justify their use. Although the most effective solvents are generally recognized
as being highly cytotoxic, using small amounts inside treated root canals may prevent
concerns regarding the risk of extrusion [20,26,27,46,47]. Nevertheless, inadvertent contact
with the periapical tissues could pose a risk to the patient.

The new strategy of combining solvents with agitation in the empty root canal after
filling removal might raise additional concerns. One example is the suggested protocol with
MEK/TCE or MEK/OOil, even though in-vitro studies have reported a lower cytotoxicity
from these novel proposals compared to the isolated compounds or the gold standard,
chloroform [13]. Moreover, the use of solvents as an adjunct to mechanical instrumentation
has not been associated with higher extrusion [48,49] or poor post-operative conditions [50].
Nonetheless, prospective randomized studies are always needed to assess the clinical
performances of new strategies.

7. Effects on Dentin Structure

During NSER, solvents are inevitably in contact with dentin for some time. For a
long time, investigations have highlighted a decrease in enamel and dentin hardness,
due to the significant softening effects of chloroform, xylene, and halothane, with a time-
dependent effect [51]; however, others do not confirm these findings [52,53]. Recent
protocols suggest longer periods of dentin exposure to solvents after removing the bulk of
the obturations. Some apprehension has, thus, arisen as to whether solvents can alter the
dentin surface’s chemical composition, with potential changes in its microhardness, and
consequences on the bond strength of the sealers [53,54]. A recent systematic review [55],
including push-out assessments, has stressed that the heterogeneity of the studies prevented
a reliable conclusion from being reached. However, chloroform and xylene seemed to raise
further concerns.

Despite reducing dentin’s hardness, the novel solvent proposals of MEK and ethyl
acetate are reported as being preferred over chloroform, which caused the most signif-
icant decrease [56]. A different experimental design associating MEK with the specific
co-solvents TCE and OOil significantly increased dentin hardness after NaOCl and EDTA
treatment [57]. Regarding direct dentin exposure, the MEK/TCE group showed no sig-
nificant differences from the control (saline). MEK/OOil produced a significant hardness
increase, independently of being used directly or after the NaOCl/EDTA standard final
irrigating protocol.

The effect of solvent agitation on dentinal structure, per se, has been scarcely studied,
and with ambiguous results. UA was reported to elicit a decline in dentin hardness when
using MEK, ethyl acetate, and chloroform [56]. On the other hand, a study with the solvent
mixtures MEK/TCE and MEK/OOil found no evidence of UA causing an additional
decrease in dentin’s hardness [57]. Findings from endodontic irrigating solutions such as
NaOCl, chlorhexidine, or EDTA also tend to diverge. Investigations on EDTA’s effect on
dentin microhardness found that diode laser agitation caused higher hardness reduction
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than EDTA alone. However, there were no significant differences with UA or photon-
induced photoacoustic streaming [58,59]. The different methodologies and chemistries
regarding the compounds might explain the contradictory outcomes.

8. Antimicrobial/Antibiofilm Activity

AP is currently recognized as a biofilm-induced disease [60]. This causal link ex-
plains the increased resistance of endodontic intra-radicular infections to conventional
disinfection procedures associated with the number of unprepared areas where root canal
microorganisms, in planktonic and especially biofilm form, may persist [11,60]. These
are considered to be the main causes of treatment failure. Moreover, the awareness that
bacterial biofilms occur with particular relevance in the apical portion is crucial for the
treatment, indicating the importance of primary and post-treatment AP therapeutics [61].

Research focusing on the antimicrobial properties of conventional gutta-percha sol-
vents, such as halothane, eucalyptol, and OOil, has not been deep. The reported assays
are almost exclusively against planktonic bacteria, such as Enterococcus faecalis (E. faecalis)
and Staphylococcus aureus (S. aureus). In general, findings agree upon a stronger degree of
antibacterial activity that is associated with the most cytotoxic solvents; OOil, for example,
shows no antibacterial activity against the species mentioned [62]. Ex vivo studies empha-
size that chloroform reduces intracanal levels of cultivable E. faecalis during endodontic
retreatment [63]. By also stressing the role of E. faecalis as being the prime etiological agent
of post-treatment infection, Subbiya A et al. [64] highlighted that RC Solve, a derivative of
OOil, had superior antibacterial activity compared to xylene and EndoSolv E, which has
tetrachloroethylene as its major compound. That study considered the minimal inhibitory
concentration against E. faecalis ATCC and a clinical isolate from a failed root canal.

