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Introduction
Retreatment is generally preferred as the first treatment 
option when primary root canal therapy fails. The first 
step of retreatment involves the removal of the previous 
root canal filling, which typically consists mainly of gutta-

percha and root canal sealer. Various gutta-percha solvents 
have been recommended to facilitate the removal of gut-
ta-percha to date (1).

Chloroform has been reported in various studies as a very 
effective and fast gutta-percha solvent (2,3). However, re-

Purpose: This study compared the effects of solvents (chloroform, orange oil, turpentine, eucalyptol, 
Endosolv R) and irrigants (5.25% sodium hypochlorite [NaOCl], distilled water) on the adhesion of glass 
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eucalyptol.

Conclusion: Turpentine and NaOCl adversely affected glass fiber post adhesion, likely due to solvent 
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searchers continue to search for safer alternatives due to 
the potential carcinogenicity of chloroform (2).

Orange oil, an essential oil, has been recommended as a 
biocompatible alternative to chloroform for gutta-percha 
dissolution (4). Eucalyptol is another non-carcinogenic 
and less aggressive gutta-percha solvent; however, Wour-
ms et al. (2) reported that its solvent effect was weaker 
compared to chloroform.

Turpentine is an organic solvent extracted from pine trees. 
It can partially soften gutta-percha within a few minutes at 
body temperature, thus facilitating the removal of gutta-
percha bulk from root canals (5). Furthermore, Kaplowitz 
suggested that the partial softening effect of turpentine 
might provide an advantage during post preparation pro-
cedures (5).

Endosolv R is a synthetic root canal filling solvent com-
posed of 66.5g of formamide and 33.5g of phenylethyl 
alcohol per 100g of Endosolv R. It is recommended for 
the removal of phenolic resin-based root canal fillings (6).

Endodontically treated teeth are more susceptible to bio-
mechanical failures than vital teeth (7). Consequently, 
these teeth may lose their coronal structure due to recur-
rent caries or even the regular mechanical stresses of daily 
function. In such cases, post systems are required to sup-
port core restorations, particularly when endodontically 
treated teeth have suffered extensive structural loss.

Currently, glass fiber posts are preferred due to their su-
perior esthetic properties compared to metal alloy posts, 
which tend to corrode over time and may cause gingival 
discoloration (8). Moreover, the elastic modulus of glass 
fiber posts is similar to that of dentin and resin cements 
(9), resulting in more homogeneous stress distribution 
compared to metal posts (10), thereby reducing the risk 
of root fracture (11).

Furthermore, glass fiber posts are capable of transmitting 
light along their length, which enhances the polymeriza-
tion quality of dual-cure resin cements (12).

Resin cements are commonly used to bond glass fiber 
posts within root canals, and the success of this adhesion 
depends on multiple factors, including the complexity of 
the root canal system, adequate cleaning of the post space, 
and the proper manipulation and delivery of resin cement 
throughout the canal (13).

For the removal of root canal fillings, H-type files and 
various endomotor-assisted NiTi retreatment file systems 
can be used, either with or without solvents (1). Copious 
irrigation is also necessary to flush out remnants of root 
canal filling material during the removal process.

However, previous studies have shown that the bonding 
strength of resin-based dental materials may be affected 

by chemical agents used in root canal treatment, such as 
sodium hypochlorite (NaOCl), EDTA, and chlorhexidine 
(14-16). Moreover, one study reported that the root canal 
solvent chloroform interfered with the adhesion of root 
canal sealers to root dentin (17). Similarly, Shokouhine-
jad et al. (18) demonstrated that retreatment procedures 
detrimentally affected the adhesion of Resilon/Epiphany 
root canal filling materials.

The aim of the present study was to compare the effects 
of different solvents, chloroform, orange oil, turpentine, 
eucalyptol, and Endosolv R, and commonly used irrigants, 
sodium hypochlorite and distilled water, on the adhesion 
of glass fiber posts luted with a dual-cure resin cement, us-
ing a push-out bond strength test in retreatment-required 
cases.

The null hypothesis stated that the use of different sol-
vents and sodium hypochlorite does not affect the bond 
strength of glass fiber posts to root canal dentin.

Materials and Methods
The study protocol was approved by the Clinical Research 
Ethics Committee of Ordu University (protocol number 
2015/12). The protocol of this study was carried out in 
accordance with the guidelines outlined in the Declara-
tion of Helsinki.

A total of 128 extracted human mandibular premolars 
with fully formed apices and straight root canals were used 
in this study. Teeth with calcified canals, extensive caries 
involving the roots, previous endodontic treatment, inter-
nal or external root resorption, or any signs of previous 
root canal treatment were excluded.

