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Abstract 
Introduction. Endodontic iatrogenia, such as iatrogenic perforation, formation of ledges, blockage of canals, 

instrument breakage, unaddressed anatomical complexities, can have a substantial impact on the long-term 

outcome of endodontic treatment. The most frequent complications during endodontic treatments are root canal 

perforations, ledges, and instrument fractures. Prevention and management. Endodontic iatrogenia can be 

prevented by the use of AAE's assessment tool (low, moderate, high difficulty cases), operator microscope, 

static/dynamic guided endodontics systems. Steps in management of endodontic iatrogenia consists of: assessment 

and diagnosis, communication with patient, immediate management, referral to specialist for non-surgical or 

surgical approach if necessary, monitorisation of healing process.  Conclusions. Clinicians must possess a 

comprehensive understanding of the causes, prevention strategies, and reliable corrective measures for specific 

endodontic iatrogenia. Endodontic iatrogenia must be managed by individualised therapeutic approach using 

effective instrumentarium and biomaterials for positive long-term outcomes. Interdisciplinary collaboration of 

general dentist with specialists (endodontic specialist, oral surgeon) can be required in complex cases. 
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1. Introduction 

The primary objective of root canal 

treatment is to meticulously cleanse the 

infected root canal system through 

mechanical and chemical means. 

Subsequently, the cleaned root canals are 

sealed with a filling material [1]. The key to 

a successful outcome lies in eliminating 

infected substances and preventing any 

additional intraoperative or postoperative 

infections. The failure of root canal 

treatment can be attributed to the presence 

of infectious materials within the root canal 

itself or in adjacent areas [2].  

Recent advancements in endodontic 

treatment technology have enabled the 

preservation of teeth once considered 

beyond repair but technology, instruments, 

and materials should complement rather 

than replace a clinician's clinical expertise 

and experience [3]. 

Endodontic iatrogenia refers to 

complications or errors that occur during 

root canal treatment.  Endodontic 

iatrogenia, such as iatrogenic perforation, 

formation of ledges, blockage of canals, 

instrument breakage, unaddressed 

anatomical complexities, can have a 

substantial impact on the outcome of 

endodontic treatment [4, 5]. The dentist 

must be aware of legal ramification of 

endodontic procedures and intraoperative 

errors to avoid legal consequences  [6]. 

American Association of Endodontists 

(AAE) highlighted that general dentist has a 

legal and ethical responsibility to assess his 

skills and ability within the context of the 

specific case to guarantee the provision of 

timely and efficient care. Thus, cases that 

surpass the dentist's comfort level or skill 

proficiency should be referred to an 

endodontic specialist who possesses the 

necessary skills and experience to manage 

the case with minimum risks of endodontic 

iatrogenia [3]. The dislodgement of 

endodontic instruments can impede access 

to the root's apical region and hinder the 

disinfection procedure. This obstructs the 
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effective cleaning and removal of debris 

from the canal located beyond the separated 

fragment, potentially compromising the 

success of the treatment [7].  Ledge is 

created when the dentist can no longer 

negotiate the working length and lost the 

original pathway of the canal. Ledge 

formation is an endodontic iatrogenia that 

can lead to apical transportation or zipping 

[8]. 

Various research groups reported 

that a high frequency of endodontic 

iatrogenia were produced by undergraduate 

students due to insufficient experience [9, 

10, 11]. A retrospective study identified 

endodontic iatrogenic errors in 22.1% of all 

teeth that underwent treatment in the 

undergraduate clinics, with underfilling the 

most prevalent iatrogenic error (8.4%), 

followed by ledge formation at 4.2%. Also, 

molar teeth exhibited the highest frequency 

of errors, with the mesio-buccal roots of 

maxillary molars associated to the highest 

percentage of errors. Iatrogenic errors were 

associated significantly with the complexity 

of case, but it was not found any significant 

correlation between academic year and case 

difficulty, academic year and types of 

iatrogenic errors, root type and iatrogenic 

errors. The only significant  association was 

found between tooth type and iatrogenic 

errors [12]. The frequency of intraoperative 

errors in a group of dental students was 

31.1% with most prevalent underfilling 

(49.9%), followed by overfilling (24.1%), 

voids (12.6%), broken instruments (9.2%), 

apical perforation (2.3%), and root canal 

transportation (2.3%). Lower molars 

(43.1%) and upper incisors (19.2%) were 

the dental groups with the highest and 

lowest rates of iatrogenic errors [13]. One 

study reported an 1,83% overall incidence 

of instrument fracture during root canal 

preparation by postgraduate students. The 

prevalence of fractured stainless steel hand 

instruments was 0.55%, while that of rotary 

nickel-titanium instruments was 1.33%. 