Maximum antimicrobial activity against E. faecalis biofilm has been reported with
the association of a surfactant, such as cetrimide, and with chloroform, eucalyptol, or
OOil. Although the combinations with cetrimide achieved a 100% kill rate, cytotoxicity
assessments or the dissolution efficacy of the suggested associations were missing [65].
Biofilm removal strategies include its disruption via chemo-mechanical preparation with
specific shaping techniques, and antimicrobial irrigating solutions/dressings. Increased
concern over its resistance to conventional antimicrobial drugs should be considered [66,67].

Supplementary procedures for activating the final irrigating protocol with NaOCl
with recent devices, such as ultrasonics or XP-endo Finisher R, have been suggested [5,6].
However, microorganisms are reported to regrow after NaOCl treatment. Although the
final exposure with the chelating EDTA had an additional antimicrobial effect, authors claim
there is a flaw in its ability to completely eliminate resistant biofilms, such as C. albicans,
the most prevalent fungi isolated from persistent endodontic infections [14,68]. A recent
study highlighted that the association of MEK/OOil could eradicate C. albicans biofilm cells
remaining after the conventional NaOCl and EDTA final irrigating protocol [14]. To our
knowledge, this is one of the first reports regarding the antibiofilm activity of solvents over
endodontic microorganisms, refractory to the NaOCl and EDTA protocol, while exhibiting
excellent dissolution ability over the most common filling materials.

9. Future Directions

The causative agents of post-treatment disease have been exhaustively investigated,
confirming a less diverse set of microbiota and lower cell counts in well-treated teeth. Strep-
tococcus species and the usually reported E. faecalis are among the most common bacteria
that are isolated in secondary infections [69]. E. faecalis has been especially implicated,
probably due to its ability to survive in mono-infections under adverse conditions [69].
Nevertheless, nearly 55% of the microbial community belongs to uncultivated or uncharac-
terized phylotypes, which may be dominant in some cases, and the common association of
E. faecalis with secondary infections is not definitively supported [70]. Moreover, Fusobac-
terium spp. and Pseudomonas spp. with Streptococcus and Actinobacteria spp. have recently
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been reported as the most dominant taxa. Regarding fungi, C. albicans is recognized as the
most frequently identified [61].

In addition to the wider microbial knowledge regarding endodontic microbial di-
versity, new concepts are developing, such as the awareness of proteins, which are often
associated with virulence and with resistance to antibiotics, and the dependency on the
host’s individual profile [61]. Rapid and accurate chair-side tests for quick microbial detec-
tion, together with the knowledge of antibiotic resistance genes, could eventually address
a rapid microbiological diagnosis, enabling the best therapy. Meanwhile, advances in
antibiofilm-effective adjunctive protocols might be important for reducing the bacterial
load, improving the success rate of endodontic treatments.

10. Concluding Remarks and Limitations

One of the limitations of the present paper is the risk of bias in the strategy of the
literature search. However, a systematic review was not the objective here, but rather, the
identification of relevant directions for endodontic investigation, from the authors’ point
of view.

Research findings on new endodontic solvent proposals changed the paradigm by
considering the use of solvents, not only for initial filling softening, but also in the final
process as an adjunctive in removing filling residues and disrupting refractory biofilms.
There is some evidence for the advantage of an additional step with specific and safe
solvent proposals, such as the dual role of promoting the dissolution of filling materials,
and an antibiofilm effect. These nonantibiotic agents may be a strategy for optimizing
retreatment procedures in order for a better outcome of post-treatment disease.

