
Operative procedural errors must be well analyzed in order to avoid influence negatively 
the root canal treatment (RCT) prognosis. The successful RCT prevents tooth loss and 
avoids pain and apical periodontitis. This review aimed to categorize common operative 
procedure errors and clinical factors associated with RCT. Based on this, will be approached 
common errors of procedures within the clinical operative sequence: endodontic treatment 
planning, pulp and periapical disease diagnosis, anaesthesia, access cavity preparation, 
isolation with rubber dam, root canal preparation, root canal filling and retreatment, 
restoration of endodontically treated teeth, postoperative pain, follow up of endodontically 
treated teeth. The professional must remind that in each phase of RCT an operative error 
may have adverse implication on prognosis, and these errors characterize risk factors to 
failure. The knowledge of probable operative procedural errors and its consequences are 
essentials to avoid future problems to the tooth health.  
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Introduction
Contemporary endodontics has experienced scientific 

and technological innovations substantiated with imaging 
exams (1-5), instrument design and kinematics, root canal 
preparation (RCP) and filling techniques (6-11). These 
implements have been incorporated daily to clinical 
protocols. The new technologies and therapeutic methods 
require some time for a precise analysis of the risks and 
benefits to be integrated into clinical practice (12). 

Parallel to scientific and technological advances, 
accidents and complications during root canal treatment 
(RCT) may occur any time. The professional should be 
aware to avoid these unpleasant events, since operative 
procedural errors characterize iatrogenic risk factors that 
may result in RCT failure (12-15).

An independent analysis of these errors must be 
made during the planning of operative procedures. 
Studies involving the prevalence of apical periodontitis 
in endodontically treated teeth reported that the quality 
of root canal filling and coronal restoration influence 
on the success or failure (16-25). The outcomes of RCT 
are an indicator to sustain or to adjust the therapeutic 
protocol (12).

Several factors and the ongoing clinical conditions are 
important to determine the challenges and difficulties in 
the moment of RCT. For example, presence of infection 
or inflammation; primary or secondary infection; apical 
periodontitis; symptomatology; sinus tract; endodontic and 

periodontal lesion; missed root canal, apical transportation, 
coronal and root perforation, endodontic instrument 
fracture; traumatic dental injury; root resorption; radicular 
fracture; incomplete access to pulp chambers and root canal 
orifices; limits of root canal filling, overfilling; quality of 
coronal restoration, etc. (25-43). 

In addition to all these factors, the patient’s systemic 
conditions must be included. Systemic and periodontal 
diseases have to be prudently verified during the endodontic 
planning, since they may be risk factors of RCT failures. 
Pulp and periapical diseases diagnosis previous to RCT are 
an important predictive referential to prognosis. The health 
of the professional (stress, work environment) is a human 
aspect many times neglected and which may be a risk 
factor to operative errors. The prediction of RCT success 
constitutes a factual challenge, due to all the biologic (local 
and systemic) and technical factors that involve operative 
procedures. RCT success includes knowledge and domain of 
root canal anatomy, control of microorganisms, technical-
scientific mastering of therapeutic protocols (psychomotor 
skill) and a positive host-immune response (12).  

Thus, the successful RCT prevents tooth loss and avoids 
pain and apical periodontitis. Based on this intention will be 
approached common procedural errors within the clinical 
operative sequence: endodontic treatment planning, 
pulp and periapical disease diagnosis, anesthesia, access 
cavity preparation, isolation with rubber dam, root canal 
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preparation, root canal filling and retreatment, restoration 
of endodontically treated teeth, postoperative pain and 
follow up of endodontically treated teeth. This review 
aimed to categorize common operative procedure errors 
and clinical factors associated with RCT. 

Endodontic Treatment Planning
The absence of clinical planning may induce the 

professional to operative procedural errors (12). In this 
perspective, it may be illusory to verify the configuration 
of the pulp cavity illustrated by periapical radiography. The 
periapical radiographs show 2-dimensional representations 
of 3-dimensional structures. The tooth morphological 
features may not be revealed by radiographic exams (1-
5,44,45). Periapical radiolucencies and root resorptions 
may not be visible radiographically, although they may 
exist clinically (5,44-47). 

The root canal anatomy is very complex and requires 
meticulous study before any therapeutic intervention 
(48,49). Innovative alternatives to study internal root 
canal anatomy, such as cone beam computed tomography 
(CBCT) and micro-computed tomography have been well 
discussed (1-5,48-54). CBCT images may reveal aspects 
unable to identify by periapical radiography and may favor 
a more predictable planning and treatment (1-5,46,47). 
Map-reading strategy in CBCT images reduces problems 
associated to overlapping of anatomical structures (43). 
The navigation dynamics favors a precise identification of 
roots position, frequency of root canals, presence of the 
isthmus and apical foramina (53,54). The root apices of the 
maxillary posterior teeth and the maxillary sinus floor may 
present intimate relationship that favors development of 
inflammatory, infectious and/or traumatic alterations in 
the maxillary sinus (MS) or vice-versa (55-59). Operative 
procedural errors during RCT, such as over-instrumentation, 
over-irrigation, overfilling and aggressive surgical 
procedures constitute risk factors by introduction of foreign 
bodies into the MS (58).