The crowns were removed using a high-speed bur un-
der water cooling, leaving a standardized root length of 
17 mm. A #10 K-file (Dentsply Maillefer) was inserted 
into the canal until it became visible at the apical fora-
men. Working length was established by subtracting 1mm 
from this measurement. Teeth that did not allow suffi-
cient working length for standard post preparation were 
replaced at this stage.

Root canals were prepared using primary WaveOne Gold 
files (#25/.07) mounted on an X-Smart Plus endomotor 
operating in WaveOne Gold mode. During preparation, 
canals were irrigated with 5 mL of 5.25% sodium hypo-
chlorite (NaOCl) using a syringe and a 30-gauge needle 
(NaviTip; Ultradent, South Jordan, UT, USA). Each Wa-
veOne Gold file was used for a maximum of three canals 
before being discarded.

Final irrigation was performed sequentially with 1 mL 
of 17% EDTA, 1 mL of distilled water, 1 mL of 5.25% 
NaOCl, and finally 1 mL of distilled water to remove any 
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residual irrigants. The canals were then dried with #25 ab-
sorbent paper points.

Sixteen roots were randomly selected as the control group, 
and their canal orifices were sealed with a temporary re-
storative material (Cavit G; 3M ESPE, Germany).

The remaining teeth were obturated using an epoxy res-
in-based sealer (AH Plus; Dentsply Maillefer), a primary 
WaveOne Gold gutta-percha master cone, and #25 acces-
sory gutta-percha cones (Diadent, Almere, Holland) us-
ing the cold lateral condensation technique. The coronal 
1mm of the root canal filling was removed, and the space 
was sealed with temporary restorative material (Cavit; 3M 
ESPE, Seefeld, Germany).

All specimens were wrapped in pieces of sponge and stored 
at 37 °C in 100% humidity for two weeks.

At the end of the storage period, the specimens were ran-
domly divided into eight groups as described below:

Control Group: Specimens without root canal filling 
(n=16)

Distilled Water Group: Root canal filling removal using 
NiTi retreatment files with distilled water as the irrigant 
(n=16)

NaOCl Group: Root canal filling removal using NiTi 
retreatment files with 5.25% sodium hypochlorite as the 
irrigant (n=16)

Endosolv R Group: Root canal filling removal using NiTi 
retreatment files with Endosolv R as the solvent (n=16)

Eucalyptol Group: Root canal filling removal using NiTi 
retreatment files with eucalyptol as the solvent (n=16)

Orange Oil Group: Root canal filling removal using NiTi 
retreatment files with orange oil as the solvent (n=16)

Turpentine Group: Root canal filling removal using NiTi 
retreatment files with turpentine as the solvent (n=16)

Chloroform Group: Root canal filling removal using 
NiTi retreatment files with chloroform as the solvent 
(n=16)

Retreatment phase

The D-Race NiTi retreatment file system (FKG Den-
taire, La Chaux-de-Fonds, Switzerland), consisting of D1 
(15mm length, .10 taper, size 30, active tip; operated at 
1000 rpm and 1.5 Ncm torque) and D2 (25mm length, 
.04 taper, size 25, inactive tip; operated at 600 rpm and 
1.0 Ncm torque) files, was used during the retreatment 
phase for all specimens.

In the distilled water group, the D1 file was advanced 
1–2mm into the root canal filling, followed by irrigation 
with distilled water. The D1 file was then reintroduced 

into the canal until resistance was felt. Upon encounter-
ing resistance, the file was removed, cleaned with gauze 
moistened with distilled water, and the canal was irrigated 
again with distilled water. These steps were repeated until 
complete removal of the coronal root filling. The remain-
ing root filling material was subsequently removed using 
the D2 file, following the same procedure.

In the NaOCl group, the root canal filling was removed 
following the same protocol described for the distilled wa-
ter group, except 5.25% NaOCl was used as the irrigant.

In the groups utilizing solvents, the D1 file was first ad-
vanced 1–2mm into the root canal filling, followed by ir-
rigation with 5.25% NaOCl. The access cavity was then 
dried with paper cones and cotton pellets. A drop of the 
tested solvent was applied to the root canal filling for 
30 seconds, after which the coronal root filling was re-
moved using the D1 file operated at 1000 rpm and 1.5 
Ncm torque. If resistance was encountered, the file was re-
moved, cleaned with gauze moistened with distilled water, 
and the canal was irrigated with NaOCl. After drying, an-
other drop of the tested solvent was placed for 30 seconds, 
and instrumentation was continued until the coronal root 
filling was completely removed. The remaining root filling 
was removed using the D2 file operated at 600 rpm and 
1.0 Ncm torque, following the same steps.

