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Abstract
Introduction: Procedural accidents have a negative
effect on healing and might contribute to the persistence
of infections in inaccessible apical areas, requiring
surgical intervention. This report describes a case of
persistent apical periodontitis of a lower left first molar
associated with the sinus tract and a periapical lesion
that required nonsurgical endodontic retreatment and
apical surgery for resolution. Methods: The tooth had
received endodontic treatment 3 years ago and had to
be retreated using the crown-down technique with
chemical auxiliary substance (2% chlorhexidine gel),
foramen patency, and enlargement and was filled in
a single appointment. The occlusal access cavity was
immediately restored with composite resin. After 1
month, it could be observed that the sinus tract persisted and, radiographically, the lesion remained unaltered. Therefore, endodontic microsurgery was
indicated. Apical microsurgery was performed under
magnification with the use of a dental operating microscope including apicectomy, root end with ultrasound,
and sealing with mineral trioxide aggregate. A microbiological sample was collected from the apical lesion. The
resected distal root apex was observed by scanning electron microscopy. Results: The following species were
detected: Actinomyces naeslundii and Actinomyces meyeri, Propionibacterium propionicum, Clostridium botullinum, Parvimonas
micra, and Bacteroides ureolyticus; scanning electron microscopic analysis revealed bacterial biofilm
surrounding the apical foramen and external radicular
surface. Gutta-percha overfilling at the apex because
of a zip caused during initial endodontic treatment could
be observed. A 6-month follow-up showed apparent

radiographic periapical healing, which progressed after 24 months. Conclusion:
Gram-positive anaerobic bacteria and extraradicular biofilm seem to participate in
the maintenance of persistent periapical pathology, and endodontic retreatment followed by periapical microsurgery proved to be a successful alternative in the resolution
of persistent extraradicular infections. (J Endod 2011;37:1696–1700)
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T

he failure of nonsurgical root canal treatment is commonly related to the presence
of residual bacteria (persistent infection) or the reinfection of a previously disinfected root canal environment (secondary infection) (1). Unsuccessful outcomes can
be attributed to persistent intraradicular infections found in previously uninstrumented canals, dentinal tubules, or the complex irregularities of the root canal
system (2–4). The extraradicular causes of endodontic failures include periapical
actinomycosis (5), a foreign-body reaction caused by extruded endodontic materials
(6), the accumulation of endogenous cholesterol crystals in the apical tissues (7),
and an unresolved cystic lesion (8). Formerly treated teeth with persistent periapical
lesions might be preserved with nonsurgical retreatment, assuming the tooth is
restorable and periodontally sound. Previous procedural accidents have a negative
effect on healing (9). Besides, they might contribute to the establishment of infections
at inaccessible apical areas, requiring a surgical intervention (10).
Periradicular surgery is indicated in cases of unsuccessful outcomes after primary
root canal therapy followed by nonsurgical retreatment. The goal of periradicular
surgery is the removal of diseased periapical tissues and the sealing of the apical
root canal system to facilitate the regeneration of hard and soft tissues, including the
formation of new attachment cells (11).
This clinical article reports a case of persistent apical periodontitis on the lower
left first molar associated with a sinus tract, which was treated with nonsurgical
endodontic retreatment and surgical procedures. This case report shows the limitations
imposed by inadequate clinical procedures such as transportation and ledging of the
main canals to achieve an adequate disinfection during first root canal treatment.
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Case Report
A 38-year-old female patient was referred to the Endodontic
Department of the University of Campinas complaining about a persistent sinus tract on the buccal alveolar mucosa associated with the distal
apex of the lower left first molar. The patient did not report the presence of spontaneous pain. Periapical pathology could be observed in
the preoperative radiograph. The dental history indicated that the
lower left first molar had previously received root canal treatment 3
years ago. The patient’s medical history was noncontributory. There
was no history of drug allergies. Radiographic examination showed
an apparent radiolucency around the distal apex and widening of
the periodontal ligament at the apex of the mesial root (Fig. 1A).
The quality of the root canal filling was inadequate because, radiographically, the limit of the filling was below the standard required
with a possible deviation in the apical third of the mesial and distal
canals. Clinical examination showed a negative response to percussion
and palpation tests. Periodontal examination revealed probing depths
of 3 mm or less without mobility. The tooth had been restored with
amalgam. Based on the history, clinical tests, and radiographs, a diagnosis of a root-filled tooth with persistent periapical periodontitis was
established.
The patient was informed that conventional root canal retreatment
and follow-up was the initial approach to reach infection control and
apical healing. However, the persistence of the sinus tract and clinical
symptoms would lead to apical endodontic surgery as a complementary
approach to the resolution of the pathology. The patient consented to
the treatment plan.