Full access to all root canal walls has a clinical impact on 
sanitization process and root canal filling and consequently 
on the successful treatment (60). Negligence, lack of 
planning and unfamiliarity with the internal anatomy 
contributes significantly to the failure of RCT. Each patient 
must be judiciously analyzed for anatomic, ethnic and 
genetic features.

Choice of the clinical protocol to be employed 
considering certain diagnostic hypotheses means that 
priorities need to be established, weighing the trade-off 
between the risks of treatment against the benefit of 
the eventual outcome. A decision made should avoid 
annoyances, including judicial processes. All care is small 
when it involves the health of individual.   

Systemic and local factors related to the patient must 
be well analyzed. The doubtful prognoses may constitute 
an impediment for the precise implementation of the RCT. 
Among them, local factors include anatomic-pathologic 
aspects, modifications of the internal anatomy, excessive 
dilacerations, dental development anomalies, calcification 
of the pulp chamber, endodontic accidents, the loss 
of working length, ledge formation, root perforation, 
endodontic instrument fracture, presence of extensive 
posts, sealer or glass ionomer in root canal retreatments (12). 

It is important to consider that not all the periapical 
radiolucencies are associated with infected root canals 
(61-65). Periapical lesions of non-endodontic origin may 
lead to misdiagnosis and consequently therapeutic errors 
(61-65). The case selection must be well considered and 
planned. In addition, the planning of the time required 
for the operative procedures, the probable number of 
interviews, the instruments and materials necessary to RCT 
are singular, but relevant to the planning.  

A protocol for clinical attendance is necessary and 
basic, with ability to prevent cross-infection. It is essential 
to admit that all patients must be considered as infective 
agents and in the same way as the dental team, infectant 
vectors of cross-infection. Cross-infection can be prevented 
by the adoption of different behavior patterns and using 
protocol barriers (66). 

Previous planning indicates a path to go through to 
attain a certain objective. An important strategy includes 
training in order to simulate future difficulties, with 
prediction of decisions to be made in case something 
happens out of the established protocol (67). 

Pulp and Periapical Disease Diagnosis
Decision making achieves higher success rate in RCT 

when it is established from a correct diagnosis (12,25,26,60). 
The clinical examination consists in the analysis of 
visual physical features of the tooth and surrounding 
tissues, palpation, percussion and pulpal vitality tests 
and radiographic aspects. During anamnesis, the clinical 
characteristics of the pain (type - provoked or spontaneous; 
duration - short or long; frequency - continuous or 
intermittent and site - local or diffuse) constitute important 
referential to clinical diagnosis (26).

The pulp pain diagnosis should be made based 
on the clinical features, symptoms and signs, such as 
symptomatology (presence or absence of pain); biophysical 
characteristics of the tooth, signs that show if the 
cavity is open or closed (exposed pulp, absence of pulp 
exposure); appearance of pain (provoked or spontaneous); 
pulp response to pulp vitality or sensibility test. In the 
impossibility of direct inspection of the dental pulp, 
semiotechnical resources allow to reach the probable 
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diagnosis of the pulp pain (a diagnostic hypothesis) (26). 
Thus, it only leaves to the analysis of signs and the patient’s 
clinical symptoms, without correlation with possible 
histopathological events (60,68). 

Pulp or periapical inflammatory diseases are usually 
identified by the consequences of aggressions to the tissues. 
The previous clinical conditions found in the tooth need 
to be identified during the diagnosis. It includes dental 
caries, pain, inflammation, primary or secondary infection, 
symptomatic/asymptomatic AP, periapical abscess with/
without sinus tract, open/closed cavity, history of traumatic 
dental injury (12,26,60). The clinical diagnosis of pulp 
and periapical diseases involve: hyperreactive pulpalgia, 
symptomatic pulpitis, asymptomatic pulpitis, pulp necrosis, 
symptomatic apical periodontitis of traumatic or infectious 
origin, asymptomatic apical periodontitis, periapical abscess 
without sinus tract, periapical abscess with sinus tract 
(26). Most occurrences of pulp pain have been associated 
with symptomatic pulpitis and the periapical pain with 
symptomatic apical periodontitis of infectious origin (26). 

The general clinical condition of the patient (systemic 
health) and local characteristics (tooth condition) favors 
prediction of a possible outcome of RCT. Prognosis of a 
RCT also depends on the level of scientific knowledge and 
ability of the endodontist. 

Endodontics challenges begin when diseases from non-
endodontic origin suggest a typical case of periapical lesion 
(61-65). Mandibular or maxillary areas surrounding the root 
apexes presenting radiolucent or radiopaque images may 
be a sign of non-endodontic disease. Thus, the differential 
diagnosis of diseases from endodontic or non-endodontic 
origin should be cautiously made to avoid misdiagnosis 
(61-65). 