Following the retreatment procedures, all specimens, 
including the control group (which had not been obtu-
rated), were instrumented using a WaveOne Gold Me-
dium file (35/.06) (Dentsply Maillefer) mounted on an 
X-Smart Plus (Dentsply Maillefer) endomotor operating 
in WaveOne Gold mode.

Refilling of the specimens

A Medium 35/.06 WaveOne Gold gutta-percha cone 
(Dentsply Maillefer) was coated with AH Plus (Dentsply 
Maillefer) root canal sealer and placed into the root canals 
of all specimens. A size 0 Buchanan heat plugger, mount-
ed on the down-pack unit of the ElementsFree obtura-
tion system, was used to remove the gutta-percha above 
5mm from the apical foramen. The remaining apical 5mm 
of gutta-percha was then condensed using the same heat 
plugger.

Post placement

The post space was prepared up to 1.8mm in diameter us-
ing a Piezzo Reamer canal drill set (Cytec Blanco; Hahn-
enkratt GmbH, Königsbach, Germany). The post space 
was irrigated with distilled water after each drill change, 
and an EndoActivator (Dentsply, Tulsa Dental Specialties, 
Tulsa, OK, USA) with a large-sized tip (35/.04) was used 



for final irrigation to eliminate any remnants from the post 
space.

A self-etch adhesive system (Clearfil SE Bond 2; Kuraray 
Co., Inc., Osaka, Japan) was applied to the post cavities of 
all specimens according to the manufacturer’s instructions. 
Glass fiber posts were then cemented into the cavities using 
a dual-cure resin cement (RelyX U200; 3M ESPE, Min-
nesota, USA).

Obtaining slice samples

The specimens with placed glass fiber posts were embed-
ded in autopolymerizing acrylic blocks measuring 2.5 cm 
in height and 10mm in diameter. From the coronal region 
of the posts, located 14mm from the root apex, 1-mm-
thick slices were obtained using a water-cooled diamond 
saw mounted on a low-speed precision cutting machine 
(Mecatome T180; Presi, Eybens, France) operating at 750 
rpm. The coronal side of each slice was marked with a fine-
tipped indelible marker for the push-out tests and then 
stored in a 1.5 mL Eppendorf tube. 

The push-out tests

The slices were placed on a plastic holder with a 1.7mm 
diameter hole, allowing the passage of a 1.1mm cylindrical 
stainless steel pushing tip. The pushing tip, mounted on 
the head of a universal testing machine (Autograph AGS-X; 
Shimadzu Co., Japan) equipped with a 5000 N load cell, 
was positioned at the center of the glass fiber post within 
the slice. A compressive force was applied at a crosshead 
speed of 1 mm/min until the post was dislodged from the 
surrounding dentin. The required force was recorded and 
automatically converted to megapascals (MPa) by the soft-
ware of the universal testing machine.

Statistical Analysis
The normality of the data distribution was assessed using 
the Shapiro-Wilk test. One-way ANOVA and post hoc 
Tukey tests were used to evaluate the significance between 
groups at a 95% confidence level. All statistical analyses 
were performed using SPSS version 21.0 software (SPSS 
Inc., Chicago, IL, USA).

Results
Turpentine significantly reduced the bonding strength of 
the glass fiber post to dentin compared to other the sol-
vents tested in this study. Whereas, Endosolv R, chloro-
form and eucalyptol were statistically similar to the control 
group. (p>0.05). 

Table 1 presents the mean and standard deviation values 
of the bond strength between glass fiber posts and dentin 
following the use of different solvents.

Bond strength in the control and eucalyptol groups was 
found to be significantly higher than in the sodium hy-
pochlorite and turpentine groups (p<0.05). The bond 
strength observed in the distilled water group was similar 
to that of all other groups. Bond strength in the turpen-
tine group was significantly lower than in the control, eu-
calyptol, Endosolv R, chloroform, and orange oil groups 
(p<0.05). Among all groups, the lowest bond strength 
was observed with the use of turpentine. The highest 
bond strength was recorded in the eucalyptol group. Bond 
strengths in the eucalyptol, Endosolv R, chloroform, and 
orange oil groups were comparable to that of the control 
group.