Basic science is important for investigating singular hypotheses that can contribute
to a deeper understanding of complex processes. However, prospective studies clarifying
the roles of novel protocols in the outcome of the clinical (re)treatment of endodontic
infections are missing. The development of novel strategies that understand and that reach
endodontic microbial communities is crucial for achieving the necessary level of infection
control that results in an improved long-term treatment outcome.
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4. Bago, I.; Plotino, G.; Katić, M.; Ročan, M.; Batinić, M.; Anić, I. Evaluation of filling material remnants after basic preparation,

apical enlargement and final irrigation in retreatment of severely curved root canals in extracted teeth. Int. Endod. J. 2020, 53,
962–973. [CrossRef]

5. Martins, M.P.; Duarte, M.A.H.; Cavenago, B.C.; Kato, A.S.; da Silveira Bueno, C.E. Effectiveness of the ProTaper Next and Reciproc
Systems in Removing Root Canal Filling Material with Sonic or Ultrasonic Irrigation: A Micro-computed Tomographic Study.
J. Endod. 2017, 43, 467–471. [CrossRef]

6. Silva, E.; Belladonna, F.G.; Zuolo, A.S.; Rodrigues, E.; Ehrhardt, I.C.; Souza, E.M.; De-Deus, G. Effectiveness of XP-endo Finisher
and XP-endo Finisher R in removing root filling remnants: A micro-CT study. Int. Endod. J. 2018, 51, 86–91. [CrossRef]

7. Plotino, G.; Grande, N.M.; Mercade, M. Photodynamic therapy in endodontics. Int. Endod. J. 2019, 52, 760–774. [CrossRef]

http://doi.org/10.1016/j.joen.2008.07.028
http://www.ncbi.nlm.nih.gov/pubmed/18928835
http://doi.org/10.1016/j.joen.2008.12.014
http://www.ncbi.nlm.nih.gov/pubmed/19345793
http://doi.org/10.1111/j.1601-1546.2011.00257.x
http://doi.org/10.1111/iej.13287
http://doi.org/10.1016/j.joen.2016.10.040
http://doi.org/10.1111/iej.12788
http://doi.org/10.1111/iej.13057


Appl. Sci. 2022, 12, 5492 8 of 10

8. Keles, A.; Kamalak, A.; Keskin, C.; Akcay, M.; Uzun, I. The efficacy of laser, ultrasound and self-adjustable file in removing smear
layer debris from oval root canals following retreatment: A scanning electron microscopy study. Aust. Endod. J. 2016, 42, 104–111.
[CrossRef]

9. Makati, D.; Shah, N.C.; Brave, D.; Singh Rathore, V.P.; Bhadra, D.; Dedania, M.S. Evaluation of remaining dentin thickness and
fracture resistance of conventional and conservative access and biomechanical preparation in molars using cone-beam computed
tomography: An in vitro study. J. Conserv. Dent. 2018, 21, 324–327. [CrossRef]

10. Jakovljevic, A.; Nikolic, N.; Jacimovic, J.; Pavlovic, O.; Milicic, B.; Beljic-Ivanovic, K.; Miletic, M.; Andric, M.; Milasin, J.
Prevalence of Apical Periodontitis and Conventional Nonsurgical Root Canal Treatment in General Adult Population: An
Updated Systematic Review and Meta-analysis of Cross-sectional Studies Published between 2012 and 2020. J. Endod. 2020, 46,
1371–1386.e8. [CrossRef]

11. Arias, A.; Peters, O.A. Present status and future directions: Canal shaping. Int. Endod. J. 2022. Online ahead of print. [CrossRef]
[PubMed]

12. Ferreira, I.; Soares, S.; Sousa, J.; Barros, J.; Braga, A.C.; Lopes, M.A.; Pina-Vaz, I. New Insight into the Dissolution of Epoxy
Resin-based Sealers. J. Endod. 2017, 43, 1505–1510. [CrossRef] [PubMed]

13. Ferreira, I.; Grenho, L.; Gomes, P.; Braga, A.C.; Fernandes, M.H.; Lopes, M.A.; Pina-Vaz, I. Efficacy and Cytotoxicity of Binary
Mixtures as Root Canal Filling Solvents. Materials 2020, 13, 3237. [CrossRef] [PubMed]

14. Ferreira, I.; Rodrigues, M.E.; Fernandes, L.; Henriques, M.; Pina-Vaz, I. Candida albicans Antimicrobial and Antibiofilm Activity
of Novel Endodontic Solvents. Appl. Sci. 2021, 11, 7748. [CrossRef]

15. Rossi-Fedele, G.; Ahmed, H.M. Assessment of Root Canal Filling Removal Effectiveness Using Micro-computed Tomography:
A Systematic Review. J. Endod. 2017, 43, 520–526. [CrossRef]