Anesthesia
Successful RCT involves an appropriate control of pain. 

Tooth pain represents the main reason why patients seek 
dental care. An understandable anxiety for both, patients 
and endodontists is the pain experienced before, during or 
after RCT (69). Many patients considered pain and dentistry 
synonymous (70). Pain is a complex phenomenon and dental 
pain, a multifactorial or multidimensional experience that 
involves sensory and emotional responses, conceptual and 
motivational aspects (71,72). 

All patients consciously report having or not pain 
experience during or after RCT. The control of patient’s 
pain and anxiety favors a smooth progress of clinical 
procedures. The professional must recognize the pathologies 
that produce intensive pain (symptomatic pulpitis, 
symptomatic apical periodontitis and periapical abscess 
without fistula). The knowledge of anatomic structures, the 
anesthesia techniques, the mechanism of action, the effect 

and complications of the anesthetics constitute essential 
abilities of the professional. The worst memory for a patient 
is the experience of pain during or after RCT (67).

Isolation of Tooth with Rubber Dam
The control of microorganisms in the infected root 

canals is an aim for the endodontic therapy (26-36,73-77). 
To guarantee complete sanitization during the operative 
procedure the isolation of tooth with rubber dam is 
recommended, which also minimizes cross infection, prevent 
accidents like aspiration and deglutition of endodontic 
instruments and the cytotoxic effect of irritant substances 
on vital tissues (sodium hypochlorite and calcium hydroxide) 
(66,67).

Sodium hypochlorite is one of the best-known irrigants 
used by dentists all over the world (73,75,77-80). This 
irrigant solution may cause damage in contact with 
vital tissues (75,80-83). The accidents involving sodium 
hypochlorite may have some complications: severe pain; 
ballooning or immediate edema in soft tissue; extension 
of edema to a large area of the face, like the cheeks; 
periorbital ecchymosis on skin or mucosa as a result of 
profuse interstitial bleeding; profuse intraoral bleeding 
directly from root canal; palate mucosa necrosis; tissue 
necrosis; neurological complications; paresthesia; allergy; 
dermatological problems and life-threatening airway 
obstruction (80-83). 

Thus, tooth isolation with rubber dam should be 
performed properly, in order to avoid serious problems to the 
professional and the patient’s health. Failure to use rubber 
dam has been shown to influence the choice of root canal 
irrigant. It has a negative impact on treatment outcome 
and places the patient at risk of swallowing or aspirating 
materials and instruments (84). An important care during 
tooth isolation with rubber dam is the selection and good 
adaptation of the clamp. Coronary fracture in tooth with 
little coronary structure due to the clamp’s force constitutes 
an extremely unpleasant accident and must be avoided. 
Different manners to tooth isolation were incorporated to 
the endodontics in order to obtain absolute isolation of the 
tooth from the oral cavity. Whenever needed, the tooth must 
be reconstructed before its isolation with rubber dam (67). 

Additional strategies to complement the rubber dam 
isolation may be required for young patients or during 
trans-surgery procedures, like the light curing gingival 
barrier or cyanoacrylate adhesive to block the possible 
blood or fluids penetration through the rubber dam (85). 
Thus, ergonomics and time economy are also included 
among the advantages.

Access Cavity Preparation 
Knowledge of the pulp cavity’s anatomy provides the 
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opportunity to point out some of the factors that could 
complicate access cavity preparation of the root canals. 
The presence of nodules in the pulp chamber, calcifications, 
incomplete dentinogenisis (class 2), resorptions, dislocated 
tooth (tooth out of the dental arc inclination) or a 
restoration covering the crown may hamper the access 
cavity preparation and induce accidents. Before starting 
the access cavity, it is prudent to verify in the imaging 
exam the size and shape of the pulp chamber, tooth 
inclination in the arch. Meticulous analysis of the root 
canal anatomy should be performed while RCT planning 
(12,14,15, 54).  

Operative procedures earlier to the access cavity 
preparation involve the removal of all carious tissue, 
restoration of defects and weakened dentin structure, 
which could change the coronal references. A coronal 
reconstruction before the access cavity is required in 
some situations of large coronary destruction. The perfect 
access cavity can be prepared by meeting the following 
objectives: direct access to the root canal, complete 
elimination of the roof of pulp chamber, respect for the 
pulp chamber floor, ledge formation on the proximal 
walls of the pulp chamber and proper selection of drills. 
An incomplete access cavity reduces the emptying quality 
and may alter the form of root canal preparation. An 
exaggerated access cavity favors perforations, compromise 
the biomechanics performance of root treated teeth and 
exposes the tooth to coronary/root fracture (67). 

