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1. Introduction 

Like any other field of dentistry, a clinician may face unwanted situations 

during the root canal treatment which can affect the prognosis of endodontic therapy. 

These procedural accidents are collectively termed as endodontic mishaps. [1] 

Accurate diagnosis, proper case selection, and adherence to basic principles of 

endodontic therapy may prevent occurrence of procedural accidents. [2] Whenever 

any endodontic mishap occurs; inform the patient about: [3] 

a. The incident and nature of mishap. 

b. Procedures to correct it. 

c. Alternative treatment options.  

d. Prognosis of the affected tooth. 

Endodontic mishaps may have dentolegal consequences. Thus, their prevention 

is the best option both for patient as well as dentist. Knowledge of etiological factors 

involved in endodontic mishaps is mandatory for their prevention. Recognition of a 

procedural accident is first step in its management. [4] 

2.Types of endodontic mishaps:  

2.1.Access cavity-related mishaps 

2.1.1. Treating the wrong tooth 

If there is no question about diagnosis, treating the wrong tooth falls within the 

category of inattention on the part of the dentist. [5] 

Recognition that the wrong tooth has been treated is sometimes a result of re-

evaluation of a patient who continues to have symptoms after treatment. In this 

instance, the error is misdiagnosis. Other times, the error may be detected after the 

rubber dam has been removed. In this instance, a tooth adjacent to the one scheduled 

for treatment was inadvertently opened. [1] 

Management: 

1. Appropriate treatment of both teeth: the one incorrectly opened and the one with 

the original pulpal problem. [6] 

2. explain to the patient what happened and how the problem may be corrected. [4] 

Prevention: 

1. Attention to detail and obtaining as much information as possible before making 

the diagnosis. [7] 

2. Once a correct diagnosis has been made, marking the tooth to be treated with a pen 

before isolating it with a rubber dam. [4] 
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2.1.2. Missed canals 

Sometimes endodontic failure can occur because of untreated missed canals 

which are store house of tissue, bacteria and other irritants. [8] 

Etiology: 

 1. Lack of thorough knowledge of root canal anatomy along with its variations. [9] 

 2. Inadequate access cavity preparation. [10]  

Common Sites for Missed Canals: [11] 

_ Maxillary premolars may have three canals (mesiobuccal, distobuccal and palatal) 

_ Upper first molars usually have four canals. 

_ Mandibular incisors usually have extracanal. 

_ Mandibular premolars often have complex root anatomy. 

_ Mandibular molars may have extramesial and/or distal canal in some cases. 

Recognition missed canal can occur during or after treatment.  

1. During treatment, by taking radiograph, an instrument or filling material may be 

noticed to be other than exactly centered in the root, indicating that another canal is 

present. [12] 

 

2.Computerized digital radiography has increased the chances of locating extra canals 

by enhancing the density and contrast and magnifying the image. [13] 

3. The advent of high-resolution magnification has also increased the ability to locate 

canals. Magnifying loupes, the microscope, and the endoscope may be used to 

clinically determine the presence of additional canals. [14] 

 

Fig.1. Radiograph indicating the presence 

of a second, or missed, canal. By following 

the lamina dura of the root (small arrows), 

the eccentric position of the file (large 

arrow), with relation to the outline of the 

root, suggests the presence of a missed 

canal. 

Fig.2. The second mesiobuccal canal 

(arrow) is readily apparent under 

magnification. 
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4. In some cases, however, recognition may not occur until failure is detected later. 
[15] 

Management: 

Re-treatment is appropriate and should be attempted before recommending 

surgical correction. [16] 

Prevention: 

1. Good radiographs take at different horizontal angulations. [17] 

2. Good illumination and magnification. [18] 

3. Adequate access cavity preparation. [19] 

4. Clinician should always look for an additional canal in every tooth being treated. 
[20] 

2.1.3. Damage to an existing restoration 

An existing porcelain crown presents the dentist with its own unique 

challenges. In preparing an access cavity through a porcelain or porcelain-bonded 

crown, the porcelain will sometimes chip, even when the most careful approach using 

water-cooled diamond stones is followed. There is usually no way to predict such an 

occurrence. [21]                       

Management: 

Minor porcelain chips can at times be repaired by bonding composite resin to 

the crown. However, the longevity of such repairs is unpredictable. [4] 

Prevention: 

Reove the crown before treatment to prevent damage to an existing, permanently 

cemented crown. Preservation of the integrity of the restoration is sometimes possible 

by using special devices such as the Metalift Crown and Bridge Removal System. 

The system allows for removal with little or no damage to the crown. After 

completion of root canal therapy, the crown can be recemented and the pilot hole 

repaired. [4] 

2.1.4. Access Cavity Perforations 

Undesirable communications between the pulp space and the external tooth 

surface may occur at any level: in the chamber or along the length of the root canal. 

In the process of searching for canal orifices, perforations of the crown can occur, 

either peripherally through the sides of the crown or through the floor of the chamber 

into the furcation. [3] 
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Recognition if the access cavity perforation is above the periodontal attachment, the 

first sign is leakage: either saliva into the cavity or sodium hypochlorite out into the 

mouth, at which time the patient will notice the unpleasant taste. [22] 

When the crown is perforated into the periodontal ligament, bleeding into the 

access cavity is often the first indication of an accidental perforation. [23] 

 To confirm the suspicion of such an unwanted opening, place a small file 

through the opening and take a radiograph; the film should clearly demonstrate that 

the file is not in a canal. [24] 

 

Management: 

1. Perforations of the coronal walls above the alveolar crest can generally be repaired 

intracoronally without need for surgical intervention. Cavit will usually serve to seal 

these types of perforations during endodontic treatment. [25] 

 

 

 

 

2. Perforations into the periodontal ligament, whether laterally or into the furcation, 

management should be done as soon as possible to minimize the injury to the tooth’s 

supporting tissues. It is also important that the material used for the repair provides a 

Fig.5. Supracrestal perforation repair. A, Note the perforation (arrow) made in the mesial wall during 

access preparation. B, Repair was done with amalgam. 

Fig.4. Placing a file in a site of suspected 

perforation (arrow)and taking a radiograph 

will show the position of the file in relation 

to the root. Note that in this tipped molar, 

the distal canal has been properly located, 

but the mesial orifices were missed. 

