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Success and Failures of Single Visit over Multiple Visit  Nonsurgical 

Endodontic Treatment in Permanent Teeth – A Review 

 

ABSTRACT 

Root canal treatment is a common procedure in endodontic dentistry treating the teeth 

with necrosis of the dental pulp caused by carious processes, coronal crack or 

fracture, or dental trauma. The success of root canal treatment depends on a number 

of variables related to the preoperative condition of the tooth, as well as the procedure 

options for endodontic treatment. Successful root canal treatment is characterised by 

an absence of symptoms and clinical signs. Single visit root canal treatment used to 

give more success rate compared to multiple visit treatments. In this paper we aim to 

treatments based on time, restoration, esthetics, post operative pain, technique and 

fracture resistance of teeth.  
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INTRODUCTION 

Root canal therapy is a conservative therapeutic option that entails the removal of 

diseased pulpal tissue and prevents or treat pulpal/periradicular pathosis and 

safeguards the treated tooth from recurrent microbial invasion.1 An electronic database 

(Pubmed, Scopus, Research gate, Medline) were screened with key words endodontic 

treatment, root canal therapy, single visit and multiple visit endodontics and data were 

collected from the identified articles.  

Single-visit endodontic therapy refers to a conservative, non-surgical approach for 

treating a tooth with endodontic issues it involves thorough cleansing, shaping, and 



 

 

filling of the root canal system in just one appointment.2 Single visit  reduces treatment 

time and material use compared with multiple-visit treatment.3 As Anjali Sharma et al 

(2011) said that success rate for treating periapical lesions non-surgically was 86.02%. 

4   Amy Wai-Yee Wong et al (2015) said that success rate of single visit root canal 

treatment is 88.9. 5  

FACTORS FOR SUCCESS AND FAILURE IN SINGLE VISIT ROOT CANAL 

TREATMENT 

Several factors play an important role in the decision-making process of single visit 

versus multiple visit root canal treatment. Factors contributing to the success of 

endodontic treatment include objective considerations such as the accuracy of the 

initial diagnosis, the effectiveness of infection control measures, the complexity of root 

canal anatomy, and the management of procedural complications. Additionally, 

subjective factors like the patient's reported signs and symptoms play a crucial role in 

determining treatment outcomes. Jorge Paredes-Vieyra et al (2012) provided 

evidence that a meticulously instrumented single-visit root canal treatment will be as 

successful as a multiple-visit treatment. There was no significant difference in 

radiographic evidence of periapical healing between single-visit and multiple-visit root 

canal treatments.6 

ISOLATION AND SEALING PROBLEMS 

Main problem to perform multiple visits treatment was difficulty in effectively sealing 

off the root canal system from the oral cavity in between visits. In single visit procedure 

this potential problem of interappointment contamination and/or flare-up can be 

eliminated.7 

Teeth with subgingival lesions, coronal walls missing, and caries below finished 

margins of full coverage restorations can be treated in single appointment.7 

ANTERIOR ESTHETIC PROBLEMS 

Cases with trauma in anterior teeth are probably the most frequently treated in single 

visit. Therefore, esthetic, isolation and sealing problems were solved in the treated 

tooth. 

https://pubmed.ncbi.nlm.nih.gov/?term=Sharma+A&cauthor_id=37197104
https://pubmed.ncbi.nlm.nih.gov/?term=Wong%20AW%5BAuthor%5D
https://www.clinicalkey.com/#!/search/Paredes-Vieyra%20Jorge/%7B%22type%22:%22author%22%7D


 

 

Badami V et al (2011) fractures of anterior teeth are relatively common and clinician 

can complete the treatment in a single visit by reattaching the fractured fragment.8 

Melia Heptania et al (2022) in complicated crown anterior teeth fracture single visit 

endodontic treatment gives good outcome than multiple visit.9 

RESTORATIVE CONSIDERATIONS 

Treatments for restorative reasons as overdenture abutments, full jacket crowns; 

severe coronal breakdown those cannot retain a restoration and teeth that require 

preparation for desired alignment should be treated intentionally by single visit.   