The analysis of the coronary chamber in the 
contemporary imaging exams, the perfect selection of 
the drill compatible with coronary volume, good lighting 
and magnification are essential because they favor 
visualization of the cavity during coronary opening, 
avoiding unpleasant accidents. 

Missed root canal may be found in some situations 
(49,50,52), which may be responsible of maintaining 
bacterial contamination. Missed root canal may occur in 
all teeth, due to poor exploration and investigation of 
anatomy (49,50,52). In mesiobuccal root of the first molar, 
in premolars with two or more roots, in mandibular central 
incisors, in dens invaginatus more attention is required 
to avoid missed root canals. Axial sections in CBCT are 
efficient in the study of these situations (52).    

Accidents may occur at any moment of RCT and they 
may lead to the failure. The common procedure errors 
during access cavity preparation are as follows: remaining 
caries tissue in the pulp chamber; incorrect choice of the 
point for preparing the access cavity; incorrect selection 
of the drill (excessively large drill in relation to the 
pulp chamber volume); error on the climbing of teeth 
with wrong position; incomplete access; no removal of 
the coronal roof; buccal perforation in anterior teeth; 

perforation of the floor in molars (67).

Root Canal Preparation 
Root canal emptying is the procedure to eliminate 

the contents from in the pulp cavity. RCT incorporate the 
sanitization process, which involves the emptying and 
enlarging, combined with the use of antibacterial strategies.

The emptying is performed in cases of normal pulp 
(healthy or inflamed) (pulpectomy), infected pulp 
(sanitization process), presence of filling material (gutta-
percha and sealer removal in retreatment), root canal 
with posts or fragments of endodontic instruments 
(disobturation). This stage of emptying allows the 
identification of the entry orifice of the root canal, its 
diameter, the direction of the curvature, obstacles or 
obstructions not visualized by imaging exams. In addition, it 
eases the passage of additional instruments. The emptying is 
performed before RCP and is essential for precise planning, 
in particular what concerns the lateral limits of preparation. 

After root canal emptying is made the enlargement of 
the root canal. Thus, the selection of endodontic instruments 
and the technique used for root canal preparation (RCP), 
as well as the operator’s experience constitute important 
aspects to be considered in view of the new strategies and 
instruments (continuous or reciprocating nickel-titanium 
files) (6,7,12,84-89). 

The quality of RCP with rotary NiTi instruments (86-
94) and the low incidence of procedural errors (root 
canal transportations, root perforations and fracture of 
instruments) (14,15) motivated discussions and use by 
undergraduate students. The introduction in undergraduate 
teaching appears a promising matter. Another important 
aspect related to RCP is that all instruments have a limited 
useful lifetime and may have manufacturing defects (95,96), 
which implies recognizing the need for frequent renewal. In 
all steps of RCT, the slightest negligence of the professional 
may cause operative errors. 

Curved RCP present a greater possibility of apical 
transportation and root perforations. Prior identification 
of the radius of curvature of a root canal constitutes a 
functional conduct (97). The most root canals of maxillary 
and mandibular first and second molars have some degree 
of curvature in the apical and cervical thirds, regardless 
the analyzed plane (98).

The apical limit of RCP must be inside of the root canal. 
A better prognosis is attained when RCP and filling do not 
extend beyond the apical foramen, so it must be short of 
the radiographic root apex (12,34-36,40,41). 

The lateral limits of preparation (enlargement of the 
root canal) must be determined by the anatomic diameter 
of the root canal. Many instruments do not touch all the 
walls of the root canal (7), and a contemporary discussion 
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refers to a higher enlargement of the area within the 
anatomical limits (99). The lateral limit of cervical and apical 
enlargement should be appropriate, as the radiographic 
aspect does not represent a precise reference to the real 
dentinal thickness and the illusion of the radiographic image 
may be responsible for insufficient or excessive wear. In 
cases when CBCT exam is necessary, it is possible to identify 
in axial plane the dentinal thickness that will be prepared. 

Planning, good sense and anatomic knowledge are 
significant at this stage of the endodontic management. 
Determination of the lateral enlargement limit should take 
into account the anatomic and pathological condition, 
intensity of the root canal curvature, transversal section 
and flexibility of the endodontic instrument. The initial 
preparation of the cervical third makes it possible to 
remove the dentinal prominences (constriction areas) and 
favors determination of the anatomic diameter of the root 
canal. Root canal enlargement must be planned according 
to root canal anatomy.

The maintenance of the original position of the foramen 
(100) is as important as the centering ability of the root 
canal during RCP. Apical transport, main canal deviation 
(with consequent loss of the working length) may be 
well controlled with NiTi instruments when are used by a 
qualified professional, and used cautiously and rationally 
in a good shaping technique.

Cervical enlargement must be carefully observed, 
particularly after the introduction of instruments with high 
taper, which may be responsible for excessive attrition in 
thin root canal regions, like the distal wall of the mesial 
root of mandibular molars. These aspects must be analyzed 
and accounted for, since there is a direct and intimate 
relationship between endodontic instruments and root 
canals.

