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Foraminal enlargement: 
Local and systemic repercussions

ABSTRACT

Introduction: endodontic infection can reach and even go 
beyond the apical foramen. Therefore, determining apical 
constriction as the ideal limit for instrumentation and obtu-
ration has been questioned.  Intentional foraminal enlarge-
ment is performed for the purpose of reducing the microbial 
contingent to levels more favorable to repair.  However, lo-
cal and systemic repercussions have been associated with 
this approach. Objectives: to critically review the literature 
on local and systemic repercussions relative to intentional 
foraminal enlargement. Methods: in March 2018, an elec-
tronic search performed on the PUBMED database using 
the terms “foraminal enlargement” OR “foraminal widening” 
OR “apical limit” AND “endodontics” identified 74 scientific 
articles. These articles, analysis of their references and use 
of another 5 base articles resulted in the 115 studies used 
for performing this research. Results: intentional foraminal 

enlargement cannot always be performed due to the ana-
tomical and morphological conditions. The greater the apical 
foramen enlargement, the greater the possibility of extrusion 
of substances and/or materials used to perform endodontic 
treatment. Intentional foraminal enlargement seems to be 
contraindicated in patients who are taking or have recently 
used bisphosphonates, those with coagulation disorders and/
or under chronic use of anticoagulants and at high risk for bac-
teremia. Conclusions: the impacts of intentional foraminal 
enlargement on the success of endodontic treatment should 
be investigated.  However, the methodological procedures of 
clinical studies should be carefully designed, especially taking 
into consideration the systemic conditions of patients who 
will be part of the sample.

Keywords: apical foramen; foraminal enlargement; end-
odontic treatment.
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Introduction
Endodontics is one of  the specialties that has under-

gone the largest number of  changes in the way treat-
ment is performed by virtue of  the technical-scientific 
developments that have taken place over the last few 
decades.1-6 Nevertheless, the binomial “cleaning and 
shaping”7 continues to be one of  its fundamental bases, 
especially in cases of  infection.

Due to the anatomic  complexity of  the root canal 
system, the literature has shown difficulties with obtain-
ing an adequate process of  cleaning and disinfection, 
particularly in the apical third.8 Moreover, endodontic 
infection may be localized in areas beyond the apical 
constriction; that is, in the foramen and external apical 
root surface (extraradicular biofilm).9-11

Extraradicular biofilms are only eliminated by means 
of  paraendodontic surgeries.12,13 To control the infection 
present in the region of  the apical foramen, foraminal 
patency is recommended.14,15 This procedure consists 
of  the use of  a fine caliber instrument  that softly touch-
es the walls of  the foramen.14,15 This avoids the accumu-
lation of  dentin, loss of  working length, apical devia-
tions, perforations and excessive extrusion of  debris.16 
Furthermore, it potentiates the disinfection process by 
transporting the auxiliary chemical substance up to the 
final millimeters of  the root canal14,15,17,18 However, fo-
raminal patency does not promote mechanical cleaning 
of  the apical foramen.19,20 

Instrumentation or intentional foraminal enlarge-
ment is based on the use of  instruments with larger 
calibrations at the level of, or slightly beyond the real 
working length of  the tooth.21,22 The purpose of  this is 
to diminish the microbial contingent to levels that are 
even more favorable to repair by means of  mechanically 
cleaning the foraminal walls.21,23 Previous studies have 
demonstrated  satisfactory results of  this treatment phi-
losophy.24-27 However, local and  systemic repercussions 
have been associated with intentional foraminal enlarge-
ment.28-30 

The aim of  this article was to make a critical analysis 
of  the literature about local and systemic repercussions 
related to intentional foraminal enlargement.

Materials and methods
In March 2018, an electronic search, without limit 

on dates was conducted in the PUBMED database, 
using the terms “foraminal enlargement” OR “forami-

nal widening” OR “apical limit” AND “endodontics”. 
This resulted in 74 scientific articles being identified. 
These articles, analysis of  their bibliographic refer-
ences and the use of  another 5 complementary stud-
ies,28-32 resulted in the 115 studies consulted for con-
ducting this research.  

