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ABSTRACT 

 

The persistent periapical infection is a squeal of presence of bacteria in root canal and host response 
towards it even after root canal treatment. Following higher standard for treatment, the error can be 
minimized, but cannot be avoided. The alternate methods are necessary to repair these defects. Root 
canal re-treatment or endodontic microsurgery is available methods to correct the defects. Modern 
approach and new biocompatible materials have made the surgical procedure more promising and 
reduced the number of teeth loss.  
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INTRODUCTION 
Periapical microsurgery is performed on the 
tooth with failed root canal re-treatment or for 
the exploratory purpose. Leaking bacteria and 
bacterial products from root canal to the 
adjacent periodontal tissue is the major cause of 
persistent non-healing periapical lesion. The aim 
of micro-surgery is to locate and seal the leaking 
spaces, restore the health of periradicular tissue 
and return tooth back to function. The small 
osteotomy, low risk to damage adjacent vital 
structures, better visualization and sealing has 
made the endodontic microsurgery more 
acceptable. 
Normally, tooth crack, lateral canal, root 
resorption and root perforation cannot be 
treated by non-surgical root canal treatment 
alone. It needs the combined effort of non-
surgical and surgical root canal treatment. If the 
tooth has well filled canal space, have crown, or 
the lesion cannot be approached from coronal 
access then the surgical intervention becomes 
necessary.    
Tooth root consists of root canal, dentinal  
 

tubules, lateral canal, accessory canal, fins, 
deltas and isthmus. This anatomic diversity 
possesses challenges during root canal 
treatment and if not adequately located, cleaned 
and sealed could fail the conventional non-
surgical root canal treatment.1,2 Similarly, the 
procedural error has negative impact on the 
outcome of root canal treatment as well.3,4 

The objective of this review is to updates readers 
on clinical features, diagnosis and management 
of dental crack, lateral canal, resorption and 
perforation. 
 
Tooth crack 
The root crack is described as the fracture on 
root surface involving cementum and dentin. 
Pulp tissue may or may not be involved.5 The 
discontinuity on root surface can be either crack 
or vertical/horizontal root fracture. The tooth 
crack or vertical root fractures (VRF) have some 
specific clinical manifestations. They clinical and 
radiographic signs and symptoms are similar to 
the non-healing root canal treated tooth and 
tooth with periodontal lesion. The common sign  
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presented by patient is mild pain during 
mastication.  
The vertical root fracture is common among 
female, above 40 years of age and mandibular 
molars and maxillary premolars are frequently 
involved6,8 and involved tooth are severely 
attrited.9  The reason for higher incidence of VRF 
on premolars and molars might be presence of 
isthmus.10 The vertical root fracture presents 
clinically as isolated periodontal defect, presence 
of sinus tract.6 The isolated periodontal defect is 
a narrow but deep periodontal pocket 
communicating with gingival sulcus and 
dehiscence type bone loss.11 The more bone 
resorption in apical area and narrower bone 
defect towards coronal portion is the clinical 
feature seen after the flap is elevated and 
degranulation of area.The tooth with 
fenestration bone defect shows the presence of 
halo-type radiolucency around root.1,11,13 The 
presence of sinus tract on buccal or 
lingual/palatal aspect or on both sides can be 
found.12   
The prevalence of VRF is higher in 
endodontically treated tooth.6 The clinical 
presentation of VRF in endodontically treated is 
similar to nonendodontically treated tooth, 
except the non-healing periapical lesion, 
symptomatic tooth, discomfort during 
mastication, click sound during condensation of 
gutta percha, more number of gutta percha 
accommodating in canal space, presence of 
blood in root canal during obturation.14  
The root fractures in bucco-lingual direction. The 
initial lesion is difficult to diagnose on 
radiograph and time is needed for fracture to 
propagate and lesion to establish.11,13 The 
multiple radiographs taken with horizontal 
angulation of 20°-40° is more helpful to detect 
the fracture.12 Staining the tooth, use of 
fiberoptic trans-illumination and surgical 
exploratory surgery are some clinical options to 
diagnose VRF.15 The cone beam computed 
tomography (CBCT), an advanced imaging 
technology, is more helpful to diagnose the VRF 
and determine the extent of lesion.16  But, both 
CBCT and periapical radiograph cannot detect 
early VRF.17,19  The sensitivity of CBCT to detect 