Fig.3. Perforation caused during access 

cavity preparation 
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good seal and does not cause further tissue damage, such as: amalgam, calcium 

hydroxide paste, glass ionomer cement, gutta-percha, or mineral trioxide aggregate 

(MTA). [26] 

              

       
Prior to repair of a perforation, it is important to control bleeding, both to 

evaluate the size and locations of the perforation and to allow placement of the repair 

material. Calcium hydroxide placed in the area of perforation and left for at least a 

few days will leave the area dry and allow inspection of perforation. Mineral trioxide 

aggregate, in contrast to all other repair materials, may be placed in the presence of 

blood since it requires moisture to cure. It is nevertheless preferable to control 

bleeding prior to repair so that the location can be more accurately determined. [27] 

Prognosis Sinai proposed that the prognosis for a tooth with a perforation 

depends on the location of the perforation, the length of time the perforation is open 

to contamination, the ability to seal the perforation, and accessibility to the main 

canal. The overall success rate for perforation repairs based on 55 cases was reported 

by Kvinnsland et al.as 92%. Generally, it can be said that the sooner repair is 

undertaken, the better the chance of success. Surgical corrections may be necessary in 

some cases. [28] 

Prevention: 

1. A thorough knowledge of tooth anatomy, specifically pulpal anatomy. [29] 

2. Thorough examination of diagnostic preoperative radiographs is the paramount 

step to avoid this mishap. [2] 

3. Checking the long axis of the tooth and aligning the long axis of the access bur 

with the long axis of the tooth can prevent unfortunate perforations of a tipped tooth. 
[27] 

4. The presence, location, and degree of calcification of the pulp chamber noted on 

the preoperative radiograph. [30]  
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2.1.5. Crown Fractures 

Crown fractures of teeth undergoing root canal therapy are a complication that 

can be avoided in many instances. The tooth may have a pre-existent infraction that 

becomes a true fracture when the patient chews on the tooth weakened additionally 

by an access preparation. [31] 

 Recognition of such fractures is usually by direct observation. It should be 

noted that infractions are often recognized first after removal of existing restoration in 

preparation of the access. When infractions become true fractures, parts of the crown 

may be mobile. [32] 

Management: 

1. when the fracture is of a “chisel type” in which only the cusp or part of the crown 

is involved; in such cases, the loose segment can be removed and treatment 

completed. [33] 

2. If the fracture is more extensive, the tooth may not be restorable and needs to be 

extracted. [34] 

Prevention: 

1. Crowns with infractions should be supported with circumferential bands or 

temporary crowns during endodontic treatment. [35] 

2. Reduce the occlusion before working length is established. [36] 

2.2. Instrumentation-related mishaps 

Instrumentation-related mishaps can often be associated with excessive and 

inappropriate dentin removal during the cleaning and shaping phase of endodontics. 
[37] 

2.2.1. Ledge Formation 

Ledge is an internal transportation of the canal which prevents positioning of 

an instrument to the apex in an otherwise patent canal. [38] 

Etiology: 

1. Caused by forcing uncurved instruments apically short of working length in a 

curved canal. [2] 
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2. Rapid advancement in file sizes or skipping file sizes. [3] 

3. Failure to make access cavities that allow direct access to the apical part of the 

canals. [3] 

4. inadequate irrigation or lubrication. [3] 

Recognition 1. Loss of tactile sensation at the tip of the instrument. [38] 

2. Loose feeling instead of binding at the apex. [39] 

3. Instrument can no longer reach its estimated working length. [40] 

4. When in doubt a radiograph of the tooth with the instrument in place is taken to 

provide additional information. [41] 

Management: 

1. To negotiate a ledge, choose a smaller number file, usually No. 10 or 15. [42] 

2. Give a small bend at the tip of the instrument and penetrate the file carefully into 

the canal. [43] 

 

3. Once the tip of the file is apical to the ledge, it is moved in and out of the canal 

utilizing ultrashort push-pull movements with emphasis on staying apical to the 

defect. [43] 

4. When the file moves freely, it may be turned clockwise upon withdrawal to rasp, 

reduce, smooth or eliminate the ledge. When the ledge can be predictably bypassed, 

then efforts are directed towards establishing the apical patency with a No. 10 file. [3]. 

Gently passing 0.02 tapered 10  file 1mm through the foramen ensures its diameter 

is at least 0.12mm and makes the way for the 15 file. [42] 

Fig.7. Ledge is formed by forcing 

uncurved instruments apically short  of 

working length in  a curved canal. 

Fig. 8. (A) Formation of ledge by  use of 

stiff instrument in  curved canal; (B) 

Correction of ledge; ledge is bypassed by 

making a small bend at tip of instrument. 

Bent instrument is passed along canal wall 

to locate original canal 
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Prevention: 

1. Use of stainless steel patency files to determine canal curvature. [42] 

2. Accurate evaluation of radiograph and tooth anatomy. [44] 

3. Precurving of instruments for curved canals. [40] 

4. Use of flexible NiTi files. [45] 

5. Use of safe ended instruments with noncutting tips. [42] 

6. Use of sequential filing. Avoids skipping instrument sizes. [43] 

2.2.2. Canal transportation   

Apical canal transportation is moving the position of canal’s normal anatomic 

foramen to a new location on external root surface. [46] 

 

Classification: [3] 

Type I: It is minor movement of physiologic foramen. In such cases, if sufficient 

residual dentin can be maintained, one can try to create positive apical canal 

architecture to improve the prognosis of the tooth. 

Type II: It is moderate movement of the physiologic foramen to a new location. Such 

cases compromise the prognosis and are difficult to treat. Biocompatible materials 

like MTA can be used to provide barrier against which obturation material can be 

packed. 

Type III: It is severe movement of physiological foramen. In Type III prognosis is 

poorest. A three-dimensional obturation is difficult in this case. This requires surgical 

intervention for correction otherwise tooth is indicated for extraction.  

Etiology: 

1. Use of large, stiff instruments to bore out a curve canal. [47] 

2. Forcing instruments in curved canal. [48] 

3. Failure to precurve the files. [3] 

 

 

Fig.9: Type I, II and III canal 

transportations. (A) Minor movement 

of apical foramen (Type I); (B) 

Moderate movement of apical foramen 

(Type II); (C) Severe movement of 

apical foramen (Type III). 
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Management: 

Use of vertical compaction of warm gutta-percha or thermoplastisized gutta-

percha is ideal in these cases to compact a solid core material into the apical 

preparation without using excessive amount of sealer. [49] 

Prevention: 

1. Use of precurved files for curved canals. [46] 

2. Use of incremental filing technique. [50] 

3. Use of flexible files. [51] 

4. Remove flutes of file at certain areas, e.g. file portion which makes  contact with 

outer dentinal wall at the apex and portion which makes contact with inner dentinal 

wall especially in the mid root area. [52] 

 

5. By over curving in apical part of the file especially when working for severely 

curved canals. [53] 

2.2.3. Root canal perforation 

2.2.3.a.Cervical canal perforation: The cervical portion of the canal is most often 

perforated during the process of locating and widening the canal orifice or 

inappropriate use of Gates-Glidden burs. [54] 

Recognition 1. sudden appearance of blood, which comes from the periodontal 

ligament space. [2] 

2. Rinsing and blotting (with a cotton pellet) may allow direct visualization of the 

perforation; magnification with either loupes, an endoscope, or a microscope is very 

useful in these situations. [2] 

3. If direct visualization is not adequate to make a definitive identification of a 

perforation, it may be necessary to place a small file into the area that has been 

exposed and take a radiograph of the tooth. [55] 

Management: 

1. A small area of perforation may be sealed from inside the tooth. [56] 

Fig.10. Modification of flutes of file. 
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2. If the perforation is large, it may be necessary to seal first from the inside and then 

surgically expose the external aspect of the tooth and repair the damaged tooth 

structure; a material that has been recommended for this is Geristore. [57] 