The effectiveness of antimicrobial strategies (irrigant 
solution and intracanal dressing) is related to keep direct 
control with the area to be prepared. The successful infected 
RCT is connected with the decline of microorganisms 
and the disruption of the bacterial biofilm (28-32,74-
80,101,102). The complex anatomy hampers the full 
and direct access. For example, root canal isthmus is a 
common anatomic structure in human permanent teeth 
(48,49,54,103), except in maxillary anterior teeth (54). 
Higher frequencies of root canal isthmuses (87.9%) have 
been found in mandibular first molars (54). The effect 
of intracanal dressing on bacteria occurs maintaining 
direct contact to express its mechanism of action. Equally 
important as the irrigant solution for effective sanitization 
process are the penetration depth of the irrigating cannula, 
frequency of irrigation, abundance of irrigation, the 
concentration of irrigant solutions and quality control of 
the substances (12,104). 

The treatment of infected root canals requires reducing 
the intraradicular microbial load, to disrupt the biofilm and 
stringent application of non-antibiotic chemomechanical 
measures (33). Irrigant solutions are very important 
during root canal preparation because they help to clean 
the root canal (75), lubricate the files, flush out debris, 
and have an antimicrobial and tissue dissolution effect, 
without damaging periapical tissues (12,73-80). Sodium 
hypochlorite and chlorhexidine are the most often indicated 
antimicrobial agent for treatment protocols against 
endodontic and periodontal infections (73-80). Calcium 
hydroxide remains as the most indicated intracanal dressing 
in different clinical conditions. The properties of calcium 
hydroxide come from its dissociation into calcium and 
hydroxyl ions and the action of these ions on tissues and 
bacteria explains the biological and antimicrobial properties 
of this substance (73).

Root Canal Filling and Retreatment
Root canal filling (RCF) aims to eliminate empty spaces 

inside the pulp cavity where microorganisms can lodge (12). 
When RCP is well established, the root canal filling of this 
space maintains the same destiny. The lateral condensation 
technique with gutta-percha is the most known and used. 

Some details for root canal filling must be well verified, 
such as asymptomatic tooth, the maintenance of the 
same apical limit used in the RCP. Root canal must be well 
cleaned and dried, for the selection of the main cone of 
gutta-percha, and it is necessary to verify if the cones offer 
some resistance to the removal and to occupy most space 
of the root canal. The root canal filling material must be 
contained only inside the root canal, there is no way to 
justify its presence beyond the root canal (12,35,36,40,41). 
In mandibular and maxillary molars, it is necessary to take 
care to avoid lead filling materials into mandibular canal 
and maxillary sinus, due the proximity of these anatomic 
structures with root apexes (53,58).  

Different properties of endodontic sealers have been 
discussed (105-108), but the endodontic professionals still 
do not have a material considered ideal. Adherence ability 
to dentinal walls, with a sealing quality to avoid infiltration, 
with biocompatibility and stimulation the healing process of 
the periapical tissues constitute ideal properties. Microbial 
leakage along the coronal restoration and root canal fillings 
have been considered strongly associated with endodontic 
failures (20-26). The quality of RCP and coronal sealing are 
essential factors to achieve high rates of success, even in 
infected root canal (12,60). 

The prevalence of periapical lesions in endodontically 
treated teeth in a selected population of Brazilian adults 
viewed by periapical radiographs was low when associated 
with high technical quality of RCT (25). Comparing the 
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panoramic and periapical radiographs and CBCT images, 
apical periodontitis (AP) was detected in 17.6%, 35.3%, and 
63.3%, respectively. Substantial discrepancy can be found 
between the imaging methods tested to detect AP. AP was 
correctly identified in 54.5% of the cases with periapical 
radiographs and in 27.8% of the cases with panoramic 
radiographs (5). 

Operative procedural errors may occur and they 
represent risk factors able to compromise a tooth (12-15). 
Errors characterize disability, non-observance of therapeutic 
protocol and low level of knowledge involving endodontic 
principles. Deficient attendance may be responsible for 
severe consequences and sequels, which impairs the 
prognosis and may result in serious judicial questions (12-
15). Operative procedural errors in endodontically treated 
teeth and dental implants were detected using CBCT images 
(13). Underfilling, overfilling and root perforations were 
detected in 33.5%, 8% and 4.5% of the endodontically 
treated teeth, respectively. Dental implants with thread 
exposures, contact with important anatomical structures 
and contact with adjacent teeth were seen in 37.5%, 13% 
and 6.5% of the cases, respectively (13). 

The first option for treating the failure is root canal 
retreatment, which presents difficulties and complications 
that make the prognosis doubtful. The difficulty in 
establishing new access to the root canal depends on the 
present material, pulp cavity anatomy, missed root canal, 
iatrogenesis (loss of working length - ledge formation, 
perforation, fractured instruments), and the presence of 
intraradicular post (type, length, diameter, sealer).