VITAL PULP EXPOSURE AND SYMPTOMATIC PULPITIS 

Teeth with pulp exposures caused by trauma, caries, or itarogenic reasons and teeth 

that exhibit clinical symptoms to heat or cold stimuli but not percussion were treated 

in single visit.7 

HEALTH CONSIDERATIONS THAT CHOOSE SINGLE OR MULTIPLE VISITS 

In physically compromised patients, apprehensive but cooperative patient and in 

medically compromised conditions, single visit root canal treatment was considered 

over multiple visit treatment. Common psychiatric problems encountered in dental 

practice stated by ADA are anxiety disorders, mood disorders, psychotic disorders, 

and eating disorders.10 Poor oral health in these individuals affect their quality of life 

with an increased burden on their well-being.  

Single visit root canal treatments exibit more success in these conditions over the 

multiple visit treatments as systemic health conditions impair the nonspecific immune 

system and the reparative response of the dental pulp and periapical healing process 

of teeth. Pro-inflammatory status and impaired immune response associated with 

systemic diseases can affect the two main endodontic variables: the prevalence of 

apical periodontitis (AP) and the frequency of RCT.11 

TIME 



 

 

Another advantage in single‐visit endodontic treatment was that both operators and 

patients save time.12 Major reason for increased patient acceptance was the reduced 

number of visits to the dental clinic. 

POST ENDODONTIC PAIN 

The evidence for recommending either single visit or multiple visits root canal 

treatment was not consistent. The primary cause of post-endodontic pain stems from 

the inadvertent displacement of canal contents, debris, and microorganisms from the 

root canal into the periapical region. This occurrence triggers a significant 

inflammatory reaction, resulting in discomfort after the completion of root canal 

treatment.13 Studies indicate that 25% to 40% of patients experience this discomfort, 

irrespective of their initial pulp and peri-radicular conditions. Even with careful and 

thorough endodontic therapy, the persistence of postoperative pain can be distressing 

for both patients and dentists.14 

In 2019 study, Moayad Ahmed Alomaym et al evaluated the frequency and intensity 

of post-obturation pain. Their findings revealed a statistically significant difference in 

pain occurrence between multiple visit and single visit groups. Specifically, they noted 

a lower incidence of pain in the  multiple visit group compared to the single visit 

group.15 

Singh et al (2020) inferred that the mean pain score in the Single Visit was lower than 

that of the Multiple visit group but however, the difference was statistically 

insignificant.16 Úna M Bryce  et al (2023) concluded that there was no significant 

difference in postoperative pain between Single Visit and Multiple Visit treatment.17 

There was moderate certainty evidence of higher proportion of participants reporting 

pain within one week in single‐visit groups compared to multiple‐visit groups. 

STEPS TO CONSIDER IN SUCCESS OF SINGLE VISIT ROOT CANAL 

TREATMENT  

1.ACCESS OPENING 

One of the most important steps of successful endodontic treatment is to prepare 

access to the pulp chamber and the root canal system.18,19 Two different access 

cavities as like: Traditional endodontic access cavity (TEC) required removal of the 

https://pubmed.ncbi.nlm.nih.gov/?term=Bryce+%C3%9AM&cauthor_id=37188920


 

 

entire roof of the pulp chamber to establish a straight-line access to the root canal 

system, conservative endodontic access cavity (CEC) was formed by connecting the 

projection of each root canal orifice on the occlusal.20,21  The CEC is less invasive than 

the TEC.  

Utilizing ultraconservative (ninja) access cavity designs in endodontic procedures can 

potentially enhance the strength of treated teeth by minimizing invasiveness. The 

application of cone-beam computed tomography (CBCT) imaging facilitates the 

accurate identification of all canals, thereby preserving dentin integrity during the 

single visit endodontics thereby increasing the success rate.22 Truss access is 

designed for teeth with multiple canals, ensuring that a section of the chamber roof 

and an enamel-dentin bridge are retained to allow direct access to each canal.23 

However, concerns arise regarding the adequacy of space for subsequent treatment 

stages, although there is presently a lack of sufficient scientific evidence to validate 

these concerns. 