16. Horvath, S.D.; Altenburger, M.J.; Naumann, M.; Wolkewitz, M.; Schirrmeister, J.F. Cleanliness of dentinal tubules following
gutta-percha removal with and without solvents: A scanning electron microscopic study. Int. Endod. J. 2009, 42, 1032–1038.
[CrossRef]

17. Takahashi, C.M.; Cunha, R.S.; de Martin, A.S.; Fontana, C.E.; Silveira, C.F.; da Silveira Bueno, C.E. In vitro evaluation of the
effectiveness of ProTaper universal rotary retreatment system for gutta-percha removal with or without a solvent. J. Endod. 2009,
35, 1580–1583. [CrossRef]

18. Tamse, A.; Unger, U.; Metzger, Z.; Rosenberg, M. Gutta-percha solvents—A comparative study. J. Endod. 1986, 12, 337–339.
[CrossRef]

19. Whitworth, J.M.; Boursin, E.M. Dissolution of root canal sealer cements in volatile solvents. Int. Endod. J. 2000, 33, 19–24.
[CrossRef]

20. Ribeiro, D.A.; Matsumoto, M.A.; Marques, M.E.; Salvadori, D.M. Biocompatibility of gutta-percha solvents using in vitro
mammalian test-system. Oral Surg. Oral Med. Oral Pathol. 2007, 103, e106–e109. [CrossRef]

21. Barbosa, S.V.; Burkard, D.H.; Spångberg, L.S. Cytotoxic effects of gutta-percha solvents. J. Endod. 1994, 20, 6–8. [CrossRef]
22. IARC. Monographs on the Evaluation of Carcinogenic Risk to Humans. Available online: https://monographs.iarc.who.int/wp-

content/uploads/2018/06/mono73-10.pdf (accessed on 15 March 2022).
23. Chang, Y.-C.; Chou, M.-Y. Cytotoxicity of Halothane on Human Gingival Fibroblast Cultures In Vitro. J. Endod. 2001, 27, 82–84.

[CrossRef] [PubMed]
24. Martos, J.; Bassotto, A.P.; Gonzalez-Rodriguez, M.P.; Ferrer-Luque, C.M. Dissolving efficacy of eucalyptus and orange oil, xylol

and chloroform solvents on different root canal sealers. Int. Endod. J. 2011, 44, 1024–1028. [CrossRef] [PubMed]
25. Magalhaes, B.S.; Johann, J.E.; Lund, R.G.; Martos, J.; Del Pino, F.A. Dissolving efficacy of some organic solvents on gutta-percha.

Braz. Oral Res. 2007, 21, 303–307. [CrossRef]
26. Ribeiro, D.A.; Marques, M.E.; Salvador, D.M. In vitro cytotoxic and non-genotoxic effects of gutta-percha solvents on mouse

lymphoma cells by single cell gel (comet) assay. Braz. Dent. J. 2006, 17, 228–232. [CrossRef]
27. Zaccaro Scelza, M.F.; Lima Oliveira, L.R.; Carvalho, F.B.; Corte-Real Faria, S. In vitro evaluation of macrophage viability after

incubation in orange oil, eucalyptol, and chloroform. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2006, 102, e24–e27.
[CrossRef]

28. Ferreira, I.; Braga, A.; Lopes, M.; Pina-Vaz, I. Improvement of the efficacy of endodontic solvents by ultrasonic agitation. Saudi
Dent. J. 2021, 33, 39–43. [CrossRef]

29. Hwang, J.I.; Chuang, A.H.; Sidow, S.J.; McNally, K.; Goodin, J.L.; McPherson, J.C. The effectiveness of endodontic solvents to
remove endodontic sealers. Mil. Med. 2015, 180, 92–95. [CrossRef]

30. EPA. Methyl Ethyl Ketone (2-Butanone). Available online: https://www.epa.gov/sites/production/files/2016-09/documents/
methyl-ethyl-ketone.pdf (accessed on 7 March 2022).

31. Garrib, M.; Camilleri, J. Retreatment efficacy of hydraulic calcium silicate sealers used in single cone obturation. J. Dent. 2020,
98, 103370. [CrossRef]

32. Septodont. Endosolv. Available online: https://www.septodont.co.uk/sites/uk/files/2020-06/ENDOSOLV-GB.pdf (accessed on
7 March 2022).