Restoration of Endodontically Treated 
Teeth

RCT is only finished after a perfect tooth restoration. 
The recovery of tooth function and occlusal harmony 
constitute essential elements in the rehabilitation process. 
Tooth restoration should be preferably performed using 
rubber dam isolation. During the RCT, the tooth should 
receive a temporary restauration with glass ionomer cement 
or composite resin. The time between the root canal filling 
and restorative coronal reconstruction should be the shorter 
possible to avoid the root canal contamination. A fracture 
or loss of restauration may conduct to reinfection and the 
need of a new antibacterial intervention. The restoration 
of endodontically treated teeth may be usually complex 
because of the destruction of the crown, partial or totally, 
due to decay, traumatic dental injuries or the presence of 
previous extensive restorations (109-115). 

The coronal reconstruction of endodontically treated 
tooth must recover the biomechanical performance as 
similarly as possible to the intact tooth. The structural 
resistance is related to appropriate retention and adhesive 

integration between sealer, core reconstruction and final 
restoration. Direct restorative materials, mainly composite 
resin has proven to be enough to reconstitute the coronal 
part that will be the support for a crown, only when 
necessary. In various teeth with significant loss of coronal 
structure and no possibility to provide enough retention 
and resistance to complete the coronal core, intraradicular 
posts for retention may be required. The use of fiber 
glass post associated with resin cement has proven to 
be a good option when post retention is required. The 
similarity of mechanical properties with dentin and the 
bonding interaction with root dentin, result in proper 
stress and strain distribution. The endodontically treated 
tooth that needs intra-radicular retention should receive 
a restoration structurally composed of components with 
specific functions. In a direct relationship of functional 
dependence, the coronal restoration is retained by the 
coronal core, which is retained by the intra-radicular post 
(109-112).

Thus, the restoration of endodontically treated teeth 
is conditioned to the appropriate selection of material 
and technique due to the biomechanical complex and 
the remainder of dental structure. The tooth resistance is 
severely compromised with excessive preparations, both 
at the coronary and root levels. It has been shown that 
intraradicular post provides only crown retention to the 
tooth and does not increase tooth resistance. The clinicians 
should choose the post size and diameter considering the 
shape and dimensions of the root canal after preparation 
and filling. Overpreparation aiming thicker fiber post is 
not recommended. The crown fracture risk depends on 
the amount of tooth structure loss and the capacity of the 
tooth to resist occlusal forces (109-115). The weekened teeth 
after several endodontic procedures should be carefully 
considered to select the restorative procedure. Endodontic 
retreatment, metallic post removal and over-preparation 
may create a larger root canal, which determines larger 
space between the post and root dentin. The use of 
composite resin to restore the adaptation between fiber 
post to root dentin is strongly recommended. The choice 
of proper irrigants to clean the root canal before post 
cementation, resin cement selection using material that 
can polymerize in deep areas and a light curing unit with 
sufficient light irradiance to cure the resin cement, are 
essential to produce adequate post fixation (115). 

Several teeth are lost in function of coronal fracture or 
root perforation associated to inappropriate selection of 
intra-radicular post. The correct planning of restauration 
is important to the tooth survival. The intraradicular post 
must be chosen according to tooth group and the remaining 
coronal structure (114,115). The perfect selection of material 
and planning of tooth restauration have a direct influence 
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on successful RCT (12,25,111,112). 

Postoperative Pain
RCT frequently is performed in inflamed and infected 

pulp associated or not with periapical inflammation. 
An extremely displeasing occurrence for patient and 
professional is the surprise with appearance of pain 
immediately after RCT. This incident puts in risk all the 
competence of the professional. In some cases, postoperative 
pain be predictable after RCT, but in other conditions, this 
fact is not expected, which is poor news (116). 

The symptomatology may be an unpredictable 
inconvenience. The symptomatic apical periodontitis is 
a tissue reaction that occurs in the apical periodontium 
due to traumatic or infectious aggressions, which 
determine inflammatory and immunologic responses. 
The most common causes include occlusal trauma, 
over-instrumentation, over-irrigation, over-medication, 
over-fillings or remains of extruded materials, invasion of 
microorganisms (dissemination of toxins and enzymes). The 
subsequent clinical conditions are inflammatory alterations 
involved with pain: symptomatic apical periodontitis of 
traumatic nature and symptomatic apical periodontitis of 
infectious nature and periapical abscess without fistula 
(116). The organic defenses and the degree of virulence 
of the microorganisms establish the different natures of 
periapical alterations. The inflammatory and/or infectious 
condition involved in the periapical alteration modulates 
the diagnosis and the treatment option.

