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Introduction
During the mechanical preparation of the root canals, 
a layer was formed on the root canal surface called the 
smear layer. It was shown that the smear layer consists of 
dentin chips, odontoblastic processes, vital and necrotic 
pulp remnants, and microorganisms (1). Failure to remove 
the smear layer could inhibit the penetration of disinfect-

ing solutions, medicaments, and root canal sealers into 
dentinal tubules (2,3). The smear layer consists of both 
organic and inorganic tissues. While the organic part can 
be removed by sodium hypochlorite (NaOCl), another ir-
rigation solution is needed to remove the inorganic part of 
the smear layer. Ethylenediaminetetraacetic acid (EDTA) 
is the most commonly used irrigation solution to remove 
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the inorganic part of the smear layer. Citric acid (CA) is 
one of the other irrigation solutions used to remove the 
inorganic part of the smear layer from root canal walls. 
It was previously stated that CA and EDTA have similar 
effects on smear layer removal (4). However, it was also 
shown that the combination of these solutions with Na-
OCl may have some disadvantages, such as reducing the 
antibacterial and tissue-dissolving capacity of NaOCl and 
increasing the destruction of the root canal dentin (5–7). 
Additionally, decreasing the microhardness of the dentin 
and causing erosion on the root canal dentin are other 
disadvantages of both EDTA and CA, which may result 
in vertical root fracture (8,9). Therefore, alternative solu-
tions are needed that can be used as final irrigation solu-
tions for removing the inorganic part of the smear layer.

One-bisphosphanate, 1-hydroxyethylidene-1, or etidronic 
acid (HEBP) is an irrigation solution that has the advan-
tage of not changing the tissue-dissolution and antibac-
terial effects of NaOCl (10,11). Some other advantages 
related to the use of the NaOCl-HEBP combination have 
been stated, such as optimizing the bonding of root canal 
fillings to the root canal dentin and preventing the accu-
mulation of dentinal debris during root canal preparation 
(12,13). The solution’s effect on smear layer removal is 
promising. In a previous study, it was stated that 9% and 
18% HEBP have similar effects on smear layer removal as 
17% EDTA in the coronal and middle third of the root 
canal, and are more effective than 17% EDTA in the apical 
third of the root canal (14).

Glycolic acid (GA), or hydroxyacetic acid, is included in 
the alpha-hydroxy acid group. GA is frequently used as an 
organic acid in skin cosmetics (15). In a recent study, the 
effect of GA as a surface etchant on the enamel and dentin 
was evaluated, and the results were promising (16). Owing 
to its low pKa value and organic structure, GA is suggest-
ed as an alternative to other irrigation solutions to remove 
the smear layer from root canals (17). Although 17% GA 
showed a reduced apatite/collagen ratio compared to 10% 
GA, flexural strength was similar at each concentration 
(18). To our knowledge, no study compares the effects of 
HEBP and different concentrations of GA, which are re-
cently suggested irrigation solutions, with EDTA and CA 
on the fracture resistance of endodontically treated teeth.

The goal of the current study was to compare the effects 
of 5%, 10%, and 17% GA, 17% EDTA, and 10% CA on 
the fracture strength of endodontically treated premolars 
when used as an irrigation solution. The null hypothesis 
was that there would be no difference between the tested 
groups regarding the fracture strength of endodontically 
treated teeth.

Materials and Methods
The protocol of this in vitro study was approved by the 
Eskişehir Osmangazi University ethics committee with the 
number 09/25.05.2021. Eighty-eight mandibular premo-
lar teeth were selected for this study. The teeth were re-
cently extracted due to periodontal reasons. Teeth having a 
single root and root canal (radiographs were taken to con-
firm the presence of a single root canal), fully developed 
roots, absence of root cracks and resorption, and a root 
curvature of no more than 20º were included in the study. 
Bucco-lingual and mesio-distal dimensions at the cemen-
toenamel junction were measured using a digital caliper; 
sizes ranging from 7.1 to 7.7 mm and 5.0 to 5.7 mm, re-
spectively, were included in the study. Teeth were stored in 
saline solution at room temperature until undergoing the 
experimental procedure. The height of all specimens was 
fixed at 20 mm for standardization. Eleven intact speci-
mens were preserved as the negative control. After coronal 
access cavity preparation of the remaining 77 specimens, 
the working length was determined to be 1 mm short of 
the apical foramen using a 10 K-file for each specimen. 
The root canals were prepared with Reciproc #50 (VDW 
GmbH, Munich, Germany). During preparation, root ca-
nals were irrigated with 5% NaOCl. After root canal prepa-
ration, specimens were divided into 8 groups for the final 
irrigation procedure (n = 11).