Prognosis must be considered to be reduced in these types of perforations, and 

surgical correction may be necessary if a lesion or symptoms develop. [27] 

2.2.3.b.Mid-root perforation: Lateral perforations at midroot level tend to occur 

mostly in curved canals, either as a result of perforating when a ledge has formed 

during initial instrumentation or along the inside curvature of the root as the canal is 

straightened out. The latter is often referred to as canal “stripping” and results in a 

fairly long perforation that seriously compromises the outcome of treatment. [4] 

 

Stripping is easily detected by sudden appearance of haemorrhage in a 

previously dry canal or by a sudden complaint by patient. [58] 

Management: 

Successful repair of a stripping or perforation relies on the adequacy of the 

seal established by repair material. Access to mid root perforation is most often 

difficult and repair is not predictable. Mineral trioxide aggregate (MTA) or Calcium 

hydroxide can be used as a biological barrier against which filling material is packed. 
[59] 

Prevention: 

1. Use of precurved files for curved canals. [60] 

2. Using anticurvature filling, i.e. more filling pressure is placed on tooth structure 

away from the direction of root curvature and away from the invagination, thereby 

preventing root thinning and perforation of the root structure. [61] 

Fig.11. Strip perforation occurs more 

commonly on inner side of  curve. 
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2.2.3.c. Apical root perforation: Apical root perforation can occur: 

• When instrument goes into periradicular tissue, i.e. beyond the confines of the root 

canal. [62] 

                                

• By overuse of chelating agents along with straight and stiffer large size 

instruments to negotiate ledging, canal blockage or zipping, etc. [62] 

Management: 

These types of perforations can be repaired both surgically as well as 

nonsurgically. But one should attempt nonsurgical repair before going for surgery. 

MTA is choice of material for perforation repair. [63] 

 

Technique: [63] 

• Apply rubber dam and debride the root canal system.  

• Dry the canal system with paper points and  isolate the perforation site.  

Fig.12. Anticurvature filling. Here more 

filling pressure is placed  on tooth structure 

away from invagination. 

Fig.13. Radiograph showing apical root 

perforation, i.e. instrument  is going beyond 

confines of root canal. 

Fig.14. Use of MTA for repair of 

perforation. 
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• Prepare the MTA material according to manufacturer’s instructions.  

• Using the carrier provided, dispense the material into perforation site. Condense the 

material using pluggers or paper points. 

• While placing MTA, instrument is placed into the canal to maintain its patency and 

moved up and down in short strokes till the MTA sets. It is done to avoid file getting 

frozen in the MTA. Place the temporary restoration to seal chamber.  

• In next appointment, one sees the hard-set MTA against which obturation can be 

done. 

Prevention: 

1. proper working lengths must be established and maintained throughout the 

procedure. [28] 

2. In curved canals, the flexibility of files with respect to size must be considered. [64] 

3. Cleaning and shaping procedures straighten the canal somewhat and effectively 

decrease the working length by as much as 1 to 2 mm, requiring compensation. [2] 

4. the working length should be verified with an apex locator after completion of 

cleaning and shaping steps.  [43] 

2.2.4. Instrument separation 

Instrument breakage is a common and frustrating problem in endodontic 

treatment which occurs by improper or overuse of instruments especially while 

working in curved, narrow or tortuous canals. Most commonly, files and reamers are 

involved in these types of procedural mishaps. [65] 

Etiology: 

1. Variation from normal root canal anatomy. [66] 

2. Over use of damaged instruments. [67] 

3. Over use of dull instruments. [67] 

4. Inadequate irrigation. [66] 

5. Use of excessive pressure while inserting in canal. [68] 

 6. Improper  access cavity preparation. [66] 

Management: 

When an instrument fracture occurs, take a radiograph to evaluate: 

1. Curvature and length of canal. [69] 

2. Accessibility of instrument. [69] 

3. Location of separated instrument. [70] 
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4. Type of broken instrument that is whether  stainless steel or NiTi. [70] 

5. Amount of dentin present around the instrument. [71] 

 

2.2.4.a. File Bypass Technique: [72] 

• The key to bypass a file is establishing straight line access and patency with small 

instruments. The initial attempts should be made with number 6 or 8 file. 

 

• In order to get past the broken instrument fragment, a small sharp bend should be 

given at the end of the instrument.  

• Insert the file slowly and carefully into the canal. When the negotiation occurs 

past the fragment, one will find a catch. Do not remove file at this point. Use a 

small in and out movements along with copious irrigation of the root canal.  

• While doing these movements, sometimes file may kink, and one may not be able 

to place the file in the canal to the same length. In such cases, use new file with 

similar bend and repeat the above procedure. 

• Once the patency with a No.15 instrument is achieved, go to K reamers. Use a 

“place pull/rotate/withdrawal” movement rather than a filing motion. By this 

motion two things may occur: 

– The reamer will be deflected by the fragment and then there is need to find a 

consistent path of instrument insertion that is probably different than the initial 

path. 

 – Every time one rotates the reamer, there will be a “clicking” sound as the 

flutes brush up against the file fragment. This is normal. 

• One must avoid placing an instrument directly on top of the broken file. This can 

push it deeper resulting in loss of patency. If the file is visible at this point, it is 

Fig.15. Curved, narrow and tortuous canals 

are more prone for instrument fracture. 

Fig.16. Straight line access to instrument is 

primary requirement. 
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possible to use a small tipped ultrasonic instrument or ¼ turn withdrawaltype 

handpiece to dislodge and remove it. 

2.2.4.b. Instrument Retrieval: [73] 

• In order to attempt file removal, exposure of fragment is mandatory. Modified 

Gates-Glidden can also be used to expose the instrument. 

• Gates-Glidden is modified by removing their bottom half and thus creating a flat 

surface.  

• The crown down technique using Gates-Glidden burs is carried out. Once it is 

accomplished, use modified Gates Glidden to enlarge the canal to a point where 

instrument is located; this way a platform is created which enable to visualize the 

broken fragment. It creates a flat area of dentin surrounding the file fragment. 

 
• Thereafter, small tipped ultrasonic instruments can be used around the 

instrument and eventually vibrate the file out of the canal. 

 
• The tip is used in a counter clockwise motion to loosen the file. 

• Irrigation combined with ultrasonics can frequently flush it out at this point. 

• If sufficient file is exposed, an instrument removal system can be used.  

Some special instruments used for retrieval of separated instrument: [74] 

• Wire-loop technique. 

• Masserann kit. 

• Endo-extractor.  

• Instrument removal system. 

•        Nonsurgical mechanical removal system. 

• Surgical removal of broken instrument. 

Fig.17. Gates-Glidden modified to form a 

platform  which enables to visualize 

broken fragment. 

Fig.18. Use of ultrasonic instrument to 

remove fractured instrument. 
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Prognosis of separated instrument depends upon following factors: [3] 

 • Timing of separation.  

• Status of pulp tissue. 

• Position of separated instrument.  

• Ability to retrieve or by pass the instrument. 

Separated instruments are not the prime cause of endodontic failure but 

separated instruments impede mechanical instrumentation of the canal, which may 

cause endodontic failure. [75] 

Prevention: 

• Examine each instrument before placing it into the canal. One should 

always discard instrument when there is: [76]   

– Bending of instruments. 

