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Introduction: Perforation is defined as communication 
between the root canal and the external tooth surface, 
normally occurs during endodontic treatment and is in-
duced by iatrogenic causes. There are some conditions 
that favor the perforations, among others the irregular 
morphology of root canals, root dilaceration, error dur-
ing pulp chamber preparation, excessive wear of root 
canal walls and inadequate preparation for intraradicu-
lar post placement. Methods: The definitive diagnosis 
of this type of iatrogenic condition is very difficult due 

the limitation of periapical radiography, as it offers a two-
dimensional image and superimposition of structures. For 
this reason, imaging methods such as computerized to-
mography, which allows all the root faces to be evaluated, 
should be used in order to diagnose and inform the loca-
tion of root perforations with greater precision. Conclu-
sion: The present study demonstrated the importance of 
cone beam computerized tomography in the diagnosis of 
root perforation in three clinical cases.
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Introduction
Perforation is one of the most frustrating compli-

cations of endodontic treatment. Over the last few 
years, the incidence has rise due to negligence, im-
prudence and inexperience of new professionals. An 
artificial communication in the root caused by iatro-
genic conditions or pathological resorptions that re-
sult in an intimate relationship between pulp cavity 
and periodontal tissues may be considered a perfora-
tion. Iatrogenic perforations are caused by different 
factors, such as irregular morphology of root canals, 
high incidence of root dilaceration, error during pulp 
chamber preparation, excessive wear of root canal 
walls, calcifications and perforations resulting from 
inadequate preparations for intraradicular posts.1-6

Among the clinical aspects of perforation, one 
could mention pain, sensitivity to palpation, pres-
ence of fistula and/or periodontal pocket. The ra-
diographic characteristics include increase in the 
periodontal ligament space and bone rarification 
adjacent to the region of the perforation, in addition 
to visualization of the perforation when it occurs on 
the mesial and distal surfaces.2,3

Periapical radiography is the first exam request-
ed in cases of perforation, as it offers information 
about the condition and morphology of the root and 
root canal. However, there is the limitation of the 
vestibular-lingual plane, as the image is two-dimen-
sional and anatomic repairs may be confused with 
pathological lesions.1,5,7 Therefore, advanced imaging 
methods, such as computerized tomography should be 
used, which allow visualization and evaluation of the 
root and alveolar bone, location and extension of the 
pulp chamber and a tridimensional view of the root.1,8 

Thus, tridimensional images are valuable in the di-
agnosis and treatment of dental problems.7

The prognosis for teeth with root perforation de-
pends mainly on prevention and the use of biocom-
patible material in the repair to provide the best pos-
sible sealing against bacterial penetration and limit 
periodontal inflammation,6 in addition to the experi-
ence and skill of the professional, location of the 
perforation, quality of endodontic treatment, peri-
odontal conditions and perforation size. Therefore, 
the greatest complication resulting from perforation 
is the potential for a secondary inflammation in the 
periodontal ligament causing loss of bone insertion 
and consequently leading to tooth loss.4,5,6

The aim of this study is to demonstrate the im-
portance of computerized tomography in locating 
and diagnosing root perforation, by means of three 
clinical case reports.

Clinical case 1
The patient, 43 years of age, was referred for evalu-

ation of the maxillary right first molar that presented 
painful symptoms after root canal preparation for in-
traradicular post fabrication. By means of the clinical 
exam, probing, negative palpation and sensitivity to ver-
tical and horizontal percussion, the presence of fistula 
was identified in the region of the tooth in question.

The patient was submitted to multislice comput-
erized tomography, using the SOMATOM Sensation 
64® appliance (Siemens, Erlangen, Germany) involv-
ing the region of interest. In the panoramic recon-
struction, a lesion was observed in the furca and in 
the oblique reconstructions the presence of perfora-
tion and bone rarefaction in the palatine root of the 

Figure 1. a) Observe tooth #16 in panoramic reconstruction. B) Oblique reconstruction: Note the 

white arrow indicating present of root trepanation in teeth #16 (slide 25).
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maxillary right first molar (Fig 1). In this case, due to 
the compromised furca as and perforation, the prog-
nosis was not favorable and the tooth was extracted.

Clinical case 2
Patient, 34 years of age presented at the dental 

clinic with slight painful symptoms and swelling in 
the apical region of tooth #21 seven months after 
conclusion of endodontic treatment in this tooth.

Figure 2. a) Panoramic reconstruction: Observe bone rarefaction in tooth #21 apex (yellow arrow). B) 3D reconstruction. C) Oblique reconstruction: 

Note root trepanation in slide 28.