Local repercussions associated with inten-
tional foraminal enlargement
Anatomic considerations

Clinical studies have demonstrated a higher inci-
dence of  endodontic instrument fractures in the api-
cal third.33,34 Considering that posterior teeth are the 
type that mainly have apical foramen localized later-
ally to the root apex, intentional foraminal enlarge-
ment, in these cases, predisposes these teeth to even 
higher risks for the occurrence of  this accident, by 
virtue of  the different directions of  the root canal be-
fore and after apical constriction.35-36

Furthermore, the apical foramen shape and char-
acteristics of  the endodontic instruments constitute 
limitations to intentional foraminal enlargement.  In 
the majority of  cases, the apical foramen is oval-
shaped.37,38 To enable conventional endodontic instru-
ments to effectively touch their walls, it is necessary 
to use larger caliber instruments,39,40 which predis-
poses the teeth to developing microcracks or apical 
fractures.41 Even so, the chances of  these instruments 
touching the foramen walls is highly unlikely.42 

Another limiting factor to intentional foraminal en-
largement is the impossibility of  obtaining the apical 
patency.43 This occurs due to the presence of  abrupt  
curvatures, two or more main apical foramina, apical 
deltas and complete or incomplete isthmuses.44 

Although intentional foraminal enlargement would 
be a  reasonable idea from the microbiological point of  
view, it is not always possible to perform it, considering 
the anatomic complexity of  root canal systems.43 

Extrusion of substances and materials into the 
periradicular tissues

Sodium hypochlorite is the irrigant most frequent-
ly used in Endodontics.45-53 However, it is highly ag-
gressive when it  extravasates to regions beyond the 
apical foramen.54-59 The most common  consequenc-
es of  this accident are: severe pain, immediate  in-
flammation of  the affected area, extension of  edema 
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to the face, lips and  infra-orbital region, interstitial 
hemorrhage and that arising from the root canal, with 
echymosis  of  the skin and mucosa, secondary infec-
tion and paresthesia.54-60 

Another frequently used drug with reports of  ex-
trusion with negative consequence is calcium hydrox-
ide.61-63 Fava, in 199361 and Marais & Van der Vyver, in 
1996,62 reported cases of  calcium hydroxide extrusion 
into the maxillary sinus, causing acute pain and foreign 
body reaction.   Ahlgren et al., in 2003,63 reported a case 
of  calcium hydroxide extrusion into the mandibular ca-
nal with acute pain and paresthesia. Neural lesions,64 
severe periradicular inflammation and need to extract 
the tooth involved,65 in addition to the persistence of  
periradicular lesions have also been associated with the 
extrusion of  this substance.66

Filling materials (mainly solids) are also responsible 
for complications when they are overfilled to regions 
beyond the apical foramen. Inferior alveolar nerve dam-
age, development of  periradicular lesions of  the foreign 
body type and flare-ups have also been associated with 
this occurrence.67-72

There are no scientific evidences demonstrat-
ing benefits relative to the extrusion of  any substance 
or materials into the periradicular tissues.56-58.73-77 The 
greater the apical foramen enlargement, the greater the 
chances of  extrusion.78  

Systemic repercussions associated with 
intentional foraminal enlargement
Patients who make use or have recently made use 
of bisphosphonates

Bisphosphonates are medications used in the treat-
ment of  bone diseases and in the prevention of  tumor 
metastases.79 Their chronic use has been associated 
with osteonecrosis of  the maxillae after dental proce-
dures.79-82 Therefore, dentists must take care to minimize 
or neutralize the potential negative effects related to the 
use of  these drugs:

» Before the intervention, antiseptic substances such 
as chlorhexidine reduce the bacterial load in the oral 
cavity83 and the risks of  bacteremia by virtue of  possible 
damage to the soft tissues.30,84

» As bisphosphonates have angiogenic action, an-
esthesias with vasoconstrictors must be avoided due 
to the possibility of  the patient’s vascularization being 
compromised.30,85

» Bisphosphonates interfere directly in the bone re-
modeling process and in the inhibition of  chemical me-
diators of  the inflammatory process.86,87 Therefore, apical 
limits of  instrumentation must be established at the api-
cal constriction or as closely as possible to this area, with 
the purpose of  preventing the extrusion of  debris and ex-
acerbated inflammatory reactions during and after treat-
ment.86,87 The apical patency itself  must be avoided by 
virtue of  the risks of  bacteremia.28,30 Furthermore, priori-
ty must be given to performing obturation techniques that 
offer less possibility of  over-filling and over-extension.30