– Corrosion of instrument. 

– Excessively heating of instrument. 

• Always use the instruments in sequential order. 

• Never force the instrument into the canal. 

• Canals should be copiously irrigated during cleaning and shaping procedure. 

• Always clean the instrument before placing it into the canal. Debris collected 

between the  flutes retard the cutting efficiency and increase the frictional torque 

between the instrument and canal wall. [77] 

2.2.5. Canal blockage 

When a canal suddenly does not permit a working file to be advanced to the 

apical stop, a situation sometimes referred to as a “blockout” has occurred. Buchanan 

pointed out that “blockage occurs when files compact apical debris into a hardened 

mass.” He further noted that “fibrous blockage occurs when vital pulp tissue is 

compacted and solidified against the apical constricture. [1] 

Recognition occurs when the confirmed working length is no longer attained. 

Evaluation radiographically will demonstrate that the file is not near the apical 

terminus. [78] 

Management: 

1. When a blockage occurs, place a small amount of EDTA lubricant on a fine 

instrument and introduce into the canal. Use a gentle watch winding motion along 

with copious irrigation of the canal to remove the dentin chips or tissue debris. [42] 
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2. If this does not solve the problem, endosonics may be used to dislodge the dentin 

chips by the action of acoustic streaming. [79] 

3. Whatever happens, do not force the instrument into the blockage as it may further 

pack the dentinal debris and worsen the condition. Moreover, forcing instruments 

may cause the perforation of the canal. [42] 

Prevention: 

1. Remove all the caries, unsupported tooth structure, restorations before completion 

of the access cavity preparation. [80] 

2. Keep the pulp chamber filled with an irrigant during canal preparation. [78] 

3. Intracanal instruments must always be wiped clean before they are inserted into the 

canal system. [80] 

4. Recapitulation must be done during instrumentation. [81] 

2.3.Obturation-related mishaps 

2.3.1. Under Filling/Incompletely Filled Root Canals 

 Under filling, i.e. more than 2mm short of radiographic apex. [82] 

Etiology: 

1. Inaccurate working length determination. [83] 

2. Inadequate irrigation and recapitulation during biomechanical preparation which 

can lead to accumulation of dentin chips and tissue debris, and thus canal blockage. 
[84] 

3. If ledge is there which can be due to: [42] 

                - Large stiff files in curved canals. 

      - Inadequate straight-line access to canals apices.  

      - Inadequate irrigation. 

      - Skipping the file sizes during biomechanical preparation.  

 - Packing dentin chips, tissue debris in apical portion of the canal. 
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Management: 

re-treatment: removal of the old filling followed by proper preparation and 

obturation of the canal. [85] 

Prognosis depends on the presence or absence of a periradicular lesion and the 

content of the root canal segment that remains unfilled. If a lesion is present or the 

apical canals have necrotic or infected material in them, the prognosis diminishes 

considerably without re-treatment. [4] 

2.3.2. Overfilling of the Root Canals 

 Overfilling of the root canals is filling more than 2mm beyond the radiographic 

apex. [82]                                                                        

    

Etiology [3] 

1. Overinstrumentation of the root canal.  

2. Inadequate determination of the working length.  

3. Incompletely formed root apex.  

4. Inflammatory apical root resorption.  

5. Improper use of reference points for measuring working length. 

Management: 

1. An attempt to remove the overextension is sometimes successful if the entire point 

can be removed with one tug. Many times, however, the point will break off, leaving 

a fragment loose in the periradicular tissue. [4] 

Fig.19. Accumulation of dentin chips and 

tissue debris resulting in incomplete 

instrumentation. 

Fig.20. Overfilling of canal causes 

irritation  of periapical tissues. 
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2. If the overextended filling cannot be removed through the canal, it will be 

necessary to remove the excess surgically if symptoms or radicular lesions develop or 

increase in size. [86] 

Prognosis if the overextended filling provides an adequate seal, treatment may still 

be successful. [87] 

Prevention of over and underfilling: 

1. Accurate working lengths and care to maintain them will help prevent 

overextensions. [88] 

2. Techniques that create apical barriers with calcium hydroxide, dentin chips, or 

MTA may be useful in younger patients with wider root canal systems or in teeth 

with apical resorption. [89] 

3. Incorporation of two simple steps into one’s root canal treatment technique can 

significantly decrease the chance of aberrant fillings; first, confirmation and 

adherence to canal working length throughout the instrumentation procedure and, 

second, taking a radiograph during the initial phases of the obturation to allow for 

corrective action, if indicated. [89] 

2.3.3. Vertical Root Fracture 

Vertical root fracture can occur at any phase of root canal treatment that is during 

biochemical preparation, obturation or during post placement. This fracture results 

from wedging forces within the canal. These excessive forces exceed the binding 

strength of existing dentin causing fatigue and fracture. [90] 

                  

Recognition [91] 1. The sudden crunching sound, similar to that referred to as crepitus 

in the diseased temporomandibular joint. 

2. pain reaction on the part of the patient, is a clear indicator that the root has 

fractured. 

3.“teardrop” radiolucency may appear in the radiograph of a long-standing vertical 

root fracture and may be associated with only minor symptoms of soreness in the 

tooth. 

4. To confirm the diagnosis of a vertical fracture, exploratory surgery is a good way 

to visualize the fracture, but finding a deep periodontal pocket of recent origin in a 

tooth with a long-present root canal filling is most suggestive of a vertical fracture. 

Fig.21. Vertical root fracture. 
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Management: 

1. extraction in most of the cases. [92] 

2. In multirooted teeth root resection or hemisection can be tried. [93] 

Prevention: 

1. Avoid overpreparation of the canal. [94] 

2.Use less tapered and more flexible compacting instruments to control condensation 

forces while obturation. [94] 

3. Posts should not be used unless they are necessary to retain a tooth. [95] 

2.4. Miscellaneous 

2.4.1. Irrigant-Related Mishaps 

Various irrigants have been used in the chemomechanical preparation of the root 

canal system. Saline, hydrogen peroxide, alcohol, and sodium hypochlorite are 

among those most commonly used. The fear of toxicity of sodium hypochlorite as an 

irritant of periradicular tissue has tended to deter its use. [96] 

An unfortunate sequence of events is triggered after the solution is injected into 

the root canal system and forced into the periradicular tissues. With alcohol or 

sodium hypochlorite, an immediate inflammatory response followed by tissue 

destruction ensues. [97] 

 

Recognition: 1. The patient may immediately complain of severe pain. [98] 

2. swelling can be violent and alarming. [98] 

Fig.22. Vertical root fracture. Arrows 

surround the typical “halo” radiolucency 

often seen in vertical root fractures. Note 

the enormous “screw-type”post. 

Fig.23. Gross swelling caused by 

inadvertent injection of 5.25% sodium 

hypochlorite periradicular to a maxillary 

premolar. 
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3. The initial response stage may be characterized by swelling, pain, interstitial 

hemorrhage, and ecchymosis. [99] 

- The effects on the patient will, of course, depend on the type of solution used, the 

concentration, and amount of exposure. [100] 

Management: [101] 

1. Because of the potential for spread of infection related to tissue destruction, it is 

advisable to prescribe antibiotics in addition to analgesics for pain.  