Studies about incidence of pain that characterizes 
the periapical inflammation during and after the RCT, 
and the relation between bacteria in infected root 
canals and clinical symptoms present on periapical 
inflammation have been widely discussed (116-126). 
Sundqvist (118) verified anaerobic bacteria in pulp necrosis 
and in the acute exacerbations of the periapical region. 
Bacteroides meleninogenicus combined with other bacteria 
(Peptostreptococcus, Fusobacterium, Lactobacillus and 
others) was isolated. The predominant bacteria in the mixed 
infections of the root canal (Gram-negative anaerobic) have 
biological activation effects on the organic defense, and 
this results in an increased inflammatory response with 
the presence of painful periapical lesions.

Seltzer and Naidorf (117) characterized the etiologic 
factors of acute manifestations before and during the 
root canal treatment, including: alteration of the local 
adaptation syndrome, changes in the periapical tissue’s 
pressure, microbial factors, effects of chemical mediators, 
manifestations of the cyclic nucleotides, immunologic 
phenomena and psychological factors.

The clinical diagnoses among 1,765 patients that 
sought the Urgency Service of the Dental School for 

tooth pain treatment showed higher frequency in cases of 
symptomatic pulpitis and symptomatic apical periodontitis 
of infectious origin. The main clinical factors associated 
with pain of pulp and periapical origin were caries and 
open pulp chamber, respectively (26).

The success estimation in RCT confirms a lower rate of 
post-treatment pain in teeth with inflamed or infected 
pulp. Therefore, a good sanitization process, a rational use 
of intracanal medicament and high quality endodontic 
sealing and coronal restoration are essential.

Periapical inflammation of endodontic origin is the 
consequence of aggressive agents’ action from infected 
tooth. The periapical healing process after RCT in infected 
teeth has been studied (127,128). High levels of receptor 
activator of nuclear factor kappa B ligand (RANKL) and a 
potential for bone resorption characterize persistent apical 
periodontitis as a biologically active lesion. In persistent 
apical periodontitis, the found inflammatory immune cells 
are suggestive of a suppressive and regulatory periapical 
environment favorable to chronic clinical conditions 
(127). Estrela et al. (128) evaluated the expression of the 
mesenchymal stem cells (MSC) CD90 and progenitor stem 
cell markers Sox2 in persistent apical periodontitis (PAP) and 
primary periapical lesions (PPL). MSC seem to contribute to 
the immunosuppressive environment recently found in PAP. 
Additionally, distinct stem cell sources may be associated 
with the chronic nature of PAP and PPL development.

Follow up of endodontically treated 
teeth

The periapical tissue repair process is related to the 
elimination of aggressive agents from infected root canal, 
and the quality of the endodontic and coronary seals. The 
resting offered to the periapical tissues after RCT favors 
the reversion of the inflammation, normally with repair of 
the periodontal ligament, osteogenesis and new formation 
of osteocement.

Success of the clinical determination of the  
endodontically treated teeth includes: absence of pain and 
swelling; absence of drainage and sinus tract; functional 
tooth with normal periapical physiology; absence or 
regression of periapical bone rarefaction (12,16-19). The 
doubtful cases (transition phase) between RCT success 
or failure during a follow-up may be associated with 
limitations of imaging exams (5) or lesions from non-
endodontic origin (61-65). Wu et al. (107) reported that 
the outcomes of RCT should be re-evaluated in long-term 
longitudinal studies using CBCT and stricter evaluation 
criteria.

A difficulty observed in the RCT follow-up is the 
small number of patients who returned to longitudinal 
evaluation. Therefore, it may occur overestimation of RCT 
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Table 1. Categorizing common operative procedures errors and clinical factors associated with root canal treatment

Clinical factors / Common operative procedural errors

1. Endodontic treatment planning 

  The absence of RCT planning contributes to disagreeable surprises. 

  Procedural errors characterize risk factors that may contribute to failure of RCT.

2. Pulp and periapical disease diagnosis

  The decision making for RCT shows high success rate when established based on correct diagnosis.   

  The differential diagnosis of diseases from endodontic or non-endodontic origin should be prudently made, avoiding misdiagnosis.

3. Anesthesia

  Tooth pain is a strong reason why patients look for dental care (69). Many patients consider pain and dentistry as synonymous (70);

  The worst remembrance of a patient is the experience and memory of pain during RCT.

4. Access cavity preparation 

  The presence of nodules in the pulp chamber, calcification, resorptions, dislocated tooth (incorrect inclination in the arc) or a restoration 
covering the crown may difficult the access cavity preparation and induce accidents.
  An incomplete access cavity reduces the quality of emptying and may alter the ideal shape of RCP. Exaggerate access cavity favors root 
perforation, and makes the tooth susceptible to coronal /radicular fracture. 

5. Isolation with rubber dam

  To guarantee sanitization process during the operative procedures, an isolation of tooth with rubber dam is recommended, which minimizes 
cross infection and prevents accidents, like aspiration and deglutition of endodontic instruments, and cytotoxic action of irritant substances 
on vital tissues.

  Sodium hypochlorite is the most indicated irrigant solution, but outside the root canal produces many complications, including severe pain.