Obada A. Mandil et al (2022) said that Conservative access opening, Ninja access 

opening, and Truss access opening are the contracted access cavity used as an 

alternative to Traditional access opening. Conservative access opening is a practical 

choice for root canal treatment, as it maintains tooth structure while enabling a safe 

and efficient procedure.23 

Wong A et al (2014) stated that according to the International Conference on 

Endodontics in 1958, the root canal should be enlarged regardless of its original size, 

to enable the removal of contaminated dentinal debris and filling of the root canal.24 

Conservative access opening exibits more success in single visit root canal treatment 

than multiple visit. In multiple visit excess loss of coronal dentin was seen during 

removal of access seal in subsequent visits leading to decrease fracture resistance of 

teeth. 

2.DETERMINATION OF WORKING LENGTH 

An accurate working length determination of root canal during endodontic treatment 

was very essential and crucial in RCT, serving as a reference point for working 

https://pubmed.ncbi.nlm.nih.gov/?term=Mandil%20OA%5BAuthor%5D


 

 

instruments and dictating the end point of the endodontic preparation and obturation.25 

It makes endodontic treatment easier for an operator to remove necrotic tissue and 

prepare canals precisely.26 Radiographs play a crucial role in endodontics for 

diagnosis, treatment, and postoperative assessment. Yet, they offer a two-

dimensional perspective of a three-dimensional object.27 

Non radiographic method using Electronic apex locators (EALs) have been employed 

clinically to locate the file position in the canal in determination of apical constriction.28 

Combining electronic apex locators (EALs) with traditional radiography has notably 

enhanced the precision and accuracy of determining working length (WL) in 

endodontics. This integration has also reduced the need for multiple radiographs, 

thereby minimizing patient exposure to radiation.29 According to Shearer AC et al. 

(1991), digital radiography proves advantageous in endodontic procedures. The 

diagnostic value hinges on factors such as beam angulation, superimposition of 

anatomical structures, and patient-related variables.30  

Role of apex locators in single visit: 

James L. Gutmann  in Problem Solving in Endodontics (Fifth Edition), (2011) stated 

that   the apex locator found to be significantly more reliable than the radiograph for 

determining working length. Thus suggest to the use of apex locators as the primary 

means of determining the working length during single visit endodontic procedures in 

patients with psychological and systemically compramised health conditions. 

Ark, Jin-Sung et al (2007) present a case of single visit root canal treatment using 

electrical apex locator under general anesthesia in a cerebral palsy patient as dental 

treatments especially in endodontics, meticulous instrumentation was needed, these 

muscle discordances may lead to unexpected accidents and taking radiographs for 

measuring canal length is often hindered by walking and movement disorders.31 

Dawood A, et al (2009) stated that two-dimensional conventional radiographic 

methods are insufficient and fail to provide the necessary information. The main 

advantage of using CBCT for endodontic applications was that it can provide three 

dimensional (3D) views which intraoral and panoramic radiography cannot 

provide.32,33 While CBCT addresses several drawbacks of intraoral radiography, it's 

https://www.sciencedirect.com/book/9780323068888/problem-solving-in-endodontics


 

 

essential to note that patients are exposed to higher radiation doses compared to 

intraoral and panoramic radiography. 

Dawood A, Patel S, Brown J and Patel S et al concluded that CBCT should be used 

only if conventional methods are not useful for diagnostic accuracy.32,33 

Single visit root canal treatment shows more success compared to multiple visit 

treatment by using the newer methods in working length determination as it decreases 

the operator failure to simulate the same in subsequent visits. 

3.BIOMECHANICAL PREPARATION 

A. Files used in single visit root canal treatment  

Commonly files used in single visit root canal treatment are rotary NiTi files, 

reciprocating files, single file system, heat-treated NiTi files, ultrasonic files and hand 

files. Current mechanical preparation of root canals uses rotary nickel-titanium (NiTi) 

instruments that employs either of the two kinematics  like rotation or reciprocation.34 

Pettiette MT et al (2001) stated that nickel titanium (NiTi) files were five times more 

likely to achieve success when compared to stainless steel files because they maintain 

the original shape of canal during instrumentation.35 NiTi rotary instruments can 

predictably enlarge root canals while maintaining the original path, to sizes not 

routinely available with stainless steel files. Since larger preparations remove more 

bacterial cells, a higher rate of treatment success rate was expected.36 

Rotary single-file systems like Hyflex EDM (HEDM) are manufactured using a unique 

method known as electric discharge machining. This process involves spark erosion, 

which enhances both fracture resistance and cutting efficiency.37 

WaveOne Gold (WOG) files are reciprocating files made with M-wire alloy technology, 

featuring an off-centered parallelogram cross-section. Through a thermal process, the 

molecular geometry is modified to enhance cyclic fatigue resistance and flexibility. 