Endodontic instruments fractured more 

frequently in the apical third of canals 

(52.5%) compared to the coronal (12.5%) 

and middle (27.5%) thirds. The same 

research group investigated the rate of 

retrieving or bypassing fractured 

instruments. The success rates were highest 

in the coronal (100%) and middle (45.4%) 

thirds, while the apical third exhibited a 

lower success rate of 37.5%. The frequency 

of instrument fractures was higher in cases 

involving retreatment in comparison to 

initial therapy cases [14].  Ledge formation 

and apical transportation are one of the most 

frequent endodontic iatrogenia reported in a 

group of dentistry students [8]. The 

prevalence of ledges was 6.54% of root 

canals, while zip was detected in 0.75% of 

root canals in a study assessing the accuracy 

of endodontic treatments in dentistry 

students [11]. 

The optimal management of 

endodontic iatrogenia is required as success 

rate of non-surgical retreatment is only 

70,9% at 2-4 years, while surgical 

retreatment reach 77,8% success rate at 

same follow-up interval (71,8% at 4-6 

years) [15].  

Clinicians must possess a 

comprehensive understanding of the causes, 

prevention strategies, and reliable 

corrective measures for each of these 

endodontic complications [4]. Furthermore, 

it is crucial for clinicians to grasp how a 

specific complication can influence the 

prognosis of treatment, recognizing that this 

assessment can vary from case to case. 

There are clinical cases where a 

complication may have minimal 

repercussions on the treatment's overall 

success, while in other cases, same 

endodontic iatrogenia could severely 

compromise the treatment's outcome [4].  

The prevention and management of 

endodontic iatrogenia requires a 

standardised approach for effective long-

term outcome. 
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2. Prevention and Risk 

Management: 

Understanding the clinical variables 

that dictate prognosis is of paramount 

importance. This knowledge aids in 

selecting the appropriate course of action 

and ensures that patients receive accurate 

information regarding the potential 

consequences of their treatment [4].  

Before any endodontic treatment, 

dentist must consider preventive measures 

to reduce the risk of iatrogenic 

complications. Proper training and 

continuing education can help to minimize 

errors and endodontic iatrogenia. Complex 

cases that require experience and advanced 

techniques include teeth with severely 

curved roots, double curvature, calcified 

canals, C-shaped canals. These cases must 

be considered for referral to endontic 

specialists [12].  

The risk management is based on 

documentation for legat and ethical reasons. 

The documentation include detailed records 

of the iatrogenic incident, treatment 

procedures, and patient communication. 

Also, dentist must educate the patient about 

post-treatment care, pain, and the required 

follow-up appointments while patients must 

apply proper oral hygiene practices to 

support healing. Dentist must consider 

ethical principles such as patient autonomy, 

beneficence, and non-maleficence 

throughout the period of endodontic 

iatrogenia management. 

It's crucial to recognize that various 

patient factors can potentially add 

complexity to the treatment process. These 

factors encompass medical complications, 

challenges related to anesthesia, behavioral 

management issues, restricted mouth 

opening, and urgent treatment 

requirements. Moreover, one should also 

take into account past endodontic 

procedures, a history of dental trauma, and 

concurrent periodontic-endodontic 

conditions as additional elements of 

consideration [3].  

Effective treatment planning serves 

a dual purpose. Firstly, it aids the 

practitioner in circumventing procedural 

errors such as overlooking canals, excessive 

dentin removal, perforations, ledges, 

instrument separation, or over/underfilling 

of the canal space. Secondly, it enables the 

dentist to make case selections judiciously, 

taking into account their experience, skill 

proficiency, and personal comfort level [3].  

For effective prevention and risk 

management of endodontic iatrogenia AAE 

introduced a case complexity assessment 

form with the goal to allow general dentists 

and students in managing endodontic 

treatment in relation to their skill levels 

while referring challenging cases to 

endodontic specialists. This case 

complexity assessment form divides cases 

in three categories: minimal difficulty, 

moderate difficulty, high difficulty. Factors 

related to fractured endodontic instruments 

include the type of tooth and canal, the type 

and length of fractured segments, the 

location of instrument fracture, and the 

subsequent management approach [14].  