33. Faria-Junior, N.B.; Loiola, L.E.; Guerreiro-Tanomaru, J.M.; Berbert, F.L.; Tanomaru-Filho, M. Effectiveness of three solvents and
two associations of solvents on gutta-percha and resilon. Braz. Dent. J. 2011, 22, 41–44. [CrossRef]

http://doi.org/10.1111/aej.12145
http://doi.org/10.4103/jcd.Jcd_311_17
http://doi.org/10.1016/j.joen.2020.07.007
http://doi.org/10.1111/iej.13698
http://www.ncbi.nlm.nih.gov/pubmed/35118683
http://doi.org/10.1016/j.joen.2017.03.015
http://www.ncbi.nlm.nih.gov/pubmed/28756958
http://doi.org/10.3390/ma13143237
http://www.ncbi.nlm.nih.gov/pubmed/32708117
http://doi.org/10.3390/app11167748
http://doi.org/10.1016/j.joen.2016.12.008
http://doi.org/10.1111/j.1365-2591.2009.01616.x
http://doi.org/10.1016/j.joen.2009.07.015
http://doi.org/10.1016/S0099-2399(86)80033-4
http://doi.org/10.1046/j.1365-2591.2000.00266.x
http://doi.org/10.1016/j.tripleo.2006.11.024
http://doi.org/10.1016/S0099-2399(06)80018-X
https://monographs.iarc.who.int/wp-content/uploads/2018/06/mono73-10.pdf
https://monographs.iarc.who.int/wp-content/uploads/2018/06/mono73-10.pdf
http://doi.org/10.1097/00004770-200102000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11491643
http://doi.org/10.1111/j.1365-2591.2011.01912.x
http://www.ncbi.nlm.nih.gov/pubmed/21658077
http://doi.org/10.1590/S1806-83242007000400004
http://doi.org/10.1590/S0103-64402006000300010
http://doi.org/10.1016/j.tripleo.2006.02.030
http://doi.org/10.1016/j.sdentj.2019.11.006
http://doi.org/10.7205/MILMED-D-14-00379
https://www.epa.gov/sites/production/files/2016-09/documents/methyl-ethyl-ketone.pdf
https://www.epa.gov/sites/production/files/2016-09/documents/methyl-ethyl-ketone.pdf
http://doi.org/10.1016/j.jdent.2020.103370
https://www.septodont.co.uk/sites/uk/files/2020-06/ENDOSOLV-GB.pdf
http://doi.org/10.1590/S0103-64402011000100007


Appl. Sci. 2022, 12, 5492 9 of 10

34. Cavenago, B.C.; Ordinola-Zapata, R.; Duarte, M.A.; del Carpio-Perochena, A.E.; Villas-Boas, M.H.; Marciano, M.A.;
Bramante, C.M.; Moraes, I.G. Efficacy of xylene and passive ultrasonic irrigation on remaining root filling material during
retreatment of anatomically complex teeth. Int. Endod. J. 2014, 47, 1078–1083. [CrossRef] [PubMed]

35. Fruchi Lde, C.; Ordinola-Zapata, R.; Cavenago, B.C.; Hungaro Duarte, M.A.; Bueno, C.E.; De Martin, A.S. Efficacy of recipro-
cating instruments for removing filling material in curved canals obturated with a single-cone technique: A micro-computed
tomographic analysis. J. Endod. 2014, 40, 1000–1004. [CrossRef] [PubMed]

36. Barreto, M.S.; Rosa, R.A.; Santini, M.F.; Cavenago, B.C.; Duarte, M.A.; Bier, C.A.; So, M.V. Efficacy of ultrasonic activation of
NaOCl and orange oil in removing filling material from mesial canals of mandibular molars with and without isthmus. J. Appl.
Oral Sci. 2016, 24, 37–44. [CrossRef] [PubMed]

37. Ferreira, I.; Babo, P.S.; Braga, A.C.; Lopes, M.A.; Gomes, M.E.; Pina-Vaz, I. Supplementary solvent irrigation efficacy on filling
remnants removal comparing XP-endo Finisher R vs IrriSafe. Sci. Rep. 2021, 11, 12659. [CrossRef] [PubMed]