Riluwan Siddique et al (2019) said that Single-file reciprocating systems was found 

almost similar microbial reduction when compared with rotary systems.38 

Using the newer files either rotary or reciprocating exhibits success in single visit root 

canal treatment compared to multiple visits as meticulous instrumentation of canals in 

https://pubmed.ncbi.nlm.nih.gov/?term=Siddique%20R%5BAuthor%5D


 

 

subsequent visits for removal of intracanal medicaments lead to excess loss of 

radicular dentin. 

 

B. Irrigation technique for single visit treatment 

  

Irrigation of prepared canals done frequently to remove and loosen debris and 

microorganisms and to ensure that the debris are not pushed out the apex which helps 

in lubrication, flushing and smear layer removal. The most commonly used root canal 

irrigants include: 17% EDTA, 0.2% Chlorhexidine, 5.25% Sodium hypochlorite, and 

10% Citric acid.39 

Lantigua Domínguez MC et al (2018) stated that combined solution of 5% NaOCl and 

18% etidronate decreased root fracture resistance.  EDTA causes alterations in the 

microstructure of dentin and responsible for dentin erosion due to the demineralization 

of inorganic components by the chelation of calcium ions present in the hydroxyapatite 

of root dentin. This action of irrigant solutions was time dependent and directly 

interferes with root fracture resistance.40 

Seniha Miçooğulları Kurt et al (2022) stated that in the single visit root canal treatment, 

irrigation with 5 mL 17% EDTA and 5 mL 2.5% NaOCl, with both solutions manually 

agitated by using a sterile gutta-percha cone for 1 minute was prefered. Followed by 

5 mL 2% CHX used as a final irrigant that was enabled to contact the root canal walls 

for up to 5 minutes.41 

Irrigation protocol along with manual passive agitation shows more success in single 

visit root canal treatment than in multiple visit treatments. Exposure of root dentin to 

chelating irrigants and agitation methods decrease fracture resistance of root dentin 

in multipe visits. 

4. SEALER 

Understanding the biological aspects in performing a single-visit endodontic treatment 

in pulpal pathosis cases is essential. Calcium silicate based sealers (CSSs) and Epoxy 

resin based sealers (ERSs)are commonly used. Treating pulpal pathosis cases with 

Calcium silicate based sealers were susceptible to low pH, which can interfere with its 

setting and mechanical properties. Thus, the inflammatory condition in these teeth 

may not be appropriate for its use. In those cases, epoxy resin based sealers are used.  



 

 

In multiple visits RCT, using calcium hydroxide as an intra-canal medicament, offers 

antibacterial effects, thus facilitates the dissolution of lipopolysaccharides and raises 

the pH level, which is optional scenario without known limitations for using either ERSs 

or CSSs sealers. However, the removal of calcium hydroxide may be accomplished to 

varying degrees. Hence, CSSs have a greater adaptation to the canal wall, probably 

due to interactions between the calcium hydroxide produced during the sealer’s setting 

to the calcium hydroxide’s remnants on dentinal walls.42 

5.OBTURATION 

Obturation of the canals by cold lateral compaction technique in the manual group and 

single cone technique in the rotary.43 

The technique which was used for the maximum number of times in root canal 

treatment for both single visit and multi visit was lateral compaction technique. Lateral 

compaction has been proved to be a successful technique due to its simplicity and 

does not require specific and expensive instruments and low cost. Also has the 

advantage of excellent length control and any acceptable fillers. However this 

technique may not fill canal irregularities.44,45 Thermoplasticized obturation technique 

which was used for a maximum number of times offer several advantages, including 

improved adaptation to root canal complexities, reduced risk of void formation, and the 

creation of a dense filling, less time consumption. In single visit root canal treatments 

Thermoplasticized obturation shows more advantages compared to other obturation 

methods. 