Nonsurgical Endodontic Retreatment
After local anesthesia (2% lidocaine with 1:100.000 epinephrine),
a rubber dam was placed, and the tooth and surrounding field were disinfected with 30% hydrogen peroxide followed by a 2.5% sodium hypochlorite solution for 30 seconds each. The coronal restoration and root
canal filling materials were removed. Close inspection under high
magnification with the dental operating microscope (D F Vasconcellos
S/A, S~ao Paulo, Brazil) showed an untreated distolingual canal. The root
canal filling material was removed with Gates-Glidden drills in the
coronal two thirds and K-files in the apical third. A further root canal
retreatment was performed using the crown-down technique with 2%
chlorhexidine gel as an auxiliary chemical substance followed by irrigation with a sterile physiological solution, patency, and foramen enlargement for appropriate cleaning of this area (ie, mesiobuccal,
mesiolingual, and distolingual). Apical patency could not be accomplished in the distobuccal canal because of ledging. The working length
was established with an apex locator (Novapex; Forum Technologies,
Rishon le-Zion, Israel). The first file that bound at the working length
was #25 K-file (mesiobuccal), #25 K-file (mesiolingual), #30 K-file
(distobuccal), and #30 K-file (distolingual). Three additional manual
K-files (Dentsply Maillefer, Ballaigues, Switzerland) were used after
the first instrument that fitted the working length. Therefore, the final
file used for apical preparation at the working length was #40 K-file
(mesiobuccal), #40 K-file (mesiolingual), #45 K-file (distobuccal),
and #45 K-file (distolingual). A solution of 17% EDTA was used for 3
minutes to remove the smear layer. The canals were dried with sterile
paper points and then filled with gutta-percha and Endomethasone
sealer (Septodont, Saint-Maur-des-Fosses, France) using a warm
vertical combined with a lateral condensation technique. After
endodontic retreatment, the tooth was restored with composite resin
(Filtek Z250; 3M ESPE, St Paul, MN), which was clinically adequate.
Figure 1B shows a postoperative radiograph after nonsurgical retreatment. After 1 month, it could be observed that the sinus tract persisted
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and the patient reported the persistence of discomfort upon vertical
percussion. The endodontic microsurgery was indicated.

Periradicular Microsurgery and Sampling Procedures
Immediately before surgery, the gingival and mucosa were washed
with 0.2% chlorhexidine gluconate for disinfection followed by a local
rinse with 5% Tween 80 and 0.07% soy lecithin (to reduce the carryover
effect of chlorhexidine). After local anesthesia with 2% lidocaine with
1:100,000 epinephrine for the left mandibular nerve block and buccal
infiltration, a mucoperiosteal flap was made. Periapical pathology was
noted at the apex of the distal root with cortical bone fenestration. The
periapical tissues were removed with a sterile curette, and a microbial
sample was obtained by rubbing sterile paper points against the root
apex, which was held in place for 60 seconds inside the surgical cavity.
The paper points were pooled in a sterile tube containing 1 mL of VMGA
III (12) transport medium for microbial cultivation. The sterility of the
operative field was checked by collecting a periosteal tissue sample
from an area adjacent to the surgical site using curettes and paper
points to test for bacterial contamination.
The granulation tissue was excised, and osteotomy was performed.
Three millimeters of the distal root apex was resected orthogonally to
their longitudinal axis (Fig. 1C) using a tungsten-carbide straight fissure
drill (Maillefer Zekrya; Dentsply-Maillefer Instruments, Ballaigues,
Switzerland) under constant 0.9% sodium chloride solution irrigation
with the aid of a surgical operating microscope and micromirror. The
root tip was then removed with sterile tweezers, rinsed in sterile saline,
and placed in 0.2% trypsin solution for 24 hours for later scanning electron microscopic (SEM) analysis.
The resected root surfaces were examined at high magnification
(12). The root-end cavity was prepared with microsurgical ultrasonic
tips (Pro Ultra Surgical Tips; Dentsply, Tulsa, OK) and subsequently
filled with mineral trioxide aggregate (MTA) (ProRoot; Dentsply).
Flap closure was obtained with 5-0 nylon sutures. Postoperative radiographs were taken. The patient received postoperative instructions.
Additional antibiotics and analgesics were provided to the patient
(amoxicillin 500 mg, 3 times a day for 5 days, and ibuprofen 600 mg
for pain, 2 times a day as needed). The patient returned 1 week later
for suture removal and reported slight postoperative pain. Healing of
the surgery was uneventful. The patient was examined clinically and
radiographically at the 6- and 24-month recall visits. The tooth was
asymptomatic. Periapical healing around the apical root area could
be observed in the follow-up radiographies (Fig. 1D).
Microbiological Identiﬁcation
The isolation and identification of the microorganisms were performed by the use of culture techniques for phenotypic characterization
as described previously (13). In summary, inside an anaerobic
chamber, the samples were vortexed for 60 seconds and diluted in
fastidious anaerobe broth (Lab M, Bury, UK) by 10-fold serial dilution
to 10 4. A volume of 50 mL of each dilution was spread onto 5% defibrinated sheep blood (Fastidious Anaerobe Agar [FAA], Lab M) containing 5 mg/mL of hemin (final concentration of 5 mg/mL) and 1
mg/mL) of vitamin K1 (final concentration of 1 mg/mL). Selective
culture media were also used as follows: 5% sheep blood FAA + NAL
(0.001% w/v nalidixic acid) + vancomycin (0.5 mg/L) to select
gram-negative anaerobic bacteria, 5% sheep blood FAA + kanamycin
+ vancomycin to select ‘‘black-pigmented bacteria,’’ 5% sheep blood
FAA + neomycin (0.0075% w/v neomycin) for clostridia and other
anaerobes, and 5% sheep blood FAA + nalidixic acid (0.001% w/v
nalidixic acid) for gram-positive anaerobes and Actinomyces involved.
The plates were incubated at 37 C in an anaerobic atmosphere for up to
Persistent Extraradicular Infection