Cases of minimal difficulty include teeth 

with no aparrent root canal curvature and 

normal diameter of root canals. Cases of 

moderate difficulty include teeth with no 

aparrent root canal curvature and normal 

diameter of root canals but with moderate 

inclination or covered by prosthetic crowns, 

or teeth with moderate curvature. Cases of 

high difficulty include teeth exhibiting 

multiple factors specific to moderate 

difficulty cases, teeth with calcified root 

canals, or teeth with various root canal 

curvatures such as severely curved roots, 

double curvature, C-shaped canals. For 

example,  The presence of an S-shaped 

curve categorize the teeth as high difficult 

case due to the elevated risk of encountering 

obstructions or instrument separation within 

the canal. Furthermore, achieving effective 

canal space obturation becomes more 

intricate. In high difficult cases, ensuring a 

predictable treatment outcome poses a 

formidable challenge, even for a highly 
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seasoned practitioner with a history of 

successful results [AAE et al, 2010]. The 

prevention of ledge consists of extension of 

the access cavity to allow easy access to the 

root canals, precurving and not forcing 

instruments, NiTi files instrumentarium, 

passive step-back and balanced force 

techniques, and instrumenting the canal to 

its full length will all help to prevent ledge 

formation [16]. 

AAE assessed the occurrence of 

iatrogenic complications subsequent to the 

use of this case complexity assessment form 

and revealed a significant correlation 

between the incidence of iatrogenic errors 

and the assessed case complexity. The 

AAE's tool of case complexity assessment 

plays a crucial role in determining the 

difficulty level of endodontic treatments 

while adhering to the recommendations 

provided by the AAE proved to be a 

significantly effective approach for 

reducing the risk of iatrogenic errors in 

endodontic procedures [12]. Dentists must 

recognize various medical conditions that 

could potentially complicate endodontic 

procedures enabling to prevent potential 

medical emergencies during treatment. 

Also, taking into account factors like 

anxiety, restricted mouth opening, or a 

heightened gag reflex empowers the dentist 

to prevent situations that could lead to 

iatrogenic errors [3]. 

Static and dynamic guided 

endodontics techniques are recommended 

to prevent endodontic iatrogenia. Static 

guided endodontics technique involves the 

creation of three-dimensional (3D) printed 

templates using cone-beam computed 

tomography (CBCT) images, surface scans, 

and virtual imaging software [17, 18]. A 

systematic review of static guided 

endodontics has determined that it is a 

clinical procedure enabling secure, precise, 

and consistent navigation of sclerosed 

canals while minimizing inadvertent 

damage during periradicular surgery [18]. 

The dynamic navigation system (DNS) 

represents a computer-aided guided 

technology initially designed for precise 

implant placement [19]. DNS provides real-

time guidance to the clinician regarding the 

drill path as it progresses during treatment 

[20]. DNS consists of multiple cameras and 

motion tracking devices attached to both the 

dental handpiece and the patient, 

continuously comparing the actual path 

being created with the planned drill path 

using specialized software based on CBCT 

images of the affected teeth [21]. DNS was 

applied in endodontics to reduce the risk of 

errors during treatment of obliterated root 

canals. Difficult clinical scenarios such as 

cases involving pulp canal obliteration, 

conservative access preparation, endodontic 

retreatment, and microsurgery can be 

effectively addressed with lower chances of 

errors and in a more time-efficient manner 

through the application of Dynamic 

Navigation Systems [22].  The use of DNS 

in negotiation of the calcified canals was 

associated to success rates from 100% [20, 

22] to 95%-99% [20, 23], and 90% -95% 

[21, 25]. The errors were misaligned or off-

target drilling [21], unsuccessful canal 

location due to perforation [23] and gouging 

[26]. The factors relatic to systematic errors 

of DNS can be instability in jaw tracker 

positioning during treatment, interruptions 

in real-time tracking when adjusting the 

drill path, or incomplete mapping of 

reference points [20, 24]. It were also 

reported non-systematic errors such as 

unintentional mistakes arising from image 

acquisition or CBCT artifacts [20, 24]. DNS 

demonstrated superior accuracy, efficiency, 

precision, and reliability when compared 

with the freehand negotiation of calcified 

canals [24, 26]. Four systems (Navident, X-

guide, ImplaNav, and DENACAM) were 

highlighted in the literature, but further 

studies are requested to compare their 

efficacy [22]. 