Warm vertical technique was to be the least used treatment in both single visit and 

multi visit root canal treatment. It is usually difficult to obturate curved canals with this 

technique.46 Also it has a risk of vertical root fracture and extrusion of material into the 

periradicular tissues.47 

CONCLUSION  

According to the latest comprehensive evidence, single-visit root canal treatment 

demonstrates a marginally higher efficacy compared to multiple visits. Single-visit root 

canal treatments are typically based on the clinical judgment that additional treatments 

wouldn't enhance care quality.  



 

 

Presently, there is no conclusive evidence favoring either treatment regimen single-

visit or multiple-visit root canal treatment as more effective. Neither regimen can 

entirely prevent postoperative pain and other complications within the first year.  

REFERENCES 

1. Shetty V, Yelke S, Wahjuningrum DA, Luke AM, Testarelli L, Giardino L, et al. Post-

operative quality of life after single-visit root canal treatment employing three different 

instrumentation techniques—An institutional randomized clinical trial. J Clin Med. 

2023;12(4):1535. doi: 10.3390/jcm12041535. 

2. Geethanjali R, Kumar N, Madhuram K, Leburu A. Single visit endodontics. IP Indian 

J Conserv Endod. 2021;6(3):147-51. doi: 10.18231/j.ijce.2021.032. 

3. Schwendicke F, Gostemeyer G. Cost-effectiveness of single- versus multistep root 

canal treatment. J Endod. 2016;42(10):1446-52. doi: 10.1016/j.joen.2016.06.013. 

4.Sharma A, Sharma R, Sharma M, Jain A. Periapical lesion: a single-sitting root 

canal treatment. Cureus. 2023;15(4):37597. doi: 10.7759/cureus.37597. 

5.Wong AW, Tsang CS, Zhang S, Li KY, Zhang C, Chu CH. Treatment outcomes of 

single-visit versus multiple-visit non-surgical endodontic therapy: a randomised clinical 

trial. BMC Oral Health. 2015;15:162. doi: 10.1186/s12903-015-0148-x. 

6.Paredes-Vieyra J, Enriquez FJ. Success rate of single- versus two-visit root canal 

treatment of teeth with apical periodontitis: a randomized controlled trial. J Endod 

.2012;38(9):1164-9. doi: 10.1016/j.joen.2012.05.021. 

7. Singla R, Marwah N, Dutta S. Single visit versus multiple visit root canal therapy. 

Int J Clin Pediatr Dent 2008;1(1):17-24. doi: 10.5005/jp-journals-10005-1004. 

8.Badami V, Reddy SK. Treatment of complicated crown-root fracture in a single visit 

by means of rebonding. J Am Dent Assoc. 2011;142(6):646-50. 

doi: 10.14219/jada.archive.2011.0246. 

9. Heptania M, Prasetia W. Single visit endodontic treatment on complicated crown 

fracture caused by dental trauma: case report. IOSR Journal of Dental and Medical 

Sciences (IOSR-JDMS). 2022;21(5):37-40. doi: 10.9790/0853-2105063740. 

10.Poornachitra P, Narayan V. Management of dental patients with mental health 

problems in special care dentistry: a practical algorithm. Cureus. 2023;15(2):34809. 

doi: 10.7759/cureus.34809. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9965264/
https://doi.org/10.3390%2Fjcm12041535
https://doi.org/10.18231/j.ijce.2021.032
https://doi.org/10.1016/j.joen.2016.06.013
https://doi.org/10.7759/cureus.37597
https://doi.org/10.1186%2Fs12903-015-0148-x
https://doi.org/10.1016/j.joen.2012.05.021
https://doi.org/10.5005%2Fjp-journals-10005-1004
https://doi.org/10.14219/jada.archive.2011.0246
https://doi.org/10.7759%2Fcureus.34809


 

 

11.Segura-Egea JJ, Cabanillas-Balsera D, Martín-González J, Cintra LTA. Impact of 

systemic health on treatment outcomes in endodontics. Int Endod J. 2023; 

56(suppl2):219-35. doi: 10.1111/iej.13789. 