1697

Case Report/Clinical Techniques

Figure 1. (A) A preoperative periapical radiograph showing tooth #36 with an apparent radiolucency around the distal apex and widening of the periodontal
ligament at the apex of the mesial root. (B) A postoperative radiograph after nonsurgical retreatment. (C) An immediate postoperative radiograph showing
the resected distal root. (D) The 24-month radiograph follow-up showing apical healing.

14 days. The same dilutions were plated in 5% sheep blood brain-heart
infusion agar (Oxoid, Basingstoke, UK) and incubated aerobically at
37 C. All aerobic cultures were examined after 24 to 48 hours, whereas
anaerobic cultures were kept for at least 2 weeks but examined for
growth every 3 days. Preliminary characterization of microbial species
was based on their growth in the anaerobic chamber; in the aerobic
incubator; and also in 5% CO2 incubator (IG 150 CO2 incubator; Jouan
SA, Saint-Herblain, France), colonial pigmentation and morphology,
Gram stain, and catalase production. Biochemical tests were used for
the speciation of individual isolates as follows: Rapid ID 32 A (BioMerieux SA, Marcy-l’Etoile, France) for strict anaerobic rods; API Staph
(BioMerieux SA) for staphylococci and micrococci; Rapid ID 32 Strep
(BioMerieux SA) for streptococci; and Rapid ID NH System (Innovative
Diagnostic Systems Inc, Atlanta, GA) for Eikenella, Haemophilus, Neisseria, and Actinobacillus; and API C Aux (BioMerieux SA) for yeasts.
Miniapi software (BioMerieux SA) was used to read ID 32 tests automatically and visually read API range tests (BioMerieux).

SEM Procedure
The root fragment removed during perirradicular surgery was
immediately immersed in 0.2% trypsin solution for periodontal fiber
dissolution over a period of 24 hours. The apex was fixed in Karnovsky
solution (2.5 glutaraldehyde, 4.0% paraformaldehyde, and 0.1 mol/L
sodium cacodylate; pH = 7.02-7.4) for 1 week. The specimen was
then dehydrated in an ethanol series, dehydrated in a critical point
device (Denton Vacuum DCP-1; Denton Vacuum, Moorestown, NJ),
and gold sputter coated (Denton Vacuum Desk II; Denton Vacuum).
The surface of the root tip was then studied under a scanning electron
microscope operated at 15 kV (Jeol JSM–5600 LV, Akishima, Tokyo,
Japan). Magnifications were performed to analyze the root apex with
gutta-percha extruded from the initial treatment (25) (Fig. 2),
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external radicular surface (100 and 400), uninstrumented apical
foramen (200) (Fig. 3A), and colonies adhering to irregularities
(1,500 and 3,300) (Fig. 3B and C).