38. Ferreira, I.; Babo, P.S.; Braga, A.C.; Gomes, M.E.; Pina-Vaz, I. Effect of Sonic Agitation of a Binary Mixture of Solvents on Filling
Remnants Removal as an Alternative to Apical Enlargement-A Micro-CT Study. J. Clin. Med. 2020, 9, 2465. [CrossRef] [PubMed]

39. Macedo, R.G.; Robinson, J.P.; Verhaagen, B.; Walmsley, A.D.; Versluis, M.; Cooper, P.R.; van der Sluis, L.W. A novel methodology
providing insights into removal of biofilm-mimicking hydrogel from lateral morphological features of the root canal during
irrigation procedures. Int. Endod. J. 2014, 47, 1040–1051. [CrossRef] [PubMed]

40. Ricucci, D.; Loghin, S.; Gonçalves, L.S.; Rôças, I.N.; Siqueira, J.F., Jr. Histobacteriologic Conditions of the Apical Root Canal
System and Periapical Tissues in Teeth Associated with Sinus Tracts. J. Endod. 2018, 44, 405–413. [CrossRef]

41. Müller, G.G.; Schönhofen, Â.P.; Móra, P.M.; Grecca, F.S.; Só, M.V.; Bodanezi, A. Efficacy of an organic solvent and ultrasound for
filling material removal. Braz. Dent. J. 2013, 24, 585–590. [CrossRef]

42. Trevisan, L.; Huerta, I.R.; Michelon, C.; Bello, M.C.; Pillar, R.; Souza Bier, C.A. The Efficacy of Passive Ultrasonic Activation of
Organic Solvents on Dissolving Two Root Canal Sealers. Iran. Endod. J. 2017, 12, 25–28. [CrossRef]

43. Alzraikat, H.; Taha, N.A.; Hassouneh, L. Dissolution of a mineral trioxide aggregate sealer in endodontic solvents compared to
conventional sealers. Braz. Oral Res. 2016, 30. [CrossRef]

44. Zehnder, M. Root canal irrigants. J. Endod. 2006, 32, 389–398. [CrossRef] [PubMed]
45. Dotto, L.; Sarkis-Onofre, R.; Bacchi, A.; Pereira, G.K.R. The use of solvents for gutta-percha dissolution/removal during

endodontic retreatments: A scoping review. J. Biomed. Mater. Res. Part B Appl. Biomater. 2021, 109, 890–901. [CrossRef] [PubMed]
46. Vajrabhaya, L.O.; Suwannawong, S.K.; Kamolroongwarakul, R.; Pewklieng, L. Cytotoxicity evaluation of gutta-percha solvents:

Chloroform and GP-Solvent (limonene). Oral Surg. Oral Med. Oral Pathol. 2004, 98, 756–759. [CrossRef] [PubMed]
47. Chutich, M.J.; Kaminski, E.J.; Miller, D.A.; Lautenschlager, E.P. Risk assessment of the toxicity of solvents of gutta-percha used in

endodontic retreatment. J. Endod. 1998, 24, 213–216. [CrossRef]
48. Canakci, B.C.; Er, O.; Dincer, A. Do the Sealer Solvents Used Affect Apically Extruded Debris in Retreatment? J. Endod. 2015, 41,

1507–1509. [CrossRef]
49. Keskin, C.; Sariyilmaz, E.; Sariyilmaz, O. Effect of solvents on apically extruded debris and irrigant during root canal retreatment

using reciprocating instruments. Int. Endod. J. 2017, 50, 1084–1088. [CrossRef]
50. Genc Sen, O.; Erdemir, A.; Canakci, B.C. Effect of solvent use on postoperative pain in root canal retreatment: A randomized,

controlled clinical trial. Clin. Oral Investig. 2020, 24, 257–263. [CrossRef]
51. Rotstein, I.; Cohenca, N.; Teperovich, E.; Moshonov, J.; Mor, C.; Roman, I.; Gedalia, I. Effect of chloroform, xylene, and halothane

on enamel and dentin microhardness of human teeth. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 1999, 87, 366–368.
[CrossRef]

52. Erdemir, A.; Eldeniz, A.U.; Belli, S. Effect of the gutta-percha solvents on the microhardness and the roughness of human root
dentine. J. Oral Rehabil. 2004, 31, 1145–1148. [CrossRef]

53. Khedmat, S.; Hashemi, A.; Dibaji, F.; Kharrazifard, M.J. Effect of chloroform, eucalyptol and orange oil solvents on the microhard-
ness of human root dentin. J. Dent. 2015, 12, 25–30.