 

12. Mergoni G, Ganim M, Lodi G, Figini L, Gagliani M, Manfredi M. Single versus 

multiple visits for endodontic treatment of permanent teeth. Cochrane Database Syst 

Rev. 2022;13;12(12): CD005296. doi: 10.1002/14651858.CD005296.pub4. 

13.Teja KV, Ramesh S, Vasundhara KA. Comparative evaluation of preemptive and 

preventive analgesic effect of oral ibuprofen in single visit root canal treatment- a 

prospective randomised pilot study. Eur Endod J. 2022;7(2):106-13. 

doi: 10.14744/eej.2021.49469. 

14.Anagha CS, Koshy M, Varghese R, Anirudhan S. Comparison of postoperative pain 

following single-visit and two-visit root canal therapy in controlled diabetic patients with 

irreversible pulpitis: A randomized control trial. J Conserv Dent. 2022;25(4):392-7. 

doi: 10.4103/jcd.jcd_18_22. 

15. Alomaym MAA, Aldohan MFM, Alharbi MJ, Alharbi NA. Single versus Multiple 

Sitting Endodontic Treatment: Incidence of Postoperative Pain - A Randomized 

Controlled Trial. J Int Soc Prev Community Dent. 2019;9(2):172-7. 

doi: 10.4103/jispcd.JISPCD_327_18. 

16.Singh A; Konark; Kumar A, Nazeer J, Singh R, Singh S. Incidence of 

postoperative flare-ups after single-visit and multiple-visit endodontic therapy in 

permanent teeth. J Indian Soc Pedod Prev Dent. 2020;38(1):79-83. 

doi: 10.4103/JISPPD.JISPPD_354_19. 

17. Bryce ÚM, Quinn BM, Edwards DC. Does single-visit root canal treatment of 

permanent teeth provide more benefit than a multiple-visit approach? Evid Based 

Dent. 2023;24(2):71-72. doi: 10.1038/s41432-023-00888-2. 

18. Kapetanaki I, Dimopoulos F, Gogos C. Traditional and minimally invasive access 

cavities in endodontics: a literature review. Restor Dent Endod 2021;46(3):46. 

doi: 10.5395/rde.2021.46.e46. 

19. Shakir hussain, Sangita singh, Niharika N, Sonam sah, Samuel.Single visit 

endodontic therapy: a review. IJSDR. 2022;7(4):158-60 

20.Yuan K, Niu C, Xie Q, Jiang W, Gao L, Huang Z et al. Comparative evaluation of 

the impact of minimally invasive preparation vs. conventional straight-line 

preparation on tooth biomechanics: a finite element analysis. Eur J Oral Sci. 

2016;124(6):591-96. doi: 10.1111/eos.12303. 

https://doi.org/10.1111/iej.13789
https://doi.org/10.1002/14651858.cd005296.pub4
https://doi.org/10.14744%2Feej.2021.49469
https://doi.org/10.4103%2Fjcd.jcd_18_22
https://doi.org/10.4103/jispcd.jispcd_327_18
https://doi.org/10.4103/jisppd.jisppd_354_19
https://doi.org/10.1038/s41432-023-00888-2
https://doi.org/10.5395/rde.2021.46.e46
https://doi.org/10.1111/eos.12303


 

 

21.Krishan R, Paqué F, Ossareh A, Kishen A, Dao T, Friedman S. Impacts of 

conservative endodontic cavity on root canal instrumentation efficacy and resistance 

to fracture assessed in incisors, premolars, and molars. J Endod. 2014;40(8):1160-6. 

doi: 10.1016/j.joen.2013.12.012. 

22.Plotino G, Grande NM, Isufi A, Ioppolo P, Pedullà E, Bedini R et al. Fracture 

strength of endodontically treated teeth with different access cavity designs. J 

Endod. 2017;43(6):995-1000.  doi: 10.1016/j.joen.2017.01.022. 

23. Mandil OA, Ghoulah KT, Hazzam BM, Alhijji HS, Al Abbas AH, Rehan AK, et al. 

Modern versus traditional endodontic access cavity designs. J Pharm Bioallied Sci. 