 

3. Management of endodontic 

iatrogenia 

Steps in the management of endodontic 

iatrogenia are as follows: 
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      1.Assessment and Diagnosis: 

The first stage include the 

assessment of the patient's symptoms, 

clinical history, and paraclinical images 

(radiographic examen, CBCT). The 

analysis of data supplied by these 

investigations will allow dentist to give the 

diagnostic of endodontic iatrogenia. 

Endodontic iatrogenia are detected most 

frequently from the intra-operative or 

immediate post-operative digital 

radiographs. Some studies did not found 

any significant difference in various 

imaging techniques’ ability to detect 

different categories of iatrogenic errors 

[27], while other report better diagnostic 

accuracy of digital periapical radiography when 

compared to CBCT technique in detecting 

separated instruments in root canals [28]. 

2.Communication with patient: 

Dentist must explain to patient the 

diagnostic, clinical situation and potential 

complications as well as the treatment 

options, risks, and benefits, ensuring the 

patient's informed consent. Also, if case is 

complex or associated with challenging 

complications, the dentist must referr 

patient to an endodontic specialist or oral 

surgeon (if surgical management is 

required). 

3. Immediate Management: 

In cases of instruments fractures, 

clinical experience and a comprehensive 

understanding of influencing factors 

influence dentist' ability to make a well-

informed decision  Combination of 

ultrasonic techniques and dental operating 

microscopes is significantly more effective 

in the removal of separated instruments 

when compared with more randomized 

techniques [29]. However, relying solely on 

a single radiographic measurement 

technique is insufficient for accurately 

assessing root canal anatomy, case 

complexity, and the likelihood of successful 

removal before attempting instrument 

retrieval using a periapical radiograph [30]. 

Ultrasonic energy application under the 

dental operating microscope is 

recommmended for retrieval of fractured 

instruments in complex cases [31, 32, 33]. 

The choice of definitive management 

should be grounded in a comprehensive 

understanding of the success rates 

associated with each treatment option, 

weighed against the potential risks linked to 

either removing or retaining the fractured 

file [34, 35]. The success of instrument 

removal is significantly influenced by the 

fragment's position relative to the canal 

curvature, the angle of canal access, and the 

Schneider angle. The highest likelihood of 

failure in removal of fractured instruments 

was reported when the canal access angle 

exceeded 200 and the Schneider angle 

exceeded 400 [30]. While the incorporation 

of contemporary techniques into endodontic 

practice has enhanced the clinician's 

capacity to extract fractured files, it's 

important to note that removal may not 

always be a feasible or advisable course of 

action [36, 37]. The success rate in cases 

with fractured NiTi rotary files is between 

61% and 100% in relation to canal curvature 

(higher in moderate curvature) and type of 

fractured file  [38, 39]. Traditional 

conservative management typically 

involves one of the following: removal or 

bypassing of the separated instrument 

fragment or filling the root canal system up 

to the coronal level of the fragment. 

Alternatively, surgical intervention 

represents an alternative approach. These 

approaches are subject to various 

influencing factors and may carry potential 

complications. Decision-making regarding 

management should take into account the 

following considerations: the constraints 

posed by the root canal's ability to 

accommodate the fragment; the stage of 

root canal preparation at which the 

instrument became separated; the clinician's 

level of expertise; the available tools and 

equipment; the potential complications 

associated with the chosen treatment 

approach; the strategic importance of the 

affected tooth in relation to the presence or 

absence of periapical pathologies [40].  
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In pulp floor or lateral root canal 

perforations, the location and size of 

perforation must decide the proper 

approach. For minor perforations, repair 

may be possible during the initial treatment 

session by using materials like MTA 

(Mineral Trioxide Aggregate) or 

bioceramic materials to seal the perforation. 

A series of case reports highlight the long-

term success of various MTA-based 

commercial products in reparation of 

iatrogenic furcal or mid-root perforations. It 

was reported, at follow-up between 2-7 

years, the absence of any clinical 

indications or symptoms, regeneration of 

alveolar bone and a reduction in the 

periodontal space [41-44]. A resorbable 

collagen matrix was proposed to recreate 

the external contour of the root and 

simplifies the application of MTA [45]. 