Patients with coagulation disorders or those using 
anticoagulant medications 

In healthy patients, hemostasis is associated with 4 
main factors: blood vessel walls, platelets, coagulation 
and fibrinolytic systems Constriction of  the blood ves-
sels constitutes the first stage in this process, followed 
by platelet adhesion and aggregation, and deposition of  
fibrin. Coagulation, a continuous act, is guided by physi-
ological agents. Fibronolysis is triggered by the presence 
of  fibrin and plasminogen activators. It is regulated by 
the action of  physiological inhibitors, such as: antiplas-
min-2, histidin-rich glycoprotein and plasminogen acti-
vator inhibitor.32,88-91

In patients with coagulation disorders or who make 
chronic use of  anticoagulant agents, this process is 
changed, resulting in excessive bleeding, even when 
subjected to small stimuli. Dentists must consider the 
impact of  blood disorders and/or chronic use of  anti-
coagulant agents to enable them to correctly delineate 
the planning of  each intervention.31,92,93 In the event of  
the need for endodontic treatment, intentional foraminal 
enlargement appears to be contra-indicated.94

Patients at high risk for bacteremia 
Various systemic complications such as bacterial en-

docarditis, acute infarction of  the myocardium, cerebral 
abscess, bone, antral and blood infections have been as-
sociated with odontogenic infections.95-101

During endodontic treatment, extrusion of  bacteria 
into the bloodstream and lymphatic system may oc-
cur.100,102-104 This has been proved by the existence of  
similar microbiological profiles in the root canals and 
bloodstream of  the same patients.105-108  According to 
Tinaz et al., in 2005,109 a larger quantity of  debris extru-
sion occurred after intentional foraminal enlargement.
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Conclusions
The choice of  the apical limit of  instrumentation 

should invariably be based on scientific evidences. Up 
to now, no randomized clinical study with longitudinal 
follow-up has been conducted and published, demon-
strating the success rates of  endodontic treatments or 
retreatments after foraminal enlargement. Whereas, 
controlled clinical studies with robust samples and ade-
quate inclusion and exclusion criteria have revealed high 
success rates when the apical limits of  instrumentation 
were established closed to the apical constriction.110-112 
Therefore, according to the principles that guide clinical 

practice based on scientific evidences, the ideal apical 
limit for instrumentation is the apical constriction. 

The impact of  intentional foraminal enlargement on 
the success of  endodontic treatment must be investigated. 
There is biological plausibility associated with this clinical 
strategy. However, the methodological designs of  future 
studies must be made carefully, particularly with refer-
ence to the systemic conditions of  patients who will form 
part of  the sample universe. Those who make use, or who 
made recent use of  bisphosphonates and anticoagulant 
agents, with high risk for bacteremia, and those with blood 
disorders must promptly be excluded from the samples.

1. Cohen S. Challenges influencing the future of endodontics. 
New technologies for endodontic education. Aust Endod J. 
2001;27(3):116-8.

2. Holcomb JB, Dodds RN. Evaluation of new technologies in 
endodontics: Part III-Canal obturation. Va Dent J. 1988;65(4):21-5.

3. Dodds RN, Holcomb JB. Evaluation of new technologies 
in endodontics: Part II--Canal instrumentation. Va Dent J. 
1988;65(2):24-8.

4. England MC, Hartwell GR. Evaluation of new technologies in 
endodontics: Part I-The electronic apex locator. Va Dent J. 
1987;64(4):20-5.

5. Grande NM, Ahmed HM, Cohen S, Bukiet F, Plotino G. Current 
assessment of reciprocation in endodontic preparation: 
a comprehensive review-Part I: Historic perspectives and current 
applications. J Endod. 2015;41(11):1778-83.

6. Plotino G, Ahmed HM, Grande NM, Cohen S, Bukiet F. Current 
assessment of reciprocation in endodontic preparation: a 
comprehensive review-Part II: Properties and effectiveness. 
J Endod. 2015;41(12):1939-50.