2. Antihistamines can also be helpful.  

3. Ice packs applied initially to the area, followed by warm saline soaks the following 

day, should be initiated to reduce the swelling.  

4. The use of intramuscular steroids.  

5. In more severe cases, hospitalization and surgical intervention with wound 

debridement, may be necessary.  

6. Monitoring the patient’s response is essential until the initial phase of the reaction 

subsides.  

Prognosis is favorable, but immediate treatment, proper management, and close 

observation are important. The long-term effects of irrigant injection into the tissues 

have included paraesthesia, scarring, and muscle weakness. [1] 

Prevention [102] 

1.  passive placement of a modified needle.  

2. No attempt should be made to force the needle apically.  

3. The needle must not be wedged into the canal, and the solution should be delivered 

slowly and without pressure.  

4. Special endodontic irrigating needles such as the Monoject Endodontic Needle 

with a modified tip and side orifice.  

5. In the event that sodium hypochlorite is inadvertently injected into the maxillary 

sinus, immediate lavage of the sinus through the same root canal path way of at least 

30 mL of sterile water or saline should prevent damage of the sinus lining.  

2.4.2. Tissue Emphysema 

Subcutaneous or periradicular air emphysema is, fortunately, relatively 

uncommon. Tissue space emphysema has been defined as the passage and collection 

of gas in tissue spaces or fascial planes. [103] 

The common etiologic factor is compressed air being forced into the tissue 

spaces.Two procedures in endodontics, if carried out improperly, have the potential 

to cause a problem. [104] 
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 * First, during canal preparation, a blast of air to dry the canal. 

* second, during apical surgery, air from a high-speed drill can lead to air 

emphysema. 

Recognition [105] 1. The usual sequence of events is rapid swelling, erythema, and 

crepitus.  

2. Hayduk et al. regard crepitus as pathognomonic of tissue space emphysema and 

therefore easily distinguished from angioedema.  

3. Although pain is not a major complaint, dysphagia and dyspnea have been 

reported.  

4. Unlike irrigant extrusion reactions, tissue space emphysema remains in the 

subcutaneous connective tissue and usually does not spread to the deep anatomic 

spaces.  

5. Migration of air into the neck region could cause respiratory difficulty, and 

progression into the mediastinum could cause death.  

There are several diagnostic signs of mediastinal emphysema. [106] 

- First, a sudden swelling of the neck is seen.  

- Second, the patient may have difficulty breathing and his voice will sound brassy.  

- Third, the characteristic crackling can be induced when the swollen regions are 

palpated.  

- Finally, the mediastinal crunching noise is heard on auscultation, and air spaces are 

seen in anteroposterior and lateral chest radiographs. 

Management: 

Treatment recommendations vary from palliative care and observation to immediate 

medical attention if the airway or mediastinum is compromised. Broad-spectrum 

antibiotic coverage is indicated in all cases to prevent the risk of secondary infection. 
[107] 

Prevention: [108] 

1. Using paper points to dry root canals.  

2. If the air syringe is to be used, Jerome suggested horizontal positioning over the 

access opening, using the “Venturi effect” to aid in drying the canal.  

3. In surgical procedures, once a flap is reflected, apical access can be made with the 

slow-speed or high-speed handpieces that do not direct jets of air into surgery sites.  

2.4.3. Instrument Aspiration and Ingestion 

Aspiration or ingestion of a foreign object is a complication that can occur 

during any dental procedure. [109] 
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Aspiration of instruments can occur during endodontic therapy if accidentally 

dropped in the mouth. It occurs especially in absence of  rubber dam. [109] 

Recognition 1. In these cases, is perhaps better termed “suspicion” because 

sometimes aspiration may not be recognizable. [110] 

2. If an instrument aspiration or ingestion is apparent, the patient must be taken 

immediately to a medical emergency facility for examination, which should include 

radiographs of the chest and abdomen. [111] 

Management: [112] 

1. in the dental operatory is limited to removal of objects that are readily accessible 

in the throat.  

2. High-volume suction, particularly if fitted with a pharyngeal tip, can be useful in 

retrieving lost items.  

3. Hemostats and cotton pliers can also be used.  

4. Once aspiration has taken place, timely transport to a medical emergency facility 

is essential. The dentist should accompany the patient there.  

Prevention: 

1. Can best be accomplished by strict adherence to the use of a rubber dam during all 

phases of endodontic therapy. [113] 

2. If a rubber dam clamp is placed on the tooth to be treated before rubber dam 

placement, aspiration of a loosened clamp can be avoided by attaching floss to the 

clamp before placement. [114] 

 

 

 

 

 

 

 

Fig.24. Routine placement of floss around 

the rubber dam retainer will allow retrieval 

in the event that the patient aspirates it. 
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3. Conclusion 

Endodontic failure still occurs despite technological advancements in the field 

of dental instrumentation and materials. Endodontic procedural errors are not the 

direct cause of treatment failure.  The technological boom in endodontics has 

provided the methods and instruments that allow successful treatment of teeth with 

calcified chambers, calcified canals, severe root curvature, ledging, resorptive 

defects, perforations and canal blockage due to separated instruments. With enhanced 

magnification by operating microscope, direct lighting, use of ultrasonics, NiTi 

instruments, multiple delivery systems for obturation, almost all procedural errors 

during endodontic therapy can be minimized or prevented/ successfully treated with 

predictable prognosis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

4. References: 

1. Ingle, John Ide, and J. Craig Baumgartner. Ingle's endodontics. PMPH-USA, 

2008. 

2. Torabinejad, Mahmoud, Ashraf Fouad, and Richard E. Walton. Endodontics-e-

book: Principles and practice. Elsevier Health Sciences, 2014. 

3. Garg, Nisha, and Amit Garg. Textbook of endodontics. Boydell & Brewer Ltd, 

2010. 

4. Ingle, J. "Bakland l." Endodontics, 5th Edition. Bc Decker Co (2002): 770. 

5. Bjørndal, Lars, and Claes Reit. "Endodontic malpractice claims in Denmark 1995–

2004." International endodontic journal 41.12 (2008): 1059-1065. 

6. Siquira JF, Lopes HP. Bacteria on the apical root surfaces of untreated teeth with 

periradicular lesions: a scanning microscopy study. International Endodontic Journal 

2001; 34(3): 216. 

7. Pettiette, M. T., D. Conner, and M. Trope. "Procedural errors." J Endod 28.3 

(2012): 259. 

8. Frank RJ. Endodontic Mishaps: Their detection, Correction and Prevention. In: 

Ingle Bakland, editor. Endodontics, 5th edition. New Delhi: Harcourt Publishers; 

2003. p. 769-794. 

9. Witherspoon, David E., Joel C. Small, and J. D. Regan. "Missed canal systems are 

the most likely basis for endodontic retreatment of molars." Tex Dent J 130.2 (2013): 

127-39. 