When various materials used for repair of 

large iatrogenic perforations MTA leaked 

significantly less than glass ionomer 

cements and composite resins [46]. A 

comparison between various brands of 

MTA-based materials found similar clinical 

performance in repairing furcation 

perforations at 24- and 72-hour follow-up 

[47]. MTA is considered gold standard in 

repair of furcal perforations due to more 

favorable cost, availability, and similar 

outcome when compared with bioceramic-

based material, while zirconia-reinforced 

glass ionomer cement has significantly 

more microleakage when compared with 

MTA-based material [48]. Operating 

microscope is recommended in the 

diagnosis, prognosis, and non-surgical 

management of iatrogenic perforation [49, 

50]. The use of operative microscope 

improved the quality of iatrogenic cervical 

perforations sealed with glassionomer 

cement [51]. However, in complex cases, 

the patient must be referred to a specialist 

able to perform a surgical approach. In 

lateral root perforations, when area of 

perforation cannot be reached from the 

access cavity due to the angulation and 

excessive bleeding, surgical intervention is 

preferred, and after the root canal is filled, 

the perforation site can be sealed with MTA 

[52]. 

The immediate management of 

ledging can be performed by using 

specialized files designed to bypass the 

ledge and gradually advance towards the 

apex. When a ledhe has occured dentist 

must use a small file with a distinct curve at 

the tip with a slight rotation motion of the 

file combined with a ''picking'' motion to 

support the advancement of the instrument 

towards apex [16]. Advanced additive 

manufacturing technologies, in conjunction 

with semi-automated root canal 

segmentation, can be employed to replicate 

and improve the planification and 

management of ledges. The canal was 

isolated, and segmentation was carried out, 

including the other tooth structures. Based 

on CBCT images, a three-dimensional 

digital model of the canal's internal 

structures can be created using a 

segmentation software, and thus enabling 

the design and additive manufacturing of a 

mock-up. This mock-up represents a 

preclinical guide for simulating the 

procedure, pre-bending the file, and 

managing the canal effectively. One study 

reported that technique using virtual 

modeling from CBCT data post-ledge 

formation is a successful and rapid 

approach in the management of tooth with 

ledges [53]. When it is required, dentist 

must consider guided bypass techniques or 

removal of the ledge. 

When intra-operative overfilling 

with obturation materials occurs, dentist 

must carefully remove the excess material 

from the canal space and then evaluate the 

possibilities to re-obturate the root canals or 

sealing the access cavity. Literature data on 

overfilling consists mostly of case reports 

exposing management of overfilling of root 

canal sealer and gutta-percha accidentally 

occurred [53] or overfilling associated to 

perforating external root resorption [54]. It 

was demonstrated the relation between 

three-dimensional seal established at the 
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apical level, healing and gradual absorption 

of the extruded materials and the absence of 

any adverse impact on the long-term 

success of root canal treatment [53]. In 

cases associated to external root resorption 

non-surgical orthograde retreatment and 

obturation of resorped area with Biodentine 

lead to successful long-term outcome [54]. 

4. Monitorisation of healing  

Dentist will use clinical 

examinations and follow-up radiographs to 

monitor the progress of the patient's 

healing. If the progression of healing 

processes is not occurring as expected, 

dentist will make adjustments to the 

treatment plan. Dentists should schedule the 

restorative appointment within one month 

after completing the endodontic treatment. 

For instance, if there are plans for a buildup 

and crown to follow the endodontic therapy, 

it is advisable to coordinate this scheduling 

with the referring dentist in advance. Thud 

it will be avoided extended delays between 

the end of the endodontic treatment and the 

placement of the final restoration 

considering that prolonged delays in final 

restoration placement can result in coronal 

microleakage and delayed healing [3]. AAE 

recommend to provide the patients with a 

comprehensive report that should include 

both pre- and post-treatment radiographs, as 

well as a clear assessment of the prognosis 

and any potential additional treatment 

requirements [3]. 

 

4. Conclusions. 

Clinicians must possess a 

comprehensive understanding of the causes, 

prevention strategies, and reliable 

corrective measures for specific endodontic 

iatrogenia. Endodontic iatrogenia can be 

prevented by the use of AAE's assessment 

tool (dividing cases in low, moderate, high 

difficulty), operator microscope, 

static/dynamic guided endodontics systems. 

Endodontic iatrogenia must be managed by 

individualised therapeutic approach using 

effective instrumentarium and biomaterials 

for positive long-term outcomes. 

Professional development of general 

dentists and endodontic specialists is a key 

component of ensuring optimal patient 

outcomes in immediate and long-term 

management of endodontics iatrogenia. 

Interdisciplinary collaboration of general 

dentist with specialists (endodontic 

specialist, oral surgeon) can be required in 

complex cases. 