Group 1 (negative control): Intact specimens were pre-
served as the negative control.

Group 2 (positive control): Specimens were irrigated with 
only distilled water for final irrigation. 

Group 3 (EDTA): Root canals were irrigated with 3 mL of 
17% EDTA (Endo-Solution, CERKAMED, Poland), 3 mL 
of 2.5% NaOCl, and 3 mL of distilled water, respectively. 

Group 4 (CA): Root canals were irrigated with 3 mL of 
10% CA (CERKAMED, Poland), 3 ml of 2.5% NaOCl, and 
3 mL of distilled water, respectively.

Group 5 (HEBP): An 18% HEBP solution was obtained by 
diluting 60% HEBP with distilled water. Three milliliters of 
18% HEBP was mixed with 3 mL of 5% NaOCl to obtain 
a single solution. The final concentrations of HEBP and 
NaOCl in the mixed solution were 9% and 2.5%, respec-
tively. Six milliliters of the mixed solution were used as the 
final irrigant, then the root canals were irrigated with 3 mL 
of distilled water.

Group 6 (5% GA): Root canals were irrigated with 3 mL of 
5% GA (Doa Kimya, Turkey), 3 mL of 2.5% NaOCl, and 3 
mL of distilled water, respectively.

Group 7 (10% GA): Root canals were irrigated with 3 mL 
of 10% GA, 3 mL of 2.5% NaOCl, and 3 mL of distilled 
water, respectively.
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Group 8 (17% GA): Root canals were irrigated with 3 mL 
of 17% GA, 3 mL of 2.5% NaOCl, and 3 mL of distilled 
water, respectively.

The total volume of final irrigation solutions was 9 mL for 
all groups, and 5%, 10%, and 17% GA, 17% EDTA, and 
10% CA were used for 1 minute during the irrigation pro-
cedure of each sample.

After the final irrigation procedure, the root canals were 
dried with paper points and obturated with a gutta-per-
cha/sealer (AH-Plus, DENTSPLY, DeTreyGmBH, Kon-
stanz, Germany) combination using the cold lateral con-
densation technique. Access cavities were then cleaned 
and filled with composite resin (Clearfil Majesty Posterior, 
Kuraray, Japan) after applying the bonding agent (Clearfil 
S3 Bond, Kuraray, Japan). Specimens were covered with 
polyvinyl siloxane impression material (Elite HD+ Light 
Body, Zhermack, Italy) up to 2 mm below the cementoe-
namel junction to simulate the periodontal ligament. Next, 
the specimens were immersed in self-curing acrylic resin up 
to 2 mm below the cementoenamel junction. Specimens 
were stored at 37 ºC and 100% humidity until the fracture 
strength test.

A universal testing machine (Model 4202; Instron) was 
used to measure the force required to fracture the speci-
mens. A vertical load at a speed of 1 mm/min was applied 
with a spherical steel ball. The maximum load required to 
fracture the specimen, which was determined by the In-
stron machine using the sharp drop in force, was recorded 
in Newtons.

Specimens were then observed under a stereomicroscope 
(ZEISS Stemi 508, Germany) to determine the failure 
modes according to three categories:

1. Above bone level (when the fracture line was 1 mm or 
less apical to the CEJ)

2. Below bone level (when the fracture line was more than 
1 mm apical to the CEJ)

3. Vertical fracture

The researcher assessing the modes of failure was blinded 

to the groups.

A Kruskal-Wallis test was applied to determine whether 
there was a statistical difference among the level rank aver-
ages of the experimental groups. The differences between 
each group were determined by the Bonferroni-Dunn mul-
tiple comparisons test. The significance level was set at a p 
value ≤ 0.05. The R Core Team package software (R Core 
Team, 2020) was used for all statistical analyses.

Results
The mean and standard error values are shown in Table 
1. According to the statistical analysis, there was a sig-
nificant difference between the experimental groups (p < 
0.05). The negative control group showed higher fracture 
strength than all other groups except the positive con-
trol group (p < 0.05). There was no significant difference 
among the EDTA, CA, HEBP, GA, and positive control 
groups (p > 0.05). Fracture modes are shown in Table 2 
for all experimental groups.