7. Schilder H. Cleaning and shaping the root canal. Dent Clin North 
Am. 1974;18(2):269-96.

8. Paque F, Ganahl D, Peters OA. Effects of root canal preparation 
on apical geometry assessed by micro-computed tomography. 
J Endod. 2009;35(7):1056-9.

9. Noiri Y, Ehara A, Kawahara T, Takemura N, Ebisu S. Participation of 
bacterial biofilms in refractory and chronic periapical periodontitis. 
J Endod. 2002;28(10):679-83.

10. Chavez de Paz LE. Redefining the persistent infection in 
root canals: possible role of biofilm communities. J Endod. 
2007;33(6):652-62.

11. Ricucci D, Siqueira Jr JF. Biofilms and apical periodontitis: study 
of prevalence and association with clinical and histopathologic 
findings. J Endod. 2010;36(8):1277-88.

12. Su L, Gao Y, Yu C, Wang H, Yu Q. Surgical endodontic treatment 
of refractory periapical periodontitis with extraradicular biofilm. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2010;110(1):e40-4.

13. Ricucci D, Siqueira Jr JF, Lopes WS, Vieira AR, Rocas IN. 
Extraradicular infection as the cause of persistent symptoms: 
a case series. J Endod. 2015;41(2):265-73.

14. Vera J, Hernandez EM, Romero M, Arias A, Van der Sluis LW. 
Effect of maintaining apical patency on irrigant penetration into 
the apical two millimeters of large root canals: an in vivo study. 
J Endod. 2012;38(10):1340-3.

References

15. Vera J, Arias A, Romero M. Effect of maintaining apical patency 
on irrigant penetration into the apical third of root canals when 
using passive ultrasonic irrigation: an in vivo study. J Endod. 
2011;37(9):1276-8.

16. Cailleteau JG, Mullaney TP. Prevalence of teaching apical patency 
and various instrumentation and obturation techniques in United 
States dental schools. J Endod. 1997;23(6):394-6.

17. Buchanan LS. Management of the curved root canal. J Calif Dent 
Assoc. 1989;17(4):18-25, 27. 

18. Souza RA. The importance of apical patency and cleaning of 
the apical foramen on root canal preparation. Braz Dent J. 
2006;17(1):6-9.

19. Arias A, Azabal M, Hidalgo JJ, de la Macorra JC. Relationship 
between postendodontic pain, tooth diagnostic factors, and apical 
patency. J Endod. 2009;35(2):189-92.

20. Borlina SC, Souza V, Holland R, Murata SS, Gomes-Filho JE, 
Dezan Junior E, et al. Influence of apical foramen widening and 
sealer on the healing of chronic periapical lesions induced in 
dogs’ teeth. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2010;109(6):932-40.

21. Silva EJ, Menaged K, Ajuz N, Monteiro MR, Coutinho-Filho TS. 
Postoperative pain after foraminal enlargement in anterior teeth with 
necrosis and apical periodontitis: a prospective and randomized 
clinical trial. J Endod. 2013;39(2):173-6.

22. Parris J, Wilcox L, Walton R. Effectiveness of apical clearing: 
histological and radiographical evaluation. J Endod. 
1994;20(5):219-24.

23. Souza Filho FJ, Benatti O, Almeida OP. Influence of the enlargement 
of the apical foramen in periapical repair of contaminated teeth of 
dog. Oral Surg Oral Med Oral Pathol. 1987;64(4):480-4.

24. Card SJ, Sigurdsson A, Orstavik D, Trope M. The effectiveness 
of increased apical enlargement in reducing intracanal bacteria. 
J Endod. 2002;28(11):779-83.

25. Albrecht LJ, Baumgartner JC, Marshall JG. Evaluation of apical 
debris removal using various sizes and tapers of ProFile GT files. 
J Endod. 2004;30(6):425-8.

26. Lin LM, Rosenberg PA. Repair and regeneration in endodontics. 
Int Endod J. 2011;44(10):889-906.

27. Debelian GJ, Olsen I, Tronstad L. Bacteremia in conjunction with 
endodontic therapy. Endod Dent Traumatol. 1995;11(3):142-9.

28. Ferrari CH, Machado R, Aguiar L, Canato Martinho F. Intentional 
foraminal enlargement: a critical review. Endodontic Practice. 
2016;2016(February):14-21.