 

 
 

References 

 

1. Ng YL, Mann V, Rahbaran S, Lewsey J, Gulabivala K. Outcome of primary root canal treatment: 

systematic review of the literature -- Part 2. Influence of clinical factors. Int Endod J. 2008;41(1):6-

31. 

2. Yamaguchi M, Noiri Y, Itoh Y, Komichi S, Yagi K, Uemura R, Naruse H, Matsui S, Kuriki N, 

Hayashi M, Ebisu S. Factors that cause endodontic failures in general practices in Japan. BMC Oral 

Health. 2018 Apr 27;18(1):70.  

3. American Association of Endodontists. Available from: http://www.aae.org/caseassessment/. 2010. 

4. Bhuva B, Ikram O. Complications in Endodontics. Prim Dent J. 2020 Dec;9(4):52-58. 

5. Lin LM, Rosenberg PA, Lin J. Do procedural errors cause endodontic treatment failure? J Am Dent 

Assoc. 2005;136(2):187–193. 

6. Alrahabi M, Zafar MS, Adanir N. Aspects of Clinical Malpractice in Endodontics. Eur J Dent. 2019 

Jul;13(3):450-458. 

7. Hindlekar A, Kaur G, Kashikar R, Kotadia P. Retrieval of Separated Intracanal Endodontic 

Instruments: A Series of Four Case Reports. Cureus. 2023 Mar 2;15(3):e35694.  

8. Hendi SS, Karkehabadi H, Eskandarloo A. Iatrogenic Errors during Root Canal Instrumentation 

Performed by Dental Students. Iran Endod J. 2018 Winter;13(1):126-131.  

9. Lynch CD, Burke FM. Quality of root canal fillings performed by undergraduate dental students on 

single-rooted teeth. Eur J Dent Educ. 2006;10(2):67–72. 



Romanian Journal of Oral Rehabilitation 

Vol. 15, No.4 October-December 2023 

 

338 
 

10. Vukadinov T, Blazic L, Kantardzic I, et al. Technical quality of root fillings performed by 

undergraduate students: a radiographic study. ScientificWorldJournal. 2014;2014:751274. 

11. Zambon da Silva P, Carlos Ribeiro F, Machado Barroso Xavier J, et al. Radiographic evaluation of 

root canal treatment performed by undergraduate students, part I; iatrogenic errors. Iran Endod J. 

2018;13(1):30–36. 

12. Alamoudi RA, Alharbi AH, Farie GA, Fahim O. The value of assessing case difficulty and its effect 

on endodontic iatrogenic errors: a retrospective cross-sectional study. Libyan J Med. 2020 

Dec;15(1):1688916. doi: 10.1080/19932820.2019.1688916.  

13. AlRahabi MK. Evaluation of complications of root canal treatment performed by undergraduate 

dental students. Libyan J Med. 2017 Dec;12(1):1345582. doi: 10.1080/19932820.2017.1345582.  

14. Tzanetakis GN, Kontakiotis EG, Maurikou DV, Marzelou MP. Prevalence and management of 

instrument fracture in the postgraduate endodontic program at the Dental School of Athens: a five-

year retrospective clinical study. J Endod. 2008 Jun;34(6):675-8.  

15. Torabinejad M, Corr R, Handysides R, Shabahang S. Outcomes of nonsurgical retreatment and 

endodontic surgery: a systematic review. J Endod. 2009 Jul;35(7):930-7.  

16. Jafarzadeh H, Abbott PV. Ledge formation: review of a great challenge in endodontics. J Endod. 

2007 Oct;33(10):1155-62.  

17. Connert T, Zehnder MS, Amato M, Weiger R, Kühl S, Krastl G. Microguided Endodontics: a 

method to achieve minimally invasive access cavity preparation and root canal location in 

mandibular incisors using a novel computer-guided technique. Int Endod J. 2018;51(2):247–55. 

18. Moreno-Rabié C, Torres A, Lambrechts P, Jacobs R. Clinical applications, accuracy and limitations 

of guided endodontics: a systematic review. Int Endod J. 2020 Feb;53(2):214–231. 

19. Block MS, Emery RW, Cullum DR, Sheikh A. Implant placement is more accurate using dynamic 

navigation. J Oral Maxillofac Surg. 2017;75(7):1377–86.  

20. Jain SD, Carrico CK, Bermanis I. 3-dimensional accuracy of dynamic navigation technology in 

locating calcified canals. J Endod. 2020a;46(6):839–45. 