Discussion
The results of the present study showed that there was no 
statistically significant difference among different irriga-
tion solutions in terms of fracture resistance of the end-

Table 1.	 The mean, standard deviation, and p values of the 
amount of removed dentin thickness in experimental 
groups (%)

Groups	 Mean ± SE

Negative control	 1880.7 ± 44.1a

Positive control	 1285 ± 164ab

17% EDTA	 1209 ± 112b

10% CA	 1272.4 ± 75.1b

9% HEBP	 1155.2 ± 62.5b

5% GA	 1239.7 ± 88.3b

10% GA	 1147 ± 102b

17% GA	 1107.2 ± 81.5b

Different lowercase letters mean statistically significant difference between 
experimental groups. (SE: Standart Error).

Table 2.	 Distribution of fracture modes for all experimental groups

Groups	 Above bone level	 Below bone level	 Vertical

Negative control	 6	 4	 1
Positive control	 4	 6	 1
17% EDTA	 7	 4	 -
10% CA	 5	 6	 -
9% HEBP	 8	 2	 1
5% GA	 7	 3	 1
10% GA	 5	 4	 2
17% GA	 5	 4	 2
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odontically treated teeth. Therefore, the null hypothesis 
was accepted.

In many studies, it was reported that the smear layer af-
fected the penetration of disinfecting solutions, intracanal 
medicaments, and root canal sealers into dentinal tubules 
(2,3). To improve the efficacy of disinfecting agents and 
the sealing ability of the root canal sealer, it was recom-
mended to remove the smear layer (19). While the organic 
part of the smear layer can be removed by NaOCl, a dif-
ferent agent must be used to remove the inorganic part. 
Combinations of solutions for smear layer removal change 
the mechanical properties of root canal dentin, such as mi-
crohardness, flexural strength, and elasticity (20).

Recent studies focused on the effect of current irriga-
tion solutions on the fracture resistance of endodontically 
treated teeth have reported different results. Ulusoy et al. 
(21) compared 17% EDTA and 9% HEBP with or with-
out passive ultrasonic irrigation and reported that HEBP 
resulted in higher fracture resistance than EDTA. In an-
other study that compared 9% HEBP, 17% EDTA, and 
SmearClear solutions, no significant difference was report-
ed in terms of fracture resistance, which is similar to the 
present study (22). Dominguez et al. (23) evaluated 17% 
EDTA, 2% chlorhexidine, and 9% HEBP in combination 
with 2.5% NaOCl, and the results indicated that HEBP 
showed lower fracture resistance than the other groups. It 
must be specified that in the aforementioned study, HEBP 
was used for 25 minutes in the root canal, and this long-
duration application may have adversely affected dentin 
(23).

In a previous study in which 17% EDTA, 17% GA, and 
10% GA were applied to bovine teeth for 5 minutes, it 
was found that 10% GA had a higher fracture resistance 
than 17% EDTA and 17% GA (24). According to our 
findings, the GA group did not differ significantly from 
the other groups, regardless of the percentage. Similar to 
our results, Souza et al. (25) found no significant differ-
ence between 17% EDTA and 17% GA in terms of fracture 
resistance. In this study, irrigation solutions were used for 
1 minute, which is similar to our study. Conflicts in the re-
sults may have derived from the different contact times of 
the irrigation solutions, the study design, and/or the use 
of activation methods. To our knowledge, this is the first 
study comparing the effects of CA with HEBP and GA on 
fracture resistance, so the results could not be compared 
in terms of CA.

It was previously stated that artificial periodontal ligament 
application would be advantageous to simulate the physi-
ological tooth mobility and distribution of occlusal forces 
to the alveolar bone in fracture resistance studies, and frac-
ture types may be affected if periodontal ligament imita-

tion is not performed (26,27). For this reason, an artificial 
periodontal ligament was applied using polyvinyl siloxane 
impression material to simulate the periodontal ligament 
in the present study.

Teeth were decoronated to achieve optimal standardiza-
tion among the experimental groups. In addition, the ver-
tical load was applied to the specimens in this study to 
compare with similar studies and for standardized force 
application, while premolar teeth are subjected to lateral 
forces in vivo. Therefore, the in vitro nature of this study 
and the limitations mentioned above should be kept in 
mind when the results are correlated with clinical condi-
tions.