54. Topcuoglu, H.S.; Demirbuga, S.; Tuncay, O.; Arslan, H.; Kesim, B.; Yasa, B. The bond strength of endodontic sealers to root dentine
exposed to different gutta-percha solvents. Int. Endod. J. 2014, 47, 1100–1106. [CrossRef] [PubMed]

55. Ferreira, I.; Braga, A.C.; Pina-Vaz, I. Effect of Gutta-percha Solvents on the Bond Strength of Sealers to Intraradicular Dentin:
A Systematic Review. Iran. Endod. J. 2021, 16, 17–25. [CrossRef]

56. Nalci, G.; Alaçam, T.; Altukaynak, B. Microhardness evaluation of root dentin after using resin sealer solvents. J. Dent. Res. Dent.
Clin. Dent. Prospects 2021, 15, 256–261. [CrossRef] [PubMed]

57. Ferreira, I.; Braga, A.C.; Lopes, M.A.; Pina-Vaz, I. Adjunctive procedure with solvent mixtures in non-surgical endodontic
retreatment: Does it affect root dentin hardness? Odontology 2021, 109, 812–818. [CrossRef]

58. Arslan, H.; Yeter, K.Y.; Karatas, E.; Yilmaz, C.B.; Ayranci, L.B.; Ozsu, D. Effect of agitation of EDTA with 808-nm diode laser on
dentin microhardness. Lasers Med. Sci. 2015, 30, 599–604. [CrossRef]

59. Akbulut, M.B.; Terlemez, A. Does the Photon-Induced Photoacoustic Streaming Activation of Irrigation Solutions Alter the Dentin
Microhardness? Photomed. Laser Surg. 2019, 37, 38–44. [CrossRef]

60. Ricucci, D.; Siqueira, J.F., Jr. Biofilms and apical periodontitis: Study of prevalence and association with clinical and histopathologic
findings. J. Endod. 2010, 36, 1277–1288. [CrossRef]

http://doi.org/10.1111/iej.12253
http://www.ncbi.nlm.nih.gov/pubmed/24456216
http://doi.org/10.1016/j.joen.2013.12.011
http://www.ncbi.nlm.nih.gov/pubmed/24935552
http://doi.org/10.1590/1678-775720150090
http://www.ncbi.nlm.nih.gov/pubmed/26200525
http://doi.org/10.1038/s41598-021-92175-2
http://www.ncbi.nlm.nih.gov/pubmed/34135434
http://doi.org/10.3390/jcm9082465
http://www.ncbi.nlm.nih.gov/pubmed/32752148
http://doi.org/10.1111/iej.12246
http://www.ncbi.nlm.nih.gov/pubmed/24397845
http://doi.org/10.1016/j.joen.2017.12.005
http://doi.org/10.1590/0103-6440201302252
http://doi.org/10.22037/iej.2017.05
http://doi.org/10.1590/1807-3107BOR-2016.vol30.0016
http://doi.org/10.1016/j.joen.2005.09.014
http://www.ncbi.nlm.nih.gov/pubmed/16631834
http://doi.org/10.1002/jbm.b.34753
http://www.ncbi.nlm.nih.gov/pubmed/33155731
http://doi.org/10.1016/j.tripleo.2004.05.002
http://www.ncbi.nlm.nih.gov/pubmed/15583552
http://doi.org/10.1016/S0099-2399(98)80098-8
http://doi.org/10.1016/j.joen.2015.02.010
http://doi.org/10.1111/iej.12729
http://doi.org/10.1007/s00784-019-02948-3
http://doi.org/10.1016/S1079-2104(99)70225-8
http://doi.org/10.1111/j.1365-2842.2004.01368.x
http://doi.org/10.1111/iej.12257
http://www.ncbi.nlm.nih.gov/pubmed/24483251
http://doi.org/10.22037/iej.v16i1.29297
http://doi.org/10.34172/joddd.2021.042
http://www.ncbi.nlm.nih.gov/pubmed/35070179
http://doi.org/10.1007/s10266-021-00603-6
http://doi.org/10.1007/s10103-013-1364-8
http://doi.org/10.1089/photob.2018.4529
http://doi.org/10.1016/j.joen.2010.04.007