21. Chong BS, Dhesi M, Makdissi J. Computer-aided dynamic navigation: a novel method for guided 

endodontics. Quintessence Int. 2019;50(3):196–202.  

22. Vasudevan A, Santosh SS, Selvakumar RJ, Sampath DT, Natanasabapathy V. Dynamic Navigation 

in Guided Endodontics - A Systematic Review. Eur Endod J. 2022 Jun;7(2):81-91.  

23. Dianat O, Gupta S, Price JB, Mostoufi B. Guided endodontic access in a maxillary molar using a 

dynamic navigation system. J Endod. 2021;47(4):658–62.  

24. Jain SD, Saunders MW, Carrico CK, Jadhav A, Deeb JG, Myers GL. Dynamically navigated versus 

freehand access cavity preparation: a comparative study on substance loss using simulated calcified 

canals. J Endod. 2020b;46(11):1745–51.  

25. Torres A, Boelen GJ, Lambrechts P, Pedano MS, Jacobs R. Dynamic navigation: a laboratory study 

on the accuracy and potential use of guided root canal treatment. Int Endod J. 2021;54(9):1659–67.  

26. Dianat O, Nosrat A, Tordik PA, Aldahmash SA, Romberg E, Price JB, et al. Accuracy and efficiency 

of a dynamic navigation system for locating calcified canals. J Endod. 2020;46(11):1719–25.  

27. Alves RAA, Souza JB, Alencar AHG, et al. Detection of procedural errors with stainless steel and 

NiTi instruments by undergraduate students using conventional radiograph and cone beam 

computed tomography. Iran Endod J. 2013;8(4):160. 

28. Ayatollahi F, Tabrizizadeh M, Razavi H, Mowji M. Diagnostic Value of Cone-Beam Computed 

Tomography and Digital Periapical Radiography in Detection of Separated Instruments. Iran Endod 

J. 2019 Winter;14(1):14-17. 

29. Terauchi Y, Sexton C, Bakland LK, Bogen G. Factors Affecting the Removal Time of Separated 

Instruments. J Endod. 2021 Aug;47(8):1245-1252.  

30. Tordai B, Schreindorfer K, Lempel E, Krajczár K. Factors affecting ultrasonic removal of separated 

endodontic instruments: A retrospective clinical study. Quintessence Int. 2018;49(4):257-266. 

31. Agrawal V, Kapoor S, Patel M. Ultrasonic Technique to Retrieve a Rotary Nickel-Titanium File 

Broken Beyond the Apex and a Stainless Steel File from the Root Canal of a Mandibular Molar: A 

Case Report. J Dent (Tehran). 2015 Jul;12(7):532-6. 



Romanian Journal of Oral Rehabilitation 

Vol. 15, No.4 October-December 2023 

 

339 
 

32. Kaul R, Gupta R, Chhabra S, Koul R. Dental Operating Microscope-guided Retrieval of Broken 

Instrument from a Deciduous Molar Using Ultrasonics. Int J Clin Pediatr Dent. 2022;15(Suppl 

1):S114-S118. 

33. Shahabinejad H, Ghassemi A, Pishbin L, Shahravan A. Success of ultrasonic technique in removing 

fractured rotary nickel-titanium endodontic instruments from root canals and its effect on the 

required force for root fracture. J Endod. 2013 Jun;39(6):824-8.  

34. McGuigan MB, Louca C, Duncan HF. The impact of fractured endodontic instruments on treatment 

outcome. Br Dent J. 2013a Mar;214(6):285-9. 

35. McGuigan MB, Louca C, Duncan HF. Clinical decision-making after endodontic instrument 

fracture. Br Dent J. 2013b Apr;214(8):395-400. 

36. Solomonov M, Webber M, Keinan D. Fractured endodontic instrument: a clinical dilemma. 

Retrieve, bypass or entomb? N Y State Dent J. 2014 Aug-Sep;80(5):50-2.  

37. Solomonov M, Webber M, Keinan D. Fractured Endodontic Instrument: A Clinical Dilemma 

Retrieve, Bypass or Entomb? J Mich Dent Assoc. 2015 Sep;97(9):44-6. 

38. Adl A, Shahravan A, Farshad M, Honar S. Success Rate and Time for Bypassing the Fractured 

Segments of Four NiTi Rotary Instruments. Iran Endod J. 2017 Summer;12(3):349-353.  