Conclusion
Within the limitations of this study, it can be concluded 
that 1-minute use of 17% EDTA, 10% CA, 9% HEBP, 5% 
GA, 10% GA, and 17% GA as final irrigation solutions, in 
combination with NaOCl, has no effect on the fracture 
resistance of premolar teeth. More studies are needed re-
garding concentrations and contact time of new irrigation 
solutions in order to propose an alternative protocol to 
the traditionally used EDTA or CA.

Authorship Contributions: Concept: K.Y.Y, B.G.; Design: 
K.Y.Y.,B.G.; Supervision: B.G.; Materials: E.K.; Data: Y.A.; 
Literature search: K.Y.Y., B.G., E.K.; Writing: K.Y.Y.; Critical 
revision: K.Y.Y., B.G., E.K., Y.A.

Acknowledgements: The authors deny any conflicts of inter-
est related to this study.

Use of AI for Writing Assistance: Not declared

Source of Funding: None declared.

Conflict of Interest: None declared.

Ethical Approval: The study protocol was approved by the 
Eskişehir Osmangazi University Ethics Commitee (date: 
25.05.2021, protocol no: 09).

Informed consent: Written informed consent was obtained 
from patients who participated in this study.

References
1.	 McComb D, Smith DC. A preliminary scanning electron 

microscopic study of root canals after endodontic proce-
dures. J Endod 1975; 1: 238–42. [CrossRef ]

2.	 Foster KH, Kulild JC, Weller RN. Effect of smear layer 
removal on the diffusion of calcium hydroxide through ra-
dicular dentin. J Endod 1993; 19: 136–40. [CrossRef ]

3.	 Okşan T, Aktener BO, Sen BH, et al. The penetration of 
root canal sealers into dentinal tubules. A scanning elec-

Yeşildal Yeter et al. Fracture strength of endodontically treated teeth 37

https://doi.org/10.1016/S0099-2399(75)80226-3
https://doi.org/10.1016/S0099-2399(06)80508-X


tron microscopic study. Int Endod J 1993; 26: 301–5. 
4.	 Di Lenarda R, Cadenaro M, Sbaizero O. Effectiveness of 

1 mol L-1 citric acid and 15% EDTA irrigation on smear 
layer removal. Int Endod J 2000; 33: 46–52. [CrossRef ]

5.	 Grawehr M, Sener B, Waltimo T, et al. Interactions of eth-
ylenediamine tetraacetic acid with sodium hypochlorite in 
aqueous solutions. Int Endod J 2003; 36: 411–7. 

6.	 Wagner MH, da Rosa RA, de Figueiredo JAP, et al. Final 
irrigation protocols may affect intraradicular dentin ultra-
structure. Clin Oral Investig 2017; 21: 2173–82. 

7.	 Gandolfi MG, Taddei P, Pondrelli A, et al. Demineraliza-
tion, collagen modification and remineralization degree of 
human dentin after EDTA and citric acid treatments. Ma-
terials (Basel) 2018; 12: 25. [CrossRef ]

8.	 Gómez-Delgado M, Camps-Font O, Luz L, et al. Update 
on citric acid use in endodontic treatment: a systematic re-
view. Odontology 2023; 111: 1–19. [CrossRef ]

9.	 Qian W, Shen Y, Haapasalo M. Quantitative analysis of 
the effect of irrigant solution sequences on dentin erosion. 
J Endod 2011; 37: 1437–41. [CrossRef ]

10.	Tartari T, Guimarães BM, Amoras LS, et al. Etidronate 
causes minimal changes in the ability of sodium hypo-
chlorite to dissolve organic matter. Int Endod J 2015; 48: 
399–404. [CrossRef ]

11.	Zehnder M, Schmidlin P, Sener B, et al. Chelation in root 
canal therapy reconsidered. J Endod 2005; 31: 817–20. 

12.	De-Deus G, Namen F, Galan J, et al. Soft chelating irriga-
tion protocol optimizes bonding quality of Resilon/Epiph-
any root fillings. J Endod 2008; 34: 703–5. [CrossRef ]

13.	Paqué F, Rechenberg DK, Zehnder M. Reduction of hard-
tissue debris accumulation during rotary root canal instru-
mentation by etidronic acid in a sodium hypochlorite irrig-
ant. J Endod 2012; 38: 692–5. [CrossRef ]