Results
In the present clinical case, the association of nonsurgical and
surgical procedures resulted in tooth survival in a 2-year follow-up.
The preoperative periapical radiograph shows the lower left first molar
with an apparent radiolucency around the distal apex and a widening of
the periodontal ligament at the apex of the mesial root (Fig. 1A). A postoperative radiograph after nonsurgical retreatment and an immediate
postoperative radiograph showing the resected distal root can be
seen in Figures 1B and C. After 24 months, the follow-up radiograph
showed apical healing.
The resected distal root apex of the failed endodontically retreated
lower left first molar was observed by scanning electron microscopy,
which revealed bacterial biofilm surrounding the apical foramen and
external radicular surface. The SEM image shows both gutta-percha overfilling extruding through a zip caused during endodontic initial treatment
as well as the location of the original foramen. Extruded gutta-percha
observed in the root apex was not removed after endodontic retreatment
(Fig. 2).
This clinical report identified the microorganisms that should be associated with the persistence of the infection. The sample from the resected
root apex surface and periapical lesion contained Actinomyces naeslundii, Actinomyces meyeri, Propionibacterium propionicum, Clostridium botullinum, Parvimonas micra, and Bacteroides ureolyticus.

Discussion
The management of post-treatment apical pathology includes
nonsurgical retreatment, apical surgery, or extraction and immediate
JOE — Volume 37, Number 12, December 2011
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Figure 2. A scanning electron micrograph of extruded gutta-percha observed
in the root apex was not removed after endodontic retreatment (magnification
25). (A) The filling material after nonsurgical root canal retreatment.
(B) Previous root canal filling material that extruded through apical ledging
during deobturation.

implant placement. Nonsurgical retreatment of persistent apical periodontitis is the first choice for treatment because it is less invasive
(14, 15). In the present clinical case, nonsurgical retreatment was
indicated because of the radiographic appearance of insufficient root
canal therapy. Furthermore, there was radiographic evidence of
a periapical lesion with the presence of defective root filling, the
presence of sinus tract, and coronal microleakage. Resorption
lacunae at the root apex surface could be observed in the SEM image,
which could have been formed in response to the bacterial byproducts.
Clinicians are often misled by the belief that procedural errors,
such as broken instruments, perforations, overfilling, underfilling,
ledges, and root canal therapies with iatrogenically altered root canal
morphology, can be the direct cause of endodontic failure (14).
However, all cases with remaining viable bacteria in the root canal
system are at constant risk of periradicular inflammation persistence.
Culture and microscopic studies have reported the occurrence of extraradicular infections in both treated and untreated root canals (5).

Actinomyces species have previously been found in association
with unhealed periapical lesions (3). They have been reported to occur
in persistent and secondary intraradicular infections, and they may be
a cause of extraradicular infection, especially in clinical situations associated with periapical actinomycosis.
Microorganisms in biofilm structures show higher resistance to
antimicrobial agents and host defense mechanism than planktonic cells
(16). Apical periodontitis has been referred to as an intraradicular
biofilm-induced chronic disease (17). P. propionicum has been isolated from 2%-8% of the root canal treated teeth (18), although a molecular study identified P. propionicum in more than one half of the
samples (19). Actinomyces species and P. propionicum have been
reported to be involved in extraradicular infections because they
possess the ability to survive in the apical tissues (20).
Further knowledge of the local and systemic biological consequences of residual post-treatment root infection and post-treatment
apical periodontitis must be acquired (10). Recently, long-standing
inflammation has been related to the risk of cardiovascular diseases.
In a study in which plasma C-reactive protein (CRP), a marker for
systemic inflammation, was measured in 1,068 male adults, half of
the cases developed coronary heart disease (CHD) over the course of
a 14-year study. It was found that those with very low levels of CRP,
<0.5 mg/L, rarely contracted CHD; however, when CRP was higher
than 1.0 mg/L, the risk of CHD was increased (21). Further studies
are required to determine if long-standing apical periodontitis of
endodontic origin also elevates systemic levels of CRP in humans (22).
The clinical success of an endodontic retreatment seems to be
related to the management of the alterations in the natural course of
the root canals caused by previous root canal treatment (9). Among
the strategies to clean the most apical portion of the main canal are
to prepare the root canals of the apical foramen (23) and to use
a patency file and foramen enlargement associated with a biocompatible
auxiliary chemical substance (2% chlorhexidine gel). This clinical case
was accomplished in a single appointment. Other studies have used intracanal medication (24). However, Ricucci and Siqueira (24) reported a persistence of bacteria in the apical root canal and within
dentinal tubules even after a 75-day period of intracanal calcium
hydroxide placement, which could have led to failure of endodontic
the treatment.
Observation of a large patient population during a 5-year period
revealed a high survival rate of teeth after endodontic retreatment performed by endodontists regardless of the etiology, specific treatment