Foraminal enlargement: Local and systemic repercussions[ original article ]

Dental Press Endod. 2021 Jan-Apr;11(1):78-83© 2021 Dental Press Endodontics 82

29. Moinzadeh AT, Shemesh H, Neirynck NA, Aubert C, Wesselink PR. 
Bisphosphonates and their clinical implications in endodontic 
therapy. Int Endod J. 2013;46(5):391-8.

30. Johnson WT, Leary JM. Management of dental patients with 
bleeding disorders: review and update. Oral Surg Oral Med Oral 
Pathol. 1988;66(3):297-303.

31. Scully C, Wolff A. Oral surgery in patients on anticoagulant therapy. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2002;94(1):57-64.

32. Ehrhardt IC, Zuolo ML, Cunha RS, De Martin AS, Kherlakian D, 
Carvalho MC, et al. Assessment of the separation incidence of 
Mtwo files used with preflaring: prospective clinical study. J Endod. 
2012;38(8):1078-81.

33. Wu J, Lei G, Yan M, Yu Y, Yu J, Zhang G. Instrument separation 
analysis of multi-used ProTaper Universal rotary system during root 
canal therapy. J Endod. 2011;37(6):758-63.

34. Pineda F, Kuttler Y. Mesiodistal and buccolingual roentgenographic 
investigation of 7,275 root canals. Oral Surg Oral Med Oral Pathol. 
1972;33(1):101-10.

35. Kuttler Y. Microscopic investigation of root apexes. J Am Dent 
Assoc. 1955;50(5):544-52.

36. Abarca J, Zaror C, Monardes H, Hermosilla V, Muñoz C, Cantin M, 
et al. Morphology of the physiological apical foramen in maxillary 
and mandibular first molars. Int J Morphol. 2014;32(2):671-77.

37. Dummer PM, McGinn J, Rees DG. The position and topography 
of the apical canal constriction and apical foramen. Int Endod J. 
1984;17(4):192-8.

38. Ponce EH, Vilar Fernandez JA. The cemento-dentino-canal 
junction, the apical foramen, and the apical constriction: evaluation 
by optical microscopy. J Endod. 2003;29(3):214-9.

39. Arora S, Tewari S. The morphology of the apical foramen 
in posterior teeth in a North Indian population. Int Endod J. 
2009;42(10):930-9.

40. Bucchi C, Gimeno-Sandig A, Manzanares-Cespedes C. 
Enlargement of the apical foramen of mature teeth by 
instrumentation and apicoectomy. A study of effectiveness 
and the formation of dentinal cracks. Acta Odontol Scand. 
2017;75(7):488-95.

41. Souza RA, Sousa YT, Figueiredo JA, Dantas JC, Colombo 
S, Pecora JD. Influence of apical foramen lateral opening 
and file size on cemental canal instrumentation. Braz Dent J. 
2012;23(2):122-6.

42. Machado R, Ferrari CH, Back E, Comparin D, Tomazinho LF, 
Vansan LP. The impact of apical patency in the success of 
endodontic treatment of necrotic teeth with apical periodontitis: 
a brief review. Iran Endod J. 2016;11(1):63-6.

43. Villas-Bôas MH, Bernardineli N, Cavenago BC, Marciano M, 
del Carpio-Perochena A, Moraes IG, et al. Micro-computed 
tomography study of the internal anatomy of mesial root canals of 
mandibular molars. J Endod. 2011;37(12):1682-86.

44. Forough Reyhani M, Rezagholizadeh Y, Narimani MR, 
Rezagholizadeh L, Mazani M, Barhaghi MHS, et al. Antibacterial 
effect of different concentrations of sodium hypochlorite on 
Enterococcus faecalis biofilms in root canals. J Dent Res Dent Clin 
Dent Prospects. 2017;11(4):215-21.

45. Frough-Reyhani M, Ghasemi N, Soroush-Barhaghi M, Amini M, 
Gholizadeh Y. Antimicrobial efficacy of different concentration 
of sodium hypochlorite on the biofilm of Enterococcus 
faecalis at different stages of development. J Clin Exp Dent. 
2016;8(5):e480-e84.

46. Kini S, Shetty SV, Shetty KH, Kudva A, Kumar P. The efficiency of 
2.5% sodium hypochlorite in preventing inoculation of periapical 
tissues with contaminated patency files: An ex vivo evaluation. 
J Pharm Bioallied Sci. 2015;7(Suppl 2):S563-6.