Discussion
Endodontic retreatment, which has an approximate suc-
cess rate of 80%, is a preferred treatment option when 
conventional root canal therapy fails (19). The main goals 
of this procedure are to regain access to the apical region 
by removing the existing root canal filling, disinfect the 
root canal system, and subsequently perform proper ob-
turation. Achieving these objectives requires the effective 
removal of the often-infected root canal filling material 
(20). Various methods—relying on the use of ultrasonic 
devices, lasers, solvents, and heat-transfer systems, either 
alone or in combination—have been recommended to en-
hance removal efficacy (4, 21-24).

The persistence of apical periodontitis after initial root ca-
nal treatment remains a significant clinical challenge, of-
ten necessitating endodontic retreatment. With a reported 
success rate of approximately 80% (19), retreatment is the 
preferred option when conventional root canal therapy 
fails. The primary objectives of this procedure are to re-
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Table 1.	 Mean and standard deviation values of bond strength 
(MPa) between glass fiber posts and dentin after the use 
of different solvents. Different lowercase letters indicate 
statistically significant differences between groups 
(p<0.05).

Groups	 n	 Mean (STD)

Control	 16	 43,87±10,36a

Distilled water	 16	 33.86 ±20.79abc

Sodium hypochlorite	 16	 23.26±10.37bc

Endosolv	 16	 37.46±16.86ab

Eucalyptol	 16	 44.1±16.08a

Orange oil	 16	 33.4637±14.52ab

Turpentine	 16	 16.85±12.67c

Chloroform	 16	 36.07±16.47ab

p			   0.000



gain access to the apical region by removing the previous 
root canal filling, thoroughly disinfect the canal system, 
and ensure a hermetic re-obturation.

Achieving these goals largely depends on the effective re-
moval of the existing root canal filling materials, which 
are frequently associated with persistent microbial con-
tamination (20). To enhance the efficacy of filling ma-
terial removal, various adjunctive techniques have been 
proposed, including the use of ultrasonic devices, laser 
systems, chemical solvents, and heat-assisted approaches 
(4, 21-24).

Despite these advancements, complete removal of filling 
materials remains a challenge, and the choice of solvent 
may influence not only the cleaning efficacy but also sub-
sequent procedures, such as glass fiber post placement. In 
this context, the present study aimed to evaluate how dif-
ferent solvents used during retreatment affect the bond 
strength between glass fiber posts and root dentin.

Post systems are required to restore endodontically treat-
ed teeth with extensive loss of coronal structure. Among 
these systems, glass fiber posts are frequently preferred by 
clinicians due to their advantageous properties, including 
an elastic modulus similar to that of dentin (9), favorable 
esthetics (8), and a reduced risk of root fracture (11). One 
of the key determinants of the long-term success of post 
systems is the bonding strength between the post and root 
dentin, which can be assessed by various mechanical tests 
such as push-out (25), pull-out (26), and microtensile 
tests (14).

While the microtensile test is highly sensitive, it is associ-
ated with a high risk of premature failure. The pull-out 
test, although useful for evaluating the bond strength 
of the entire root, does not allow regional comparisons. 
The push-out test, on the other hand, is considered more 
suitable for studies like the present one, as it enables the 
evaluation of bond strength at different levels of the root 
and can better simulate clinical conditions by adjusting the 
direction of the applied load (13). However, this method 
may produce inaccurate results with thicker slices due to 
uneven stress distribution. To overcome this limitation, 
the use of 1 mm-thick slices has been recommended (25). 
Therefore, in this study, 1 mm-thick slices from the coro-
nal region of the root were used to evaluate the bonding 
strength of glass fiber posts to root dentin.

Previous studies have shown that root canal irrigants such 
as NaOCl, EDTA, and chlorhexidine affect the bonding 
strength of resin-based materials to root dentin by alter-
ing both the organic and inorganic components of dentin 
or leaving remnants such as oxygen radicals (14-16). In 
addition, Morris et al. (27) also reported that NaOCl in-
terferes with the infiltration of resin-based materials into 

demineralized dentin, thereby detrimentally affecting the 
bonding strength. Similarly, the root canal filling solvent 
chloroform has been shown to interfere with the adhe-
sion of root canal sealers to root dentin (17). In line with 
these findings, Shokouhinejad et al. (18) reported that the 
retreatment procedure negatively impacted the adhesion 
of resilon/epiphany root canal fillings. A previous study 
by Kaufman et al. (28), which reported that root canal fill-
ing solvents such as chloroform, xylene, and Endosolv E 
could affect the calcium and phosphorus levels in dentin, 
may provide an explanation for these effects.