2022;14 (Suppl 1):S24-27. doi: 10.4103/jpbs.jpbs_668_21. 

24. Wong AW, Zhang C, Chu CH. A systematic review of nonsurgical single-visit 

versus multiple-visit endodontic treatment. Clin Cosmet Investig Dent.  2014;6:45-56. 

doi: 10.2147/CCIDE.S61487. 

25.Osei-Bonsu F, Ampofo PC, Nyako EA, Hewlett SA, Buckman VA, Konadu AB et al. 

Accuracy of the electronic apex locator, tactile, and radiographic methods in working 

length determination. J Conserv Dent 2023;26(3):311-15. doi: 10.4103/jcd.jcd_45_23. 

26. Diwanji A, Rathore A, Arora R, Dhar V, Madhusudan A, Doshi J. Working length 

determination of root canal of young permanent tooth: an in vitro study. Ann Med 

Health Sci Res. 2014;4(4):554-8. DOI: 10.4103/2141-9248.139314. 

27. Bhatt A. et al. Working length determination-the soul of root canal therapy :A 

Review Int J Dent Health Sci. 2015;2:105-15 

28. Sahni A, Kapoor R, Gandhi K, Kumar D, Datta G, Malhotra R. A comparative 

evaluation of efficacy of electronic apex locator, digital radiography, and conventional 

radiographic method for root canal working length determination in primary teeth: an in 

vitro study. Int J Clin Pediatr Dent. 2020;13(5):523-28. doi: 10.5005/jp-journals-10005-

1821. 

 

29.Saha B, Alam S, Lyngdoh D, Mishra SK. Comparative evaluation of digital 

radiography, electronic apex locator and simultaneous working length determination 

on postoperative pain after root canal treatment: a randomized clinical trial. Eur Oral 

Res. 2024;58(1):44-50.  doi: 10.26650/eor.20241264315. 

30.Shearer AC, Horner K, Wilson NH. Radiovisiography for length estimation in root 

canal treatment: an in-vitro comparison with conventional radiography. Int Endod J. 

1991;24(5):233-9.  

https://doi.org/10.1016/j.joen.2013.12.012
https://doi.org/10.1016/j.joen.2017.01.022
https://doi.org/10.4103%2Fjpbs.jpbs_668_21
https://doi.org/10.2147/ccide.s61487
https://doi.org/10.4103%2Fjcd.jcd_45_23
https://doi.org/10.4103/2141-9248.139314
https://doi.org/10.5005%2Fjp-journals-10005-1821
https://doi.org/10.5005%2Fjp-journals-10005-1821
https://doi.org/10.26650%2Feor.20241264315


 

 

31. Jin-Sung P, Seung-Jong L. One-visit root canal treatment using electrical apex 

locator in a cerebral palsy patient. The Journal of Korea Assosiation for Disability and 

Oral Health. 2007;3(2):97-100. 

32. Dawood A, Patel S, Brown J. Cone beam ct in dental practice. Br Dent J. 

2009;207(1):23-8.  doi: 10.1038/sj.bdj.2009.560. 

33.Patel S. New dimensions in endodontic imaging: Part 2. Cone beam computed 

tomography. Int Endod J. 2009;42(6):463-75. doi: 10.1111/j.1365-2591.2008.01531.x. 

34.Shaik RP, Chukka RS, Bandlapally A, Vemuri S, Bolla N, Basam RC et al. 

Assessment of postoperative pain after single-visit root canal treatment using rotary 

and reciprocating file systems: an in vivo study. J Dent Anesth Pain Med. 

2022;22(4):267-75. doi: 10.17245/jdapm.2022.22.4.267. 

35.Pettiette MT, Delano EO, Trope M. Evaluation of success rate of endodontic 

treatment performed by students with stainless-steel K-files and nickel-titanium hand 

files. J Endod. 2001;27(2):124-7.doi: 10.1097/00004770-200102000-00017. 

36.Londhe SM, Garge HG. Single visit root canal treatment. Med J Armed Forces 

India. 2007;63(3):273-4. doi: 10.1016/S0377-1237(07)80153-5. 