47. Mentz TC. The use of sodium hypochlorite as a general 
endodontic medicament. Int Endod J. 1982;15(3):132-6.

48. Leclerc R. Sodium hypochlorite in endodontics. J Dent Que. 
1990;27:13-6.

49. Siqueira Jr. JF, Rocas IN, Favieri A, Lima KC. Chemomechanical 
reduction of the bacterial population in the root canal after 
instrumentation and irrigation with 1%, 2.5%, and 5.25% sodium 
hypochlorite. J Endod. 2000;26(6):331-4.

50. Willemsen WL. [How much sodium hypochlorite should be 
used in root canal treatment?]. Ned Tijdschr Tandheelkd. 
2000;107(12):528.

51. Estrela C, Estrela CR, Barbin EL, Spano JC, Marchesan MA, 
Pecora JD. Mechanism of action of sodium hypochlorite. Braz 
Dent J. 2002;13(2):113-7.

52. Clarkson RM, Podlich HM, Savage NW, Moule AJ. A survey of 
sodium hypochlorite use by general dental practitioners and 
endodontists in Australia. Aust Dent J. 2003;48(1):20-6.

53. Guivarc’h M, Ordioni U, Ahmed HM, Cohen S, Catherine JH, 
Bukiet F. Sodium hypochlorite accident: a systematic review. 
J Endod. 2017;43(1):16-24.

54. Baser Can ED, Karapinar Kazandag M, Kaptan RF. Inadvertent 
apical extrusion of sodium hypochlorite with evaluation by dental 
volumetric tomography. Case Rep Dent. 2015;2015:247547.

55. Bosch-Aranda ML, Canalda-Sahli C, Figueiredo R, Gay-
Escoda C. Complications following an accidental sodium 
hypochlorite extrusion: a report of two cases. J Clin Exp Dent. 
2012;4(3):e194-8.

56. Sermeno RF, Silva LA, Herrera H, Herrera H, Silva RA, 
Leonardo MR. Tissue damage after sodium hypochlorite extrusion 
during root canal treatment. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2009;108(1):e46-9.

57. Joffe E. Complication during root canal therapy following 
accidental extrusion of sodium hypochlorite through the apical 
foramen. Gen Dent. 1991;39(6):460-1.

58. Kandian S, Chander S, Bishop K. Management of sodium 
hypochlorite extrusion beyond the root apex during root canal 
treatment: a case report. Prim Dent J. 2014;3(1):72-5.

59. Hulsmann M, Hahn W. Complications during root canal irrigation--
literature review and case reports. Int Endod J. 2000;33(3):186-93.

60. Fava LR. Calcium hydroxide paste in the maxillary sinus: a case 
report. Int Endod J. 1993;26(5):306-10.

61. Marais JT, Van der Vyver PJ. Invasion of the maxillary sinus with 
calcium hydroxide. J Dent Assoc S Afr. 1996;51(5):279-81.

62. Ahlgren FK, Johannessen AC, Hellem S. Displaced calcium 
hydroxide paste causing inferior alveolar nerve paraesthesia: report 
of a case. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2003;96(6):734-7.

63. Olsen JJ, Thorn JJ, Korsgaard N, Pinholt EM. Nerve 
lesions following apical extrusion of non-setting calcium 
hydroxide: a systematic case review and report of two cases. 
J Craniomaxillofac Surg. 2014;42(6):757-62.

64. Hanson C, Macluskey M. Irreversible local sequelae of inadvertent 
extrusion of calcium hydroxide intra-canal medication: a case 
report. Oral Surg. 2013(6):161-4.

65. Ioannidis K, Thomaidis V, Fiska A, Lambrianidis T. Lack of 
periradicular healing and gradually increasing swelling two years 
after intentional extrusion of calcium hydroxide into periapical 
lesion: report of a case. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2010;109(6):e86-91.

66. Rowe AH. Damage to the inferior dental nerve during or following 
endodontic treatment. Br Dent J. 1983;155(9):306-7.

67. Georgopoulou M, Sikaras S, Anastasiadis P. [Pain after obturation 
of the root canals]. Hell Stomatol Chron. 1988;32(4):249-54.