39. Arshadifar E, Shahabinejad H, Fereidooni R, Shahravan A, Kamyabi H. Possibility of Bypassing 

Three Fractured Rotary NiTi Files and Its Correlation with the Degree of Root Canal Curvature and 

Location of the Fractured File: An In Vitro Study. Iran Endod J. 2022 Spring;17(2):62-66.  

40. Madarati AA, Hunter MJ, Dummer PM. Management of intracanal separated instruments. J Endod. 

2013 May;39(5):569-81. 

41. Camilo do Carmo Monteiro J, Rodrigues Tonetto M, Coêlho Bandeca M, Henrique Borges A, 

Cláudio Martins Segalla J, Cristina Fagundes Jordão-Basso K, Fernando Sanchez-Puetate C, Carlos 

Kuga M. Repair of Iatrogenic Furcal Perforation with Mineral Trioxide Aggregate: A Seven-Year 

Follow-up. Iran Endod J. 2017 Fall;12(4):516-520.  

42. Pace R, Giuliani V, Pagavino G. Mineral trioxide aggregate as repair material for furcal perforation: 

case series. J Endod. 2008 Sep;34(9):1130-3. 

43. Silveira CM, Sánchez-Ayala A, Lagravère MO, Pilatti GL, Gomes OM. Repair of furcal perforation 

with mineral trioxide aggregate: long-term follow-up of 2 cases. J Can Dent Assoc. 2008 

Oct;74(8):729-33.  

44. Unal GC, Maden M, Isidan T. Repair of Furcal Iatrogenic Perforation with Mineral Trioxide 

Aggregate: Two Years Follow-up of Two Cases. Eur J Dent. 2010 Oct;4(4):475-81. 

45. Bargholz C. Perforation repair with mineral trioxide aggregate: a modified matrix concept. Int 

Endod J. 2005 Jan;38(1):59-69. 

46. Lodiene G, Kleivmyr M, Bruzell E, Ørstavik D. Sealing ability of mineral trioxide aggregate, glass 

ionomer cement and composite resin when repairing large furcal perforations. Br Dent J. 2011 Mar 

12;210(5):E7.  

47. Koç C, Aslan B, Ulusoy Z, Oruçoğlu H. Sealing ability of three different materials to repair furcation 

perforations using computerized fluid filtration method. J Dent Res Dent Clin Dent Prospects. 2021 

Summer;15(3):183-187. 

48. Lagisetti AK, Hegde P, Hegde MN. Evaluation of bioceramics and zirconia-reinforced glass 

ionomer cement in repair of furcation perforations: An in vitro study. J Conserv Dent. 2018 Mar-

Apr;21(2):184-189. 

49. Attas MHA, Aldhelai TA, Javed MQ. Management of concomitant strip and apical perforation in 

mandibular first molar. Pak J Med Sci. 2022 Sep-Oct;38(7):2034-2038. 

50. Daoudi MF. Microscopic management of endodontic procedural errors: perforation repair. Dent 

Update. 2001 May;28(4):176-80. 

51. Schmidt BS, Zaccara IM, Reis Só MV, Kuga MC, Palma-Dibb RG, Kopper PM. Influence of 

operating microscope in the sealing of cervical perforations. J Conserv Dent. 2016 Mar-

Apr;19(2):152-6.  

52. Yildirim G, Dalci K. Treatment of lateral root perforation with mineral trioxide aggregate: a case 

report. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2006 Nov;102(5):e55-8. 



Romanian Journal of Oral Rehabilitation 

Vol. 15, No.4 October-December 2023 

 

340 
 

53. Cameron AB, Abdelhamid HMHAS, George R. CBCT Segmentation and Additive Manufacturing 

for the Management of Root Canals with Ledges: A Case Report and Technique. J Endod. 2023 

Aug 13:S0099-2399(23)00472-7. doi: 10.1016/j.joen.2023.08.002. 

54. Malagnino VA, Pappalardo A, Plotino G, Carlesi T. The fate of overfilling in root canal treatments 

with long-term follow-up: a case series. Restor Dent Endod. 2021 Apr 29;46(2):e27. doi: 

10.5395/rde.2021.46.e27. 

55. Sayyad Soufdoost R, Jamali Ghomi A, Labbaf H. Endodontic management of a tooth with apical 

overfilling and perforating external root resorption: A case report. Clin Case Rep. 2020 Oct 

15;8(12):3278-3283. 

 

 