10. Cantatore, Giuseppe, Elio Berutti, and Arnaldo Castellucci. "Missed anatomy: 

frequency and clinical impact." Endodontic Topics 15.1 (2006): 3-31. 

11. Sachdeva, Gurmeet Singh, et al. "Endodontic management of a mandibular 

second premolar with four roots and four root canals with the aid of spiral computed 

tomography: a case report." Journal of Endodontics 34.1 (2008): 104-107. 

12. Brüllmann, Dan, et al. "Recognition of root canal orifices at a distance–a 

preliminary study of teledentistry." Journal of telemedicine and telecare 17.3 (2011): 

154-157. 

13. Javidi, Maryam, Mina Zarei, and Mehdi Vatanpour. "Endodontic treatment of a 

radiculous maxillary premolar: a case report." Journal of oral science 50.1 (2008): 99-

102. 

14. Karabucak, Bekir, et al. "Prevalence of apical periodontitis in endodontically 

treated premolars and molars with untreated canal: a cone-beam computed 

tomography study." Journal of endodontics 42.4 (2016): 538-541. 

15. Gandhi, Bhavana, Kishore Kumar Majety, and Ramesh Halebathi Gowdra. "Root 

canal treatment of bilateral three-rooted maxillary first premolars." Journal of 

Orofacial Sciences 4.1 (2012): 56. 



25 
 

16. Gopikrishna, Velayutham, Narayanan Bhargavi, and Deivanayagam 

Kandaswamy. "Endodontic management of a maxillary first molar with a single root 

and a single canal diagnosed with the aid of spiral CT: a case report." Journal of 

Endodontics 32.7 (2006): 687-691. 

17.  Wu, Daming, et al. "The clinical treatment of complicated root canal therapy 

with the aid of a dental operating microscope." International dental journal 61.5 

(2011): 261-266. 

18.  Calberson, Filip L., Roeland J. De Moor, and Christophe A. Deroose. "The radix 

entomolaris and paramolaris: clinical approach in endodontics." Journal of 

endodontics 33.1 (2007): 58-63. 

19.  Song, Minju, et al. "Analysis of the cause of failure in nonsurgical endodontic 

treatment by microscopic inspection during endodontic microsurgery." Journal of 

endodontics 37.11 (2011): 1516-1519. 

20.  Deepalakshmi, Mohanavelu, et al. "Independent and confluent middle mesial 

root canals in mandibular first molars: A report of four cases." Case reports in 

dentistry 2012 (2012). 

21. Wood, Kelly Copps, et al. "Resistance to fracture of two all-ceramic crown 

materials following endodontic access." Journal of Prosthetic Dentistry 95.1 (2006): 

33-41. 

22. Gettleman BH, Spriggs KA, ElDeeb ME, Messer HH. Removal of canal 

obstructions with the Endo Extractor. Journal of Endodontics 1991; 17(12): 608-611. 

23.  Harris WE. A simplified method of treatment for endodontic perforations. JOE 

1999;2:126. 

24. Martin LR, et al. Management of endodontic perforations. Oral Surg 

2005;54:668. 

25. El Deeb ME,et al.An evaluation of the use of amalgam,Cavit, and calcium 

hydroxide in the repair of furcation perforations. JOE 2003;8:459. 

26.  Main, Craig, et al. "Repair of root perforations using mineral trioxide aggregate: 

a long-term study." Journal of Endodontics 30.2 (2004): 80-83. 

27. Tsesis, Igor, and Zvi Fuss. "Diagnosis and treatment of accidental root 

perforations." Endodontic Topics 13.1 (2006): 95-107. 

28.  Tsesis, Igor, et al. "Prevalence and associated periodontal status of teeth with 

root perforation: a retrospective study of 2,002 patients' medical records." Journal of 

endodontics 36.5 (2010): 797-800. 

29.  Yoldas, Oguz, et al. "Perforation risks associated with the use of Masserann 

endodontic kit drills in mandibular molars." Oral Surgery, Oral Medicine, Oral 

Pathology, Oral Radiology and Endodontics 97.4 (2004): 513-517. 



26 
 

30. Tsatsas, Dimitrios V., Helen A. Meliou, and Nikolaos P. Kerezoudis. "Sealing 

effectiveness of materials used in furcation perforation in vitro." International dental 

journal 55.3 (2005): 133-141. 

31. Olsburgh, Steven, Thalia Jacoby, and Ivo Krejci. "Crown fractures in the 

permanent dentition: pulpal and restorative considerations." Dental Traumatology 

18.3 (2002): 103-115. 

32.  Lin, Louis M., Joseph E. Skribner, and Peter Gaengler. "Factors associated with 

endodontic treatment failures." Journal of Endodontics 18.12 (1992): 625-627. 

33.  Reis, A., et al. "Reattachment of fractured teeth: a review of literature regarding 

techniques and materials." OPERATIVE DENTISTRY-UNIVERSITY OF 

WASHINGTON- 29.2 (2004): 226-233. 

34. Poi, Wilson Roberto, et al. "Multidisciplinary treatment approach for crown 

fracture and crown‐root fracture–a case report." Dental Traumatology 23.1 (2007): 

51-55. 

35.  Heydecke, Guido, Frank Butz, and Jörg R. Strub. "Fracture strength and survival 

rate of endodontically treated maxillary incisors with approximal cavities after 

restoration with different post and core systems: an in-vitro study." Journal of 

dentistry 29.6 (2001): 427-433. 

36. Huang, Anderson Hsien-Cheng, et al. "Isolation and characterization of human 

dental pulp stem/stromal cells from nonextracted crown-fractured teeth requiring root 

canal therapy." Journal of endodontics 35.5 (2009): 673-681. 

37. Yin, Xingzhe, et al. "Micro-computed tomographic comparison of nickel-titanium 

rotary versus traditional instruments in C-shaped root canal system." Journal of 

endodontics 36.4 (2010): 708-712. 

38. Jafarzadeh, Hamid, and Paul V. Abbott. "Ledge formation: review of a great 

challenge in endodontics." Journal of endodontics 33.10 (2007): 1155-1162. 

39. Suter, B., A. Lussi, and P. Sequeira. "Probability of removing fractured 

instruments from root canals." International Endodontic Journal 38.2 (2005): 112-

123. 

40.  Kapalas, A., and T. Lambrianidis. "Factors associated with root canal ledging 

during instrumentation." Dental Traumatology 16.5 (2000): 229-231. 

41.  Lin, Louis M., Paul A. Rosenberg, and Jarshen Lin. "Do procedural errors cause 

endodontic treatment failure?." The Journal of the American Dental Association 

136.2 (2005): 187-193. 

42. Lambrianidis, Theodoros. "Ledging and blockage of root canals during canal 

preparation: causes, recognition, prevention, management, and outcomes." 

Endodontic Topics 15.1 (2006): 56-74. 



27 
 

43. Gutmann, James L., and Paul E. Lovdahl. Problem solving in endodontics: 

prevention, identification, and management. Elsevier Brasil, 2011. 

44. Pitt Ford, T. R., John S. Rhodes, and H. E. Pitt Ford. "Endodontics: problem-

solving in clinical practice." (2002). 