68. Gluskin A. Mishaps and serious complications in endodontic 
obturation. Endod Topics. 2005;(12):52-70.

69. Nair PN. Pathogenesis of apical periodontitis and the causes of 
endodontic failures. Crit Rev Oral Biol Med. 2004;15(6):348-81.

70. Seltzer S, Naidorf IJ. Flare-ups in endodontics: I. Etiological 
factors. J Endod. 1985;11(11):472-8.

71. Siqueira Jr. JF. Microbial causes of endodontic flare-ups. Int 
Endod J. 2003;36(7):453-63.



Dental Press Endod. 2021 Jan-Apr;11(1):78-83© 2021 Dental Press Endodontics 83

Machado R, Comparin D, Aguiar L, Ferrari CH, Garcia LFR

72. Sjogren U, Hagglund B, Sundqvist G, Wing K. Factors affecting 
the long-term results of endodontic treatment. J Endod. 
1990;16(10):498-504.

73. Yusuf H. The significance of the presence of foreign material 
periapically as a cause of failure of root treatment. Oral Surg Oral 
Med Oral Pathol. 1982;54(5):566-74.

74. Harrison JW. Irrigation of the root canal system. Dent Clin 
North Am. 1984;28(4):797-808.

75. Badarne O, Koudstaal MJ, Van Elswijk JF, Wolvius EB. 
Odontogenic maxillary sinusitis based on overextension 
of root canal filling material. Ned Tijdschr Tandheelkd. 
2012;119(10):480-3.

76. Sari S, Duruturk L. Radiographic evaluation of periapical healing 
of permanent teeth with periapical lesions after extrusion of AH 
Plus sealer. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2007;104(3):e54-9.

77. Hülsmann M, Hahn W. Complications during root canal irrigation-
literature review and case reports. Int Endod J. 2000;33(3):186-93.

78. Moinzadeh AT, Shemesh H, Neirynck N, Aubert C, Wesselink P. 
Bisphosphonates and their clinical implications in endodontic 
therapy. Int Endod J. 2013;46(5):391-98.

79. Sarathy AP, Bourgeois Jr SL, Goodell GG. Bisphosphonate-
associated osteonecrosis of the jaws and endodontic treatment: 
two case reports. J Endod. 2005;31(10):759-63.

80. Katz H. Endodontic implications of bisphosphonate-associated 
osteonecrosis of the jaws: a report of three cases. J Endod. 
2005;31(11):831-4.

81. Edwards BJ, Hellstein JW, Jacobsen PL, Kaltman S, Mariotti A, 
Migliorati CA, et al. Updated recommendations for managing the 
care of patients receiving oral bisphosphonate therapy. J Am Dent 
Assoc. 2008;139(12):1674-7.

82. Yusof ZA. Chlorhexidine mouthwash: a review of its 
pharmacological activity, clinical effects, uses and abuses. Dent J 
Malays. 1988;10(1):9-16.

83. Kyrgidis A, Vahtsevanos K. Risk factors for bisphosphonate-
related osteonecrosis of the jaws. J Oral Maxillofac Surg. 
2009;67(11):2553-4.

84. Tarassoff P, Csermak K. Avascular necrosis of the jaws: risk 
factors in metastatic cancer patients. J Oral Maxillofac Surg. 
2003;61(10):1238-9.

85. Katz H. Endodontic implications of bisphosphonate-associated 
osteonecrosis of the jaws: a report of three cases. J Endod. 
2005;31(11):831-4.

86. Edwards BJ, Hellstein JW, Jacobsen PL, Kaltman S, Mariotti A, 
Migliorati CA, et al. Updated recommendations for managing the 
care of patients receiving oral bisphosphonate therapy: an advisory 
statement from the American Dental Association Council on 
Scientific Affairs. J Am Dent Assoc. 2008;139(12):1674-7.

87. DeLoughery TG. Hemostasis and thrombosis. Austin: Landes 
Bioscience; 1999.

88. Fisher M, Alderman EM, Kreipe RE, Rosenfeld WD. American 
Academy of Pediatrics textbook of adolescent health care. Elk 
Grove Village: American Academy of Pediatrics; 2011.