6. Root canal preparation 

  Selection of the technique used for RCP and endodontic instruments, as well as the operator’s experience are important aspects to consider 
in view of the new strategies and instruments;

  Operative procedural errors during RCP (ledge formation, cervical root perforations, foramen transportations, loss of the working length, missed 
root canal, overinstrumentation, overirrigation, fracture of instruments) may occur due the lack of attention by the professional.  

7. Root canal filling and retreatment

  The elimination of empty spaces inside the pulp cavity constitutes the main purpose of root canal filling (RCF). The quality of RCP has direct 
influence on RCF. 
  A viable option for failure treatment is the retreatment, which presents doubtful prognoses. The new access is influenced by various factors: 
to find a missed root canal, filling material, pulp cavity anatomy, iatrogenesis (loss of working length - ledge formation, perforation, fractured 
instrument), the presence of intraradicular post (type, length, diameter and sealer).

8. Restoration of endodontically treated teeth

  Perfect selection of tooth restoration has direct influence on successful RCT.

  Conservation of the remaining root dentin and crown is fundamental to improve the resistance of endodontically treated teeth.

  The best option to recover the tooth integrity is to reduce the time elapsed between root canal treatment and final restoration, and a bonding 
restoration associated or not with post.

  Several teeth are lost due to fracture or perforation associated to inappropriate selection of intraradicular post.

9.Postoperative pain

  An extremely displeasing occurrence for the patient and professional is the surprise of pain immediately after RCT, which compromises all 
the competence of professional.
  The common causes of periapical pain include occlusal trauma, over-instrumentation, over-irrigation, over-medication, over-fillings or remains 
of extruded materials and invasion by microorganisms (dissemination of toxins and enzymes).

10. Follow up of endodontically treated teeth

  The limitations in longitudinal studies are due to small recall of patients to RCT follow-up, lack of well-documented records with periapical 
radiographies of the initial treatment that allows to compare with the actual ones. These factors are essential to determine the quality of the 
adopted therapeutic protocol. 
- Essential to follow-up of RCT is the knowledge of previous status of pulp and periapical tissue when it was made, the used resources to 
determine the periapical status, the time of treatment conclusion and its correct restoration.
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success. Wu et al. (129) considered that the extraction 
and retreatments were rarely recorded as failures and the 
recall rate was often small. Other studies reported the same 
problem in the recall of patients to quality control of the 
therapeutic protocol and clinical studies (60,129,130). 

Knowledge of the previous status of pulp and periapical 
tissue when the RCT was made, the used resources to 
determine the periapical status, the time of treatment 
conclusion and its correct restoration are essential 
to follow-up. Quality control may be best defined by 
alternatives like CBCT to evaluate the multidimensional 
tooth structure using map-reading strategy in complex 
or doubtful cases (12). Table 1 categorizes the common 
operative procedural errors and the clinical factors 
associated with RCT. The RCT success is associated with 
regression of periapical inflammation, good endodontic 
and coronal sealing and functional tooth (Table 2).

The limitations regarding the small recall of patients to 
RCT follow-up, a well-documented record, with periapical 
radiographies of initial treatment that allow comparing 
with the actual ones, interfere in longitudinal studies. These 
factors are essential to determine the quality of the adopted 
therapeutic protocol. The biological and mechanical 
characteristics of an endodontically treated tooth implies 
in understanding the outcome as a multifactorial event 
for the lifetime of the individual.  

Professionals must have in mind that in every phase of 
RCT an operative error may have adverse implication on 

prognosis and may be risk factor to failure. The RCT success 
is not influenced by isolate factors, but the combination of 
a rigorous sequence of the protocols associated with the 
knowledge of probable operative procedural errors and its 
consequences is essential to avoid future problems with 
the tooth health.  

Resumo
Erros de procedimentos operatórios devem ser bem analisados e evitados 
em função de influenciar negativamente o prognóstico do tratamento 
do canal radicular. Tratamento do canal radicular bem sucedido previne 
a perda do dente, evita dor pulpar e lesão periapical. Esta revisão objetiva 
categorizar erros de procedimentos operatórios comuns e os fatores 
clínicos associados ao tratamento do canal radicular. Neste intuito, 
serão abordados os erros mais comuns e os fatores clínicos dentro da 
seguinte sequência operatória: planejamento do tratamento endodôntico, 
diagnóstico da doença pulpar e periapical, anestesia, preparo do acesso 
cavitário, isolamento do campo operatório, preparo do canal radicular, 
obturação e retratamento do canal radicular, restauração do dente 
tratado endodonticamente, dor pós-tratamento do canal radicular, e 
acompanhamento do dente tratado endodonticamente. O profissional 
deve estar consciente de que em cada fase operatória um erro pode ter 
implicação no prognóstico, e ser fator de risco ao fracasso. O conhecimento 
dos prováveis erros de procedimentos operatórios e suas consequências é 
essencial para evitar futuros problemas com a saúde do dente. 
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