VRF in endodontically treated tooth is high.20 
But, the specificity is reduced due to the 
presence of artifact.21,23 Therefore, it will be too 
early to say that CBCT is better tool to diagnose 
VRF in root filled tooth.24 

The VRF not communicating with gingival sulcus 
can be treated by sealing the crack with resins. 
But, the cases with crack on lingual aspect, crack 
present both on lingual and buccal side of root, 
split root or periodontal lesion communicating 
with apical lesions are contraindicated for 
microsurgery. 
 
Lateral Canal 
Lateral root canal is formed when the existing 
blood vessel and nerve gets entrapped by 
hertwig’s epithelial root sheet during root 
development, but these are not collateral 
circulation and nerve supply to pulp.25 The 
lateral canal is present on apical third, middle 
third and coronal third of root in varying 
proportion26 and varying diameters from 01 to 
200 microns.27 It is consist of bacteria and 
necrotic tissue in tooth with chronic pulpitis and 
is constant source of irritation to adjacent 
periodontal tissue.28 Lateral canals are almost 
invisible on radiographs, but it becomes visible 
after the space is filled with sealer. The sinus on 
attached gingiva and isolated radiolucency not 
involving the apex of root is the sign for 
presence of lateral canal. The tooth with 
symptomatic lateral canal must be re-treated 
and when the re-treatment fails, or tooth has no 
access to the re-treatment then the 
microsurgery is the backup. 
 
Resorption 
The external root resorption is due to trauma 
and loss of cementum and replacement of 
periodontal ligament space, cementum and 
dentin by bone.29 The external resorption is 
especially found in tooth after luxation injury. 
The resorption in traumatized tooth can be 
minimized by use of lendermix30,32, tetracycline 
group medication Minocycline, 
Demeclocycline32,33, Corticosteroid32 and 
Triamcinolone.32  Their use delays the 
proliferation of osteoblast and osteoclast 
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towards denuded root surface, allows adequate 
time for periodontal tissue and cementoblasts 
on the denuded surface and minimizes the risk 
of resorption. The ankylosis, inflammatory 
resorption and replacement resorption is fate of 
delayed replanted tooth.34  Although, the tooth 
gets lost by resorption but it preserves the 
alveolar ridge height for prosthetic replacement. 
 
Perforation 
Perforation is defined as the mechanical or 
pathologic communication between root and 
external surface of root.5 The communication 
developed during root canal treatment or 
intracanal post placement is of iatrogenic origin 
and communication developed by root 
resorption is pathologic origin. The presence of 
pain, swelling, sinus tract, previous history of 
non-surgical root canal treatment and 
radiolucency associated with perforation.35 The 
prognosis of perforation is dependent on the 
association with radiolucency and 
communication with oral cavity33-38 ; and patient 
age, perforation location, perforation size, and 
tooth types.38,39  
 

DISCUSSION 
The diagnosis and management follow the 
normal guidelines. An early management can 
save the tooth and restore the periodontal 
health back to normal. The discussion on this 
article will be based on the methods adopted to 
identify, manage and selection of materials.  
 
Diagnosis 
The clinical signs of dental defect are the 
persistence of sinus tract, not healing 
periodontal pocket and mild pain while teeth are 
in contacts. The presence of granulation tissue is 
the confirmatory sign of the persistence of 
defect and the granulation tissue is attached to 
the site of defect. The area of defect can be 
highlighted with methylene blue. Radiograph of 
central incisor (Fig.1.A) shows widen periodontal 
ligament space on mesial aspect of root, the 
adequately filled canal and flow of sealing 
material toward the periodontal space. CBCT 
image of same tooth, the horizontal image 
verifies the flow of material on mesial aspect 
(Fig. 1.B) but the sagittal section shows the 
under filled canal and flow of material (Fig. 1.C)

 

Figure 1: (A) Intraoral radiograph of maxillary central incisor showing widen periodontal ligament space on mesial aspect of 
root, adequately filled canal space and flow of material towards the periodontal defect area from root canal space. (B) CBCT 
horizontal section of same tooth showing the filled canal and flow of material on mesial aspect. (C) CBCT sagittal section 
showing the under obturated apical  third of root canal, discontinued labial cortical plate and sealing material extruded from 
root canal space. Arrow marks the area of interest.  
 