89. Harmening D. Clinical hematology and fundamentals of 
hemostasis. 3rd ed. Philadelphia: F.A. Davis Co.; 1997.

90. Brubaker DB, Simpson MB. Dynamics of hemostasis and 
thrombosis. Bethesda: American Association of Blood Banks; 1995.

91. Shapiro AD, McKown CG. Oral management of patients with 
bleeding disorders. Part 1: Medical considerations. J Indiana Dent 
Assoc. 1991;70(1):28-31.

92. Gupta A, Epstein JB, Cabay RJ. Bleeding disorders of importance 
in dental care and related patient management. J Can Dent Assoc. 
2007;73(1):77-83.

93. Chohayeb A. Endodontic therapy in the hemophiliac patient. NY 
State Dent J. 1981;47(6):326-7.

94. Debelian GJ, Olsen I, Tronstad L. Systemic diseases caused by 
oral microorganisms. Endod Dent Traumatol. 1994;10(2):57-65.

95. Hülsmann M, Schäfer E. Apical patency: fact and fiction-a 
myth or a must? A contribution to the discussion. Endo. 
2009;3(4):285-307.

96. Murray C, Saunders W. Root canal treatment and general health: 
a review of the literature. Int Endod J. 2000;33(1):1-18.

97. Scully C, Ng YL, Gulabivala K. Systemic complications due to 
endodontic manipulations. Endod Topics. 2003;4(1):60-68.

98. McGowan D. Endodontics and infective endocarditis. Int Endod J. 
1982;15(3):127-31.

99. Baumgartner JC, Heggers JP, Harrison JW. The incidence of 
bacteremias related to endodontic procedures I. Nonsurgical 
endodontics. J Endod. 1976;2(5):135-40.

100. Bender I, Montgomery S. Nonsurgical endodontic procedures for 
the patient at risk for infective endocarditis and other systemic 
disorders. J Endod. 1986;12(9):400-7.

101. Seymour R, Lowry R, Whitworth J, Martin M. Infective 
endocarditis, dentistry and antibiotic prophylaxis; time for a 
rethink? Br Dent J. 2000;189(11):610-6.

102. Bender I, Seltzer S, Yermish M. The incidence of bacteremia 
in endodontic manipulation: preliminary report. Oral Surg Oral 
Medicine Oral Pathol. 1960;13(3):353-60.

103. Fouad AF. Endodontic microbiology. Hoboken: John Wiley & Sons; 
2009.

104. Debelian G, Olsen I, Tronstad L. Bacteremia in conjunction with 
endodontic therapy. Endod Dent Traumatol. 1995;11(3):142-49.

105. Debelian GJ, Olsen I, Tronstad L. Electrophoresis of whole-cell 
soluble proteins of microorganisms isolated from bacteremias in 
endodontic therapy. Eur J Oral Sci. 1996;104(5-6):540-6.

106. Savarrio L, Mackenzie D, Riggio M, Saunders W, Bagg J. 
Detection of bacteraemias during non-surgicalroot canal 
treatment. J Dent. 2005;33(4):293-303.

107. Heimdahl A, Hall G, Hedberg M, Sandberg H, Söder P, Tuner K, 
et al. Detection and quantitation by lysis-filtration of bacteremia 
after different oral surgical procedures. J Clin Microbiol. 
1990;28(10):2205-9.

108. Tinaz AC, Alacam T, Uzun O, Maden M, Kayaoglu G. The effect of 
disruption of apical constriction on periapical extrusion. J Endod. 
2005;31(7):533-5.

109. Imura N, Pinheiro ET, Gomes BP, Zaia AA, Ferraz CC, Souza-
Filho FJ. The outcome of endodontic treatment: a retrospective 
study of 2000 cases performed by a specialist. J Endod. 
2007;33(11):1278-82.

110. Ricucci D, Russo J, Rutberg M, Burleson JA, Spangberg LS. 
A prospective cohort study of endodontic treatments of 1,369 root 
canals: results after 5 years. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2011;112(6):825-42.

111. Liang YH, Jiang LM, Jiang L, Chen XB, Liu YY, Tian FC, et al. 
Radiographic healing after a root canal treatment performed in single-
rooted teeth with and without ultrasonic activation of the irrigant: a 
randomized controlled trial. J Endod. 2013;39(10):1218-25.