14.	Ulusoy Öİ, Zeyrek S, Çelik B. Evaluation of smear layer 
removal and marginal adaptation of root canal sealer after 
final irrigation using ethylenediaminetetraacetic, peracetic, 
and etidronic acids with different concentrations. Microsc 
Res Tech 2017; 80: 687–92. [CrossRef ]

15.	Tang SC, Yang JH. Dual effects of alpha-hydroxy acids on 
the skin. Molecules 2018; 23: 863. [CrossRef ]

16.	Cecchin D, Farina AP, Vidal C, et al. A novel enamel and 

dentin etching protocol using α-hydroxy glycolic acid: sur-
face property, etching pattern, and bond strength studies. 
Oper Dent 2018; 43: 101–10. [CrossRef ]

17.	Bello YD, Porsch HF, Farina AP, et al. Glycolic acid as the 
final irrigant in endodontics: mechanical and cytotoxic ef-
fects. Mater Sci Eng C Mater Biol Appl 2019; 100: 323–9. 

18.	Bello YD, Farina AP, Souza MA, et al. Glycolic acid: char-
acterization of a new final irrigant and effects on flexural 
strength and structural integrity of dentin. Mater Sci Eng 
C Mater Biol Appl 2020; 106: 110283. [CrossRef ]

19.	Shahravan A, Haghdoost AA, Adl A, et al. Effect of smear 
layer on sealing ability of canal obturation: a systematic re-
view and meta-analysis. J Endod 2007; 33: 96–105. 

20.	Rath PP, Yiu CKY, Matinlinna JP, et al. The effect of root 
canal irrigants on dentin: a focused review. Restor Dent 
Endod 2020; 45: e39. [CrossRef ]

21.	Ulusoy Öİ, Genç Şen Ö, Zeyrek S, et al. Effect of final 
irrigation protocols on the fracture resistance of roots 
with varying dentine thickness. Eur J Oral Sci 2021; 129: 
e12769. [CrossRef ]

22.	Gonzalez CS, Estevez R, Loroño G, et al. Etidronic acid 
and ethylenediaminetetraacetic acid associated with so-
dium hypochlorite have limited effect on the compressive 
fracture resistance of roots ex vivo. J Conserv Dent 2020; 
23: 484–8. [CrossRef ]

23.	Domínguez MCL, Feliz Pedrinha V, Oliveira Athaide da 
Silva LC, et al. Effects of different irrigation solutions on 
root fracture resistance: an in vitro study. Iran Endod J 
2018; 13: 367–72.

24.	de Andrade Marafiga F, Barbosa AFA, Silva EJNL, et al. 
Effect of glycolic acid and EDTA on dentin mechanical 
properties. Aust Endod J 2022; 48: 27–31. [CrossRef ]

25.	Souza MA, Ricci R, Bischoff KF, et al. Effectiveness of 
ultrasonic activation over glycolic acid on microhardness, 
cohesive strength, flexural strength, and fracture resistance 
of the root dentin. Clin Oral Investig 2023; 27: 1659–64. 

26.	Soares CJ, Pizi ECG, Fonseca RB, et al. Influence of root 
embedment material and periodontal ligament simulation 
on fracture resistance tests. Braz Oral Res 2005; 19: 11–6.

27. 	Sterzenbach G, Kalberlah S, Beuer F, et al. In-vitro simula-
tion of tooth mobility for static and dynamic load tests: a 

Turk Endod J38

pilot study. Acta Odontol Scand 2011; 69: 316–8.

https://doi.org/10.1046/j.1365-2591.2000.00273.x
https://doi.org/10.3390/ma12010025
https://doi.org/10.1007/s10266-022-00744-2
https://doi.org/10.1016/j.joen.2011.06.005
https://doi.org/10.1111/iej.12329
https://doi.org/10.1016/j.joen.2008.02.024
https://doi.org/10.1016/j.joen.2011.12.019
https://doi.org/10.1002/jemt.22851
https://doi.org/10.3390/molecules23040863
https://doi.org/10.2341/16-136-L
https://doi.org/10.1016/j.msec.2019.110283
https://doi.org/10.5395/rde.2020.45.e39
https://doi.org/10.1111/eos.12769
https://doi.org/10.4103/JCD.JCD_527_20
https://doi.org/10.1111/aej.12606