This study was based on a case scenario involving the 
resin-post requirements of a retreatment case. The com-
monly recommended root canal solvents, including Endo-
solv R, eucalyptol, orange oil, turpentine, and chloroform, 
were compared to determine their effect on the bonding 
strength of glass fiber posts. Additionally, a previous study 
showed that root canal sealers could detrimentally affect 
the bonding strength of glass fiber posts to root dentin 
(29). Thus, a control group was created using specimens 
of posts cemented into prepared, but not filled, root ca-
nals. Another important consideration is the detrimental 
effect of the commonly used irrigant NaOCl on resin-
based dental cements due to the degradation of NaOCl 
into chloride and oxygen radicals. Subsequently, the re-
leased oxygen radicals inhibit the polymerization of the 
resin and interfere with its penetration into the demin-
eralized dentin (27). Therefore, these findings led us to 
include the “distilled water” and “NaOCl” experimental 
groups in this study.

In this study, comparison of distilled water and the control 
group shows no statistical differences in bonding strength. 
On the other hand, the NaOCl decreased the bonding 
strength. The coronal third of the root has a larger surface 
area than the other regions of the root so, more irrigant 
circulated in the coronal third of the root. Thus, the coro-
nal region of the root encountered more oxygen radicals 
released from NaOCl, which might be responsible for the 
decrease in bonding strength in the coronal region (27). 
Clinicians might consider the use of antioxidant agents 
such as Sodium thiosulfate (Na2S2O3) for improve the 
decreased bonding strength due to NaOCl. 

Previous studies revealed that solvents used for retreat-
ment have an effect on the mineral levels of dentin 
(28,30), which may have affected the bonding strength of 
resin-based dental materials. Additionally, solvent residues 
in the root canal might interfere with the chemical set-
ting reactions of resins, negatively affecting the bonding 
strength of resin post systems. Furthermore, solvents may 
cause remnants of gutta-percha to remain, as they dissolve 
the material and potentially coat the dentin walls of the 
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canal, thereby compromising the bond strength between 
resin post systems and dentin by forming a physical bar-
rier.

The results of this study showed that the use of turpentine 
as a retreatment solvent resulted in a statistically significant 
decrease in the bonding strength of glass fiber posts. How-
ever, the other tested solvents did not show a statistically 
significant reduction in bonding strength. The removal 
of dentin affected by solvents during post space prepara-
tion up to 1.8mm in diameter using a Piezzo Reamer ca-
nal drill set (Cytec Blanco) may explain why a significant 
reduction in bonding strength was not observed for the 
other solvents. On the other hand, turpentine may have 
penetrated the dentinal tubules more deeply than the oth-
er tested solvents, and could not be completely eliminated 
during the post preparation process, resulting in decreased 
bonding strength. Further research is needed to evaluate 
the penetration of different solvents into dentin and the 
alterations they cause on the root canal dentin surface for 
a more precise explanation.

One of the primary limitations of this study is that it was 
conducted using extracted human teeth. The physiologi-
cal changes that occur in dentinal tubules post-extraction, 
such as dehydration, collapse of the tubule structure, or 
altered permeability, may influence the interaction and 
bonding performance of resin-based materials. Conse-
quently, the results obtained under these in vitro condi-
tions may not fully reflect the clinical behavior of the ma-
terials under in vivo circumstances. 

Within the limitations of this in vitro study, it can be con-
cluded that the type of solvent used during endodontic 
retreatment may influence the bonding strength of glass 
fiber posts to root dentin. Among the tested solvents, tur-
pentine caused a statistically significant decrease in bond 
strength, likely due to deeper dentin penetration and in-
complete removal during post space preparation. In con-
trast, other commonly used solvents did not adversely 
affect bonding performance under the tested conditions. 
Additionally, sodium hypochlorite negatively impacted ad-
hesion, possibly due to the release of oxygen radicals, sug-
gesting that the use of antioxidant agents may be benefi-
cial. These findings underscore the importance of careful 
solvent selection during retreatment, particularly in cases 
where post placement is planned. 

Based on these results, the null hypothesis was partially 
rejected, as only turpentine and sodium hypochlorite were 
found to have a significant negative effect on the adhesion 
of glass fiber posts.

Conclusion

Further in vivo research is warranted to comprehensively 
evaluate the interactions between endodontic solvents and 
the dentin substrate, particularly in terms of their depth 
of penetration and long-term effects on adhesive bonding 
and clinical outcomes. Additionally, potential chemical in-
teractions between residual solvents and adhesive systems 
may also impact bond strength, highlighting the need for 
further investigation into this aspect.
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