45. Testarelli, Luca, et al. "Bending properties of a new nickel-titanium alloy with a 

lower percent by weight of nickel." Journal of endodontics 37.9 (2011): 1293-1295. 

46. Schäfer, Edgar, and Till Dammaschke. "Development and sequelae of canal 

transportation." Endodontic Topics 15.1 (2006): 75-90. 

47. Nagaraja, Shruthi, and BV Sreenivasa Murthy. "CT evaluation of canal 

preparation using rotary and hand NI-TI instruments: An in vitro study." Journal of 

conservative dentistry: JCD 13.1 (2010): 16. 

48. Hartmann, Mateus Silveira Martins, et al. "Canal transportation after root canal 

instrumentation: a comparative study with computed tomography." Journal of 

endodontics 33.8 (2007): 962-965. 

49. El Batouty, Kariem M., and Waleed E. Elmallah. "Comparison of canal 

transportation and changes in canal curvature of two nickel-titanium rotary 

instruments." Journal of endodontics 37.9 (2011): 1290-1292. 

50. Metzger, Zvi, et al. "The self-adjusting file (SAF). Part 1: respecting the root 

canal anatomy—a new concept of endodontic files and its implementation." Journal 

of Endodontics 36.4 (2010): 679-690. 

51. Berutti, Elio, et al. "Canal shaping with WaveOne Primary reciprocating files and 

ProTaper system: a comparative study." Journal of endodontics 38.4 (2012): 505-509. 

52. Peters, Ove A., and Frank Paqué. "Current developments in rotary root canal 

instrument technology and clinical use: a review." Quintessence International 41.6 

(2010). 

53. Vaudt, J., et al. "Ex vivo study on root canal instrumentation of two rotary nickel–

titanium systems in comparison to stainless steel hand instruments." International 

endodontic journal 42.1 (2009): 22-33. 

54. Coutinho Filho, Tauby, et al. "A computer evaluation of the dentin remaining 

after cervical preparation in curved canals: gates-glidden drills vs. orifice shaper." 

Brazilian Journal of Oral Sciences 1.3 (2002): 116-120. 

55. Shemesh, Hagay, et al. "The use of cone-beam computed tomography and digital 

periapical radiographs to diagnose root perforations." Journal of endodontics 37.4 

(2011): 513-516. 

56. Behnia, Ali, HOWARD E. STRASSLER, and ROBERT CAMPBELL. 

"Repairing iatrogenic root perforations." The Journal of the American Dental 

Association 131.2 (2000): 196-201. 



28 
 

57. Regan, John D., David E. Witherspoon, and DEBORAHM FOYLE. "Surgical 

repair of root and tooth perforations." Endodontic topics 11.1 (2005): 152-178. 

58. Ciobanu, Ionela Elisabeta, et al. "Root Canal Stripping: Malpractice or Common 

Procedural Accident—An Ethical Dilemma in Endodontics." Case reports in dentistry 

2016 (2016). 

59. Tsai, Yi-Ling, Wan-Hong Ian, and Jiiang-Huei Jeng. "Treatment of pulp floor and 

stripping perforation by mineral trioxide aggregate." Journal of the Formosan 

Medical Association 105.6 (2006): 522-526. 

60.  Mounce, Rich. "ENDODONTICS MADE EASY-Is it essential to pre-curve K 

files before use?." Oral Health 95.12 (2005): 10-11. 

61.  Ardila, C. N., M‐K. Wu, and P. R. Wesselink. "Percentage of filled canal area in 

mandibular molars after conventional root‐canal instrumentation and after a 

noninstrumentation technique (NIT)." International Endodontic Journal 36.9 (2003): 

591-598. 

62. Deutsch AS, Musikant BL. Morphological Measurements of Anatomic 

Landmarks in Human Maxillary and Mandibular Molar Pulp Chambers. Journal of 

Endodontics 2004; 30(6): 388-390. 

63.  Mente, Johannes, et al. "Treatment outcome of mineral trioxide aggregate: repair 

of root perforations." Journal of endodontics 36.2 (2010): 208-213. 

64. Mounce, Rich. "ENDODONTICS MADE EASY-Is it essential to pre-curve K 

files before use?." Oral Health 95.12 (2005): 10-11. 

65. Li, Uei-Ming, et al. "Cyclic fatigue of endodontic nickel titanium rotary 

instruments: static and dynamic tests." Journal of Endodontics 28.6 (2002): 448-451. 

66.  McGuigan, M. B., C. Louca, and H. F. Duncan. "Endodontic instrument fracture: 

causes and prevention." British dental journal 214.7 (2013): 341. 

67. Cheung, G. S. P., et al. "Defects in ProTaper S1 instruments after clinical use: 

fractographic examination." International Endodontic Journal 38.11 (2005): 802-809. 

68. Peters, Ove A., et al. "ProTaper rotary root canal preparation: assessment of 

torque and force in relation to canal anatomy." (2003): 93-99. 

69. Tzanetakis, Giorgos N., et al. "Prevalence and management of instrument fracture 

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

retrospective clinical study." Journal of Endodontics 34.6 (2008): 675-678. 

70. Madarati, Ahmad A., Mark J. Hunter, and Paul MH Dummer. "Management of 

intracanal separated instruments." Journal of endodontics 39.5 (2013): 569-581. 

71. Shen, Ya, Bin Peng, and Gary Shun-pan Cheung. "Factors associated with the 

removal of fractured NiTi instruments from root canal systems." Oral Surgery, Oral 

Medicine, Oral Pathology and Oral Radiology 98.5 (2004): 605-610. 



29 
 

72. Nevares, Giselle, et al. "Success rates for removing or bypassing fractured 

instruments: a prospective clinical study." Journal of endodontics 38.4 (2012): 442-

444. 

73. Panitvisai, Piyanee, et al. "Impact of a retained instrument on treatment outcome: 

a systematic review and meta-analysis." Journal of endodontics 36.5 (2010): 775-780. 

74. Yoldas, Oguz, et al. "Perforation risks associated with the use of Masserann 

endodontic kit drills in mandibular molars." Oral Surgery, Oral Medicine, Oral 

Pathology, Oral Radiology and Endodontics 97.4 (2004): 513-517. 

75. Tabassum, Sadia, and Farhan Raza Khan. "Failure of endodontic treatment: The 

usual suspects." European journal of dentistry 10.1 (2016): 144. 

76. Di Fiore PM, Genov KI, Komaroff E, et al: Fracture of ProFile nickel-titanium 

rotary instruments: a laboratory simulation assessment, Int Endod J 39:502, 2006. 

77. Iqbal, Mian K., Meetu R. Kohli, and Jessica S. Kim. "A retrospective clinical 

study of incidence of root canal instrument separation in an endodontics graduate 

program: a PennEndo database study." Journal of endodontics 32.11 (2006): 1048-

1052. 

78. Siqueira, José F. "Reaction of periradicular tissues to root canal treatment: 

benefits and drawbacks." Endodontic Topics 10.1 (2005): 123-147. 

79. Elmsallati, Elham A., Reiko Wadachi, and Hideaka Suda. "Extrusion of debris 

after use of rotary nickel‐titanium files with different pitch: A pilot study." Australian 

Endodontic Journal 35.2 (2009): 65-69. 