CBCT was performed with the appliance GXCB-
500 Powered by i-CAT® (Imaging Sciences, Hatfield, 
USA). In the panoramic reconstruction, only bone 
rarefaction was observed in the periapex of tooth 
#21. In the oblique reconstructions, the presence of 
perforation can be identified (Fig 2). In this situation, 
the perforation was sealed with mineral trioxide ag-
gregate (MTA), as it is a biocompatible material that 
prevents leakage and promotes tissue regeneration.

Clinical case 3
Patient, 27 years of age, was referred for evalua-

tion of the right central incisor which presented pain 
and recurrent fistula. During the clinical exam, swell-
ing and sensitivity to touch were verified in the re-
gion in question. The patient was submitted to a cone 
beam computerized tomography exam of the maxil-
la, performed with the appliance GXCB-500 Powered 
by i-CAT® (Imaging Sciences, Hatfield, USA).

Bone rarefaction was observed at the apex of 
tooth #11 and a slightly hyperdense image on the 
mesial face of root. In the sagittal cut of tooth #11, 
the presence of perforation was identified, in ad-
dition to extravasation of the filling material in the 
middle third of the root (Fig 3). Due to the unfavor-
able prognosis, the tooth was extracted and the pa-
tient was referred for oral rehabilitation by means of 
an implant in the region.
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discussion
Cases of root perforation are always harmful to the 

adjacent region to the tooth and are difficult to treat. In 
order to preserve the tooth, it is necessary to perform 
adequate treatment to correct the defect and achieve 
local conditions to maintain the health of the region.4

Root perforations are diagnosed by clinical symp-
toms such as edema, tooth mobility, fistula and sensi-
tivity to percussion, and by imaging exams with peri-
apical radiography and computerized tomography. 
These exams associated with well conducted anamne-
sis of the patient will provide a precise diagnosis.

According to the authors of some studies, peri-
apical radiography imposes several limitations on 
interpretation due to the superimposition of struc-
tures and the image being two-dimensional.5,7,9,10 In 
the clinical cases described in this article, computer-
ized tomography was used as a relevant exam in the 

diagnosis, and provided precise information about the 
location of perforation. Panoramic reconstructions 
were made and the perforations were not visualized, 
as the defects found in the vestibular region were su-
perimposed on the root, showing that in the majority 
of two-dimensional exams, depending on the region 
affected, it is not possible to observe this condition.

In 1981, Metzger1 mentioned that the shape and di-
rection of alveolar bone in relation to the root of the 
tooth and the shape of the root canal are essential char-
acteristics for successful endodontic treatment. There-
fore, computerized tomography can be mentioned as 
an important diagnostic imaging that provides infor-
mation about the anatomic structures, helping with 
planning and performing endodontic treatment.

In 2011, D’Addazio et al7 conducted a study to 
diagnose different endodontic defects. As regards 
root perforations, periapical radiographs did not 

Figure 3. a) Note the bone rarefaction in the apex of tooth #11 in the panoramic reconstruction. B) 3D reconstruction: Observe tooth #11. C) Presence 

of trepanation in the radicular third of tooth #11 with leakage of the filling material in the sagittal reconstruction.
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identify any signs of perforation in 80% of the im-
ages evaluated and provided imprecise diagnoses in 
20% of the cases. With cone beam computerized 
tomography all the alterations were identified and 
20% were precise. The tomographic exam offered 
greater accuracy than periapical radiographs.

In their studies, in 2011, Bueno et al9 presented some 
considerations with regard to false interpretations of 
images obtained by means of cone beam computerized 
tomography due to metal artifacts. These may simulate 
endodontic defects and confuse the diagnosis of root 
perforation. The artifacts appear as dark strips produc-
ing errors of interpretation and may lead to disagree-
able consequences in endodontic therapy. However, 
correct handling of images may minimize errors in di-
agnosis. Coronal, axial and sagittal images of 0.2 mm 
thick should be used (as was done in the clinical cases 
reported) because they provide precise information on 
the exact location of the point of communication be-
tween the root canals and periodontal space, frequent-
ly associated with hypodense areas, suggesting root 
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perforation. This method overcomes the limitations of 
periapical radiography, with the possibility of navigating 
the image, showing a dynamic visualization of images 
that previously were static. In the cases reported in this 
study, it was verified that computerized tomography en-
abled the diagnosis of root perforations in addition to 
helping with the preparation of clinical planning.

Conclusion
To make a definitive diagnosis of perforations is 

challenging, particularly due to the absence of patho-
gnomic clinical signs and the limited capacity of peri-
apical radiography to enable visualization of these 
perforations. Therefore, computerized tomography is 
a useful technology to the endodontist in the diagno-
sis and treatment of complex endodontic problems, 
as it allows tridimensional visualization of structures 
in different planes. Nevertheless, it is important to re-
member that the final diagnosis and choice of clinical 
therapy for root perforations must always be made in 
conjunction with the clinical findings.
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