Review Article 
 

Journal of Nepal Dental Association - JNDA | Vol 15, No 2, Jul-Dec 2015 29 

 

Design of Incision 
After diagnosis, access to the area of lesion is 
major step. The access to the site of lesion can 
be achieved through flap designs. Sulcular full 
thickness (triangular and rectangular or 
trapezoid design) and modified Ochsenbein and 
Luebke are three methods adopted in 
endodontic microsurgery. Triangular flap design 
is adequate to get access the defect in coronal 
third and middle third of root or full coverage of 
till apical third of root if the vertical incision is 

placed deeper in vestibule (Fig 2A and 2B), while 
rectangular or trapezoid flap design gives full 
access to periapical area (Fig. 2C). The modified 
Ochsenbein and Luebke flap design is aesthetic 
design commonly adopted in cases with 
demanding cosmetic and if the lesion does not 
communicates the sulcular area (Fig 2D).  The 
area of incision is guided by the extent of lesion 
and need to place suture on tissue with boney 
base. The granulation tissue is attached to the 
area of exit and the area of exit is highlighted 

with 1% methylene blue application. The 
localization of defect becomes more 

distinguished with aided benefits from dental 
operating microscope.  

 

 
Figure 2: Types of flap designs. (A) Triangular in anterior segment. (B) Triangular in posterior segment. (C) Rectangular Flap. 
(D)Modified Ochsenbein and Luebke flap. 

 
Seal It 
Use of amalgam to seal the apex is history now. 
It was replaced by Zinc Oxide eugenol (ZOE) 
based Intermediate restorative material (IRM) 
and Ortho-ethoxybenzoic acid (SuperEBA). 
Currently, Mineral Trioxide Aggregate (MTA) is 
common choice for sealing. MTA poses excellent 
biocompatibility and seal, but it lacks the 
chemical bonding with dentin. Therefore, it 
needs to be packed in adequate consistency and 

its use is to be limited to the confined space (Fig. 
4.A). Recently, bioceramic is used as root end 
filling material. Both MTA and bioceramic poses 
similar clinical significance. MTA or bioceramic if 
used in crack or the lesion communicating 
sulcular area does not give desired results 
because of prolonged setting duration and 
material gets washed out. Dentin bonded resin 
modified cements are used in these area and 
they have shown satisfying results.
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Figure 3:(A) The IOPA shows the presence of dumb-bell shaped periapical lesion involving periapical and mesial surface of 
maxillary central incisor. (B) Image shows the presence of lateral canal on mesiobuccal aspect of root surface (blue arrow). 
(C) The lateral canal sealed with MTA (blue arrow). (D) The IOPA confirms the seal of lateral canal. 

 

 
Figure 4: (A) Image of Maxillary central crack on buccal aspect of root extending towards distal aspect of root. (B) Image 
taken after degranulation and staining area with 1% methylene blue. (C) The defect was prepared with ultrasonic tip. (D) 
Placing flowable resin cement in area after defect elimination. (E) Area visualized with micro-mirror after final restoration of 
involved area. The field of interest is marked with light blue arrow.  

 

 
Figure 5: (A) Image of rightmaxillary central and lateral incisor. (B) Area of labial perforation seen after debridement of area 
and methylene blue staining (blue arrow indicates area of perforation and light brown arrow marks lateral canal. (C) Image 
taken after preparation of areas with ultrasonic tip. (D) Restoring the defect with flowable resin cement. (E) Apical 
preparation and lateral canal was sealed with MTA.  

 

 
Figure 6: (A) The surgical image of maxillary central showing external root resorption on buccal and distal aspect of root 
surface. (B) Image taken after preparation of defects with ultrasonic defect. (C) The defect was restored with flowable resin 
cement. The area of interest is marked with light blue arrow.  
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