Figure 3. (A) Uninstrumented apical foramen (200). (B and C) Bacterial colonies adhering to external radicular surface (1,500 and 3,300).
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technique, tooth group, or special patient characteristics. Of the teeth
extracted after retreatment, molars proved to be the predominant
group (12.2%) (15), which might be explained by an increase in
the level of complexity of retreatment procedures associated with
posterior teeth.
The introduction of microsurgical techniques in endodontics
considerably improved the success rate of the treatment (25). In the
present clinical case, the association of nonsurgical and surgical procedures resulted in tooth survival in a 2-year follow-up. Nonsurgical
retreatment before or in conjunction with endodontic surgery has
shown 1% to 25% higher success rates than endodontic surgery without
prior nonsurgical retreatment (26).
During surgery, the apical canals, exposed isthmuses, and accessory canals (27) must be carefully located with the aid of a dental operating microscope and micromirror (28) and then irrigated
ultrasonically to remove bacteria, debris, and smear layer (29) before
filling. A root tip must be resected perpendicular to the long axis of the
root to reduce the number of exposed dentinal tubules (30). Three
millimeters of the apical root tissues was resected to eliminate the
majority of apical ramifications and lateral canals (30).The use of
magnification during endodontic procedures enhances the view of
the operating field; provides better control of instruments and placement of dental materials; and allows for an improved detection and
management of obstructions, anatomic variations, or fractures (31).
Studies that have used the operating microscope have shown high rates
of success for endodontic surgeries (32) and nonsurgical retreatment
(33). MTA has been recommended for root-end filling in apical surgery
regardless of the type of treated tooth (34).
Many practitioners consider the single-tooth implant as a reasonable alternative for the preservation of the natural dentition. However, if
a tooth is deemed restorable from a restorative and periodontal aspect,
endodontic therapy should be the first treatment option considered, as
observed in this present case. It is important to highlight that the 2 treatment alternatives have different aims; endodontic treatment is provided
to treat or prevent apical periodontitis, whereas implants are used to
replace missing teeth (35).
In conclusion, gram-positive anaerobic bacteria and extraradicular biofilm seem to participate in the maintenance of persistent periapical pathology, and endodontic retreatment followed by periapical
microsurgery proved to be a successful alternative in the resolution
of persistent extraradicular infections.

Acknowledgments
The authors deny any conflicts of interest related to this study.

References
1. Siqueira JF Jr. Reaction of periradicular tissues to root canal treatment: benefits and
drawbacks. Endod Topics 2005;10:123–47.
2. Stropko JJ. Canal morphology of maxillary molars: clinical observations of canal
configurations. J Endod 1999;25:446–50.
3. Nair PN. On the causes of persistent apical periodontitis: a review. Int Endod J 2006;
39:249–81.
4. Ricucci D, Siqueira JF Jr. Anatomic and microbiologic challenges to achieving
success with endodontic treatment: a case report. J Endod 2008;34:1249–54.
5. Tronstad L, Barnett F, Cervone F. Periapical bacterial plaque in teeth refractory to
endodontic treatment. Endod Dent Traumatol 1990;6:73–7.
6. Nair PN, Sj€ogren U, Krey G, Sundqvist G. Therapy-resistant foreign body giant cell
granuloma at the periapex of a root-filled human tooth. J Endod 1990;16:
589–95.

1700

Signoretti et al.