37. Gundogar M, Ozyurek T. Cyclic fatigue resistance of Oneshape, Hyflex Edm, 

Waveone Gold, And Reciproc Blue nickel-titanium instruments. J Endod. 

2017;43(7):1192-96. doi: 10.1016/j.joen.2017.03.009. 

38. Siddique R, Nivedhitha MS. Effectiveness of rotary and reciprocating systems on 

microbial reduction: A systematic review. J Conserv Dent. 2019;22(2):114-

22. doi: 10.4103/JCD.JCD_523_18. 

39. Drews DJ, Nguyen AD, Diederich A, Gernhardt CR. The interaction of two widely 

used endodontic irrigants, chlorhexidine and sodium hypochlorite, and its impact on 

the disinfection protocol during root canal treatment. Antibiotics (Basel). 

2023;12(3):589. doi: 10.3390/antibiotics12030589. 

40. Lantigua Domínguez MC, Feliz Pedrinha V, Oliveira Athaide da Silva LC, Soares 

Ribeiro ME, Loretto SC, de Almeida Rodrigues P. Effects of different irrigation 

solutions on root fracture resistance: an in vitro study. Iran Endod J. 2018;13(3):367-

72. doi: 10.22037/iej.v13i3.19247. 

41. Kurt Sm, Demirci Gk, Serefoglu B, Kaval Me, Çalışkan Mk. Usage of 

chlorhexidine as a final irrigant in one-visit root canal treatment in comparison with 

conventional two-visit root canal treatment in mandibular molars: a randomized 

https://doi.org/10.1038/sj.bdj.2009.560
https://doi.org/10.1111/j.1365-2591.2008.01531.x
https://doi.org/10.17245/jdapm.2022.22.4.267
https://doi.org/10.1097/00004770-200102000-00017
https://doi.org/10.1016/s0377-1237(07)80153-5
https://doi.org/10.1016/j.joen.2017.03.009
https://doi.org/10.4103/jcd.jcd_523_18
https://doi.org/10.3390/antibiotics12030589
https://doi.org/10.22037/iej.v13i3.19247


 

 

clinical trial. J evid based dent pract. 2022;22(3):101759. 

doi: 10.1016/j.jebdp.2022.101759. 

42.Azizi H, Hadad A, Levy DH, Ben Itzhak J, Kim HC, Solomonov M. Epoxy vs. 

calcium silicate-based root canal sealers for different clinical scenarios: a narrative 

review. Dent J (Basel). 2024;12(4):85. doi: 10.3390/dj12040085. 

 43.Makanjuola JO, Umesi DC, Oderinu OH. Treatment outcome of manual versus 

rotary techniques in single-visit endodontics for patients in a nigerian teaching hospital: 

a randomized clinical trial. J West Afr Coll Surg. 2018;8(2):44-75. 

44. McMurtrey LG, Krell KV, Wilcox LR. A comparison between thermafil and lateral 

condensation in highly curved canals. J Endod. 1992;18(2):68-71. 

doi: 10.1016/S0099-2399(06)81373-7. 

45. Anantula K, Ganta AK. Evaluation and comparison of sealing ability of three 

different obturation techniques - Lateral condensation, Obtura II, and GuttaFlow: An 

in vitro study. J Conserv Dent. 2011;14(1):57-61. doi: 10.4103/0972-0707.80748. 

46. Mohan sm, kaushik sk. Root canal treatment using thermoplasticized carrier 

condensation technique. Armed forces med j india. 2009;65(4):336–41.  

doi: 10.1016/S0377-1237(09)80095-6. 

 

47. Bruno C, Ladislava S, Martin B, Maria J. Obturation of root canals by vertical 

condensation of gutta-percha–benefits and pitfalls. Acta Med Martin. 2021;21(3):103-

9. doi: 10.2478/acm-2021-0013. 

 

 

 

 

https://doi.org/10.1016/j.jebdp.2022.101759
https://doi.org/10.3390/dj12040085
https://doi.org/10.1016/s0099-2399(06)81373-7
https://doi.org/10.4103/0972-0707.80748
https://doi.org/10.1016%2FS0377-1237(09)80095-6
http://dx.doi.org/10.2478/acm-2021-0013