Appl. Sci. 2022, 12, 5492 10 of 10

61. Siqueira, J.F., Jr.; Rôças, I.N. Present status and future directions: Microbiology of endodontic infections. Int. Endod. J. 2021. Online
ahead of print. [CrossRef]

62. Karlovic, Z.; Anic, I.; Miletic, I.; Prpic-Mehicic, G.; Pezelj-Ribaric, S.; Marπan, T. Antibacterial Activity of Halothane, Eucalyptol
and Orange Oil. Acta Stomat. Croat. 2000, 34, 307–309.

63. Edgar, S.W.; Marshall, J.G.; Baumgartner, J.C. The antimicrobial effect of chloroform on Enterococcus faecalis after gutta-percha
removal. J. Endod. 2006, 32, 1185–1187. [CrossRef]

64. Subbiya, A.; Padmavathy, K.; Mahalakshmi, K. Evaluation of the antibacterial activity of three gutta-percha solvents against
Enterococcus faecalis. Int. J. Artif. Organs 2013, 36, 358–362. [CrossRef] [PubMed]

65. Martos, J.; Ferrer Luque, C.M.; González-Rodríguez, M.P.; Arias-Moliz, M.T.; Baca, P. Antimicrobial activity of essential oils and
chloroform alone and combinated with cetrimide against Enterococcus faecalis biofilm. Eur. J. Microbiol. Immunol. 2013, 3, 44–48.
[CrossRef] [PubMed]

66. Zancan, R.F.; Calefi, P.H.S.; Borges, M.M.B.; Lopes, M.R.M.; de Andrade, F.B.; Vivan, R.R.; Duarte, M.A.H. Antimicrobial activity
of intracanal medications against both Enterococcus faecalis and Candida albicans biofilm. Microsc. Res. Tech. 2019, 82, 494–500.
[CrossRef] [PubMed]

67. Alves, F.R.; Almeida, B.M.; Neves, M.A.; Moreno, J.O.; Rocas, I.N.; Siqueira, J.F., Jr. Disinfecting oval-shaped root canals:
Effectiveness of different supplementary approaches. J. Endod. 2011, 37, 496–501. [CrossRef]

68. Alshanta, O.A.; Shaban, S.; Nile, C.J.; McLean, W.; Ramage, G. Candida albicans Biofilm Heterogeneity and Tolerance of Clinical
Isolates: Implications for Secondary Endodontic Infections. Antibiotics 2019, 8, 204. [CrossRef]

69. Siqueira, J.F., Jr. Aetiology of root canal treatment failure: Why well-treated teeth can fail. Int. Endod. J. 2001, 34, 1–10. [CrossRef]
70. Siqueira, J.F., Jr.; Rôças, I.N. A critical analysis of research methods and experimental models to study the root canal microbiome.

Int. Endod. J. 2022, 55 (Suppl. S1), 46–71. [CrossRef]

http://doi.org/10.1111/iej.13677
http://doi.org/10.1016/j.joen.2006.07.002
http://doi.org/10.5301/ijao.5000209
http://www.ncbi.nlm.nih.gov/pubmed/23504811
http://doi.org/10.1556/EuJMI.3.2013.1.6
http://www.ncbi.nlm.nih.gov/pubmed/24265917
http://doi.org/10.1002/jemt.23192
http://www.ncbi.nlm.nih.gov/pubmed/30597714
http://doi.org/10.1016/j.joen.2010.12.008
http://doi.org/10.3390/antibiotics8040204
http://doi.org/10.1046/j.1365-2591.2001.00396.x
http://doi.org/10.1111/iej.13656

	Introduction 
	Evolution of Endodontic Solvent Compounds 
	Solvent Specificity 
	Moment of Use 
	Solvent Agitation 
	Biocompatibility 
	Effects on Dentin Structure 
	Antimicrobial/Antibiofilm Activity 
	Future Directions 
	Concluding Remarks and Limitations 
	References