7. Nair PN. Cholesterol as an aetiological agent in endodontic failures: a review. Aust
Endod J 1999;25:19–26.
8. Nair PN, Pajarola G, Schroeder HE. Types and incidence of human periapical lesions
obtained with extracted teeth. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1996;81:93–102.
9. Gorni FG, Gagliani MM. The outcome of endodontic retreatment: a 2-yr follow-up.
J Endod 2004;30:1–4.
10. Wu MK, Dummer PM, Wesselink PR. Consequences of and strategies to deal with
residual post-treatment root canal infection. Int Endod J 2006;39:343–56.
11. von Arx T, Gerber C, Hardt N. Periradicular surgery of molars: a prospective clinical
study with a one-year follow-up. Int Endod J 2001;34:520–5.
12. M€oller AJ. Microbiological examination of root canals and periapical tissues of
human teeth. Methodological studies. Odontol Tidskr 1966;74:1–380.
13. Jacinto RC, Montagner F, Signoretti FG, Almeida GC, Gomes BP. Frequency, microbial interactions, and antimicrobial susceptibility of Fusobacterium nucleatum and
Fusobacterium necrophorum isolated from primary endodontic infections. J Endod
2008;34:1451–6.
14. Siqueira JF Jr. Aetiology of root canal treatment failure: why well-treated teeth can
fail. Int Endod J 2001;34:1–10.
15. Salehrabi R, Rotstein I. Epidemiologic evaluation of the outcomes of orthograde
endodontic retreatment. J Endod 2010;36:790–2.
16. Costerton JW, Lewandowski Z, Debeer D, Caldwell D, Korber D, James G. Biofilms:
the customized microniche. J Bacteriol 1994;176:2137–42.
17. Nair PN, Henry S, Cano V, Vera J. Microbial status of apical root canal system of
human mandibular first molars with primary apical periodontitis after ‘‘one-visit’’
endodontic treatment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005;
99:231–52.
18. Sundqvist G, Figdor D, Persson S, Sj€ogren U. Microbiologic analysis of teeth with
failed endodontic treatment and the outcome of conservative re-treatment. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 1998;85:86–93.
19. Siqueira JF Jr, R^oças IN. Polymerase chain reaction detection of Propionibacterium
propionicus and Actinomyces radicidentis in primary and persistent endodontic
infections. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2003;96:215–22.
20. Sunde PT, Olsen I, Debelian GJ, Tronstad L. Microbiota of periapical lesions refractory to endodontic therapy. J Endod 2002;28:304–10.
21. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation,
aspirin, and the risk of cardiovascular disease in apparently healthy men. N Engl
J Med 1997;336:973–9.
22. Marton IJ, Kiss C. Influence of surgical treatment of periapical lesions on serum and
blood levels of inflammatory mediators. Int Endod J 1992;25:229–33.
23. Buchanan LS. The standardized-taper root canal preparation—part 1. Concepts for
variably tapered shaping instruments. Int Endod J 2000;33:516–29.
24. Ricucci D, Siqueira JF Jr. Apical actinomycosis as a continuum of intraradicular and
extraradicular infection: case report and critical review on its involvement with treatment failure. J Endod 2008;34:1124–9.
25. Karabucak B, Setzer FC. Conventional and surgical retreatment of complex periradicular lesions with periodontal involvement. J Endod 2009;35:1310–5.
26. Wang N, Knight K, Dao T, Friedman S. Treatment outcome in endodontics: the
Toronto Study—phases I and II: apical surgery. J Endod 2004;30:751–61.
27. von Arx T. Frequency and type of canal isthmuses in first molars detected by endoscopic inspection during periradicular surgery. Int Endod J 2005;38:160–8.
28. Rubinstein RA, Kim S. Short-term observation of the results of endodontic surgery
with the use of a surgical operation microscope and super-EBA as root-end filling
material. J Endod 1999;25:43–8.
29. Lee SJ, Wu MK, Wesselink PR. The effectiveness of syringe irrigation and ultrasonics
to remove debris from simulated irregularities within prepared root canal walls. Int
Endod J 2004;37:672–8.
30. Kim S, Kratchman S. Modern endodontic surgery concepts and practice: a review.
J Endod 2006;32:601–23.
31. Carr GB. Microscopes in endodontics. J Calif Dent Assoc 1992;20:55–61.
32. Taschieri S, Del Fabbro M, Testori T, Francetti L, Weinstein R. Endodontic surgery
using 2 different magnification devices: preliminary results of a randomized
controlled study. J Oral Maxillofac Surg 2006;64:235–42.
33. de Chevigny C, Dao TT, Basrani BR, et al. Treatment outcome in endodontics: the
Toronto study—phases 3 and 4: orthograde retreatment. J Endod 2008;34:131–7.
34. von Arx T, H€anni S, Jensen SS. Clinical results with two different methods of root-end
preparation and filling in apical surgery: mineral trioxide aggregate and adhesive
resin composite. J Endod 2010;36:1122–9.
35. Morris MF, Kirkpatrick TC, Rutledge RE, Schindler WG. Comparison of nonsurgical
root canal treatment and single-tooth implants. J Endod 2009;35:1325–30.

JOE — Volume 37, Number 12, December 2011