80. Hülsmann, Michael, Ove A. Peters, and Paul MH Dummer. "Mechanical 

preparation of root canals: shaping goals, techniques and means." Endodontic topics 

10.1 (2005): 30-76. 

81. Duigou, Christopher. "Discuss the prevention and management of procedural 

errors during endodontic treatment." Australian Endodontic Journal 30.2 (2004): 74-

78. 

82. Dammaschke, Till, et al. "Long-term survival of root-canal–treated teeth: a 

retrospective study over 10 years." Journal of endodontics 29.10 (2003): 638-643. 

83. Yousuf, Waqas, Moiz Khan, and Hasan Mehdi. "Endodontic procedural errors: 

frequency, type of error, and the most frequently treated tooth." International journal 

of dentistry 2015 (2015). 

84. Hauman, C. H. J., and R. M. Love. "Biocompatibility of dental materials used in 

contemporary endodontic therapy: a review. Part 2. Root‐canal‐filling materials." 

International Endodontic Journal 36.3 (2003): 147-160. 

85. Hoen, Michael M., and Frank E. Pink. "Contemporary endodontic retreatments: 

an analysis based on clinical treatment findings." Journal of Endodontics 28.12 

(2002): 834-836. 



30 
 

86. Yaltirik, Mehmet, and Hakan Ozbas. "Surgical management of overfilling of the 

root canal: a case report." Quintessence international 33.9 (2002). 

87. Giardino, Luciano, et al. "Aspergillus mycetoma of the maxillary sinus secondary 

to overfilling of a root canal." Journal of endodontics 32.7 (2006): 692-694. 

88. Schilder, Herbert. "Filling root canals in three dimensions." Journal of 

endodontics 32.4 (2006): 281-290. 

89. Gluskin, Alan H. "Mishaps and serious complications in endodontic obturation." 

Endodontic topics 12.1 (2005): 52-70. 

90. Lertchirakarn, Veera, Joseph EA Palamara, and Harold H. Messer. "Patterns of 

vertical root fracture: factors affecting stress distribution in the root canal." Journal of 

Endodontics 29.8 (2003): 523-528. 

91. Kamburoğlu, Kıvanç, et al. "Detection of vertical root fracture using cone-beam 

computerized tomography: an in vitro assessment." Oral Surgery, Oral Medicine, 

Oral Pathology, Oral Radiology and Endodontics 109.2 (2010): e74-e81. 

92. Tamse, Aviad. "Vertical root fractures in endodontically treated teeth: diagnostic 

signs and clinical management." Endodontic topics 13.1 (2006): 84-94. 

93. Sugaya, Tsutomu, et al. "Periodontal healing after bonding treatment of vertical 

root fracture." Dental Traumatology 17.4 (2001): 174-179. 

94. Geurtsen, Werner, Thomas Schwarze, and Huesamettin Günay. "Diagnosis, 

therapy, and prevention of the cracked tooth syndrome." Quintessence international 

34.6 (2003). 

95. Hayashi, Mikako, et al. "Fracture resistance of pulpless teeth restored with post-

cores and crowns." Dental Materials 22.5 (2006): 477-485. 

96. Hiremath, Hemalatha, et al. "Accidental injection of 2% chlorhexidine gluconate 

instead of an anesthetic agent: A case report." Journal of conservative dentistry: JCD 

19.1 (2016): 106. 

97. JOE, Editorial Board. "Procedural accidents: an online study guide." Journal of 

endodontics 34.5 Suppl (2008): e65. 

98. Boutsioukis, C., Z. Psimma, and L. W. M. Sluis. "Factors affecting irrigant 

extrusion during root canal irrigation: a systematic review." International endodontic 

journal 46.7 (2013): 599-618. 

99. Swanljung, Outi, and Miira M. Vehkalahti. "Root Canal Irrigants and 

Medicaments in Endodontic Malpractice Cases: A Nationwide Longitudinal 

Observation." Journal of endodontics (2018). 

100. Rödig, Tina, et al. "Effectiveness of different irrigant agitation techniques on 

debris and smear layer removal in curved root canals: a scanning electron microscopy 

study." Journal of endodontics 36.12 (2010): 1983-1987. 



31 
 

101. Patel, E., and M. Gangadin. "Managing sodium hypochlorite accidents: the 

reality of toxicity." South African Dental Journal 72.6 (2017): 271-274. 

102. Charara, Karine, et al. "Assessment of apical extrusion during root canal 

irrigation with the novel GentleWave system in a simulated apical environment." 

Journal of endodontics 42.1 (2016): 135-139. 

103. Smatt, Y., et al. "Iatrogenic pneumomediastinum and facial emphysema after 

endodontic treatment." British Journal of Oral and Maxillofacial Surgery 42.2 (2004): 

160-162. 

104. De Sermeño, Ruth Fuentes, et al. "Tissue damage after sodium hypochlorite 

extrusion during root canal treatment." Oral Surgery, Oral Medicine, Oral Pathology, 

Oral Radiology and Endodontics 108.1 (2009): e46-e49. 

105. Mishra, Lora, et al. "Iatrogenic subcutaneous emphysema of endodontic origin–

case report with literature review." Journal of clinical and diagnostic research: JCDR 

8.1 (2014): 279. 

106. An, Gregory K., Boris Zats, and Marc Kunin. "Orbital, mediastinal, and 

cervicofacial subcutaneous emphysema after endodontic retreatment of a mandibular 

premolar: a case report." Journal of endodontics 40.6 (2014): 880-883. 

107. Abu-Hijleh, Muhanned, and Michael Blundin. "Emergency use of an 

endobronchial one-way valve in the management of severe air leak and massive 

subcutaneous emphysema." Lung 188.3 (2010): 253-257. 

108. Durukan, Polat, et al. "Cervicofacial emphysema and pneumomediastinum after 

a high-speed air drill endodontic treatment procedure." The American journal of 

emergency medicine 30.9 (2012): 2095-e3. 

109. Susini, G., L. Pommel, and J. Camps. "Accidental ingestion and aspiration of 

root canal instruments and other dental foreign bodies in a French population." 

International endodontic journal 40.8 (2007): 585-589. 

110. Kuo, S‐C., and Y‐L. Chen. "Accidental swallowing of an endodontic file." 

International endodontic journal 41.7 (2008): 617-622. 

111. Venkataraghavan, Karthik, et al. "Accidental ingestion of foreign object: 

Systematic review, recommendations and report of a case." The Saudi dental journal 

23.4 (2011): 177-181. 

112. Parolia, A., et al. "Management of foreign body aspiration or ingestion in 

dentistry." Kathmandu University Medical Journal 7.2 (2009): 165-171. 

113. Fishelberg, Gerald, and Dov Hook. "Patient safety during endodontic therapy 

using current technology: a case report." Journal of endodontics 29.10 (2003): 683-

684. 



32 
 

114. Cujé, J., C. Bargholz, and M. Hülsmann. "The outcome of retained instrument 

removal in a specialist practice." International endodontic journal 43.7 (2010): 545-

554. 

 


