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ABSTRACT

Objective: to investigate the quality of root canal treatments performed by undergraduate students. Methods: 274 root-filled teeth 
(excluding molars) from the Department of Endodontology of the Federal University of Santa Catarina in a nine-year period were 
selected and evaluated by two calibrated examiners. The evaluation was based on tooth type, number of root canals, presence 
or absence curvature, length of filling material considered the radiographic apex as reference (considered adequate shorter than 
2mm from radiographic apex), filling material density, filling taper, and overall quality of RCT. Chi-square and Fisher exact tests were 
performed to analyze associations between variables of interest (p<0.05). Results: 197 RCT were classified as acceptable (71.9%). The 
frequency of adequate RCT was significantly higher in incisor (79.4%) than in premolars (66.4%) or canines (58.1%) (p=0.015). The 
number of canals did not influence root canal quality in this sample (p>0.05). The factor more frequently identified as unacceptable 
was filling length (26.6%). All RCT performed in curved teeth and classified as unacceptable were underfilled. Procedural errors, 
such as perforations or instrumental separation, were not found in this sample. Conclusion: The most common criteria identified as 
unacceptable was the length of the filling material. Incisors had better quality assessment rates than canines and premolars. The high-
quality rates found in this sample may be linked to the professor/student rates. 

Indexing terms: Dental students. Root canal treatment. Technical expertise.

RESUMO

Objetivo: Investigar a qualidade dos tratamentos endodônticos realizados por alunos de graduação em odontologia. Métodos: 274 
dentes (excluindo molares) com endodontia realizada no Departamento de Endodontia da Universidade Federal de Santa Cataria 
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durante 9 anos foram avaliados por dois examinadores calibrados. A avaliação foi baseada no tipo de dente, número de condutos 
radiculares, presença ou ausência de curvatura, nível da obturação em relação ao ápice radiográfico (considerado adequado quando 
a menos de 2mm do ápice radiográfico), densidade do material obturador, espessura da obturação e qualidade geral do tratamento. 
Teste qui quadrado e exato de Fisher foram usados para avaliar a associação entre as variáveis de interesse (p<0.05). Resultados: 197 
tratamentos foram considerados adequados (71.9%). A frequência de tratamentos adequado foi maior em incisivos (79.4%), do que 
em pré-molares (66.4%) e caninos (58.1%) (p=0.015). O número de canais não influenciou a qualidade do tratamento nessa amostra 
(p>0.05). O fator mais associado a tratamentos com qualidade inadequada foi o nível da obturação (26.6%). Todos os tratamentos 
inadequados, em dentes com curvatura, estavam com obturação mais do que 2mm aquém do ápice. Não houveram erros, como 
perfuração ou separação de instrumentais. Conclusão: O critério mais frequentemente identificado como inadequado foi o nível apical 
da obturação. Tratamentos realizados em incisivos resultaram em qualidade superior aos em caninos e pré-molares. A alta qualidade 
dos tratamentos dessa amostra pode estar relacionada com a razão estudante/professor. 

Termos de indexação: Estudantes de Odontologia. Endodontia. Competência profissional.

INTRODUCTION

Root canal treatment (RCT) is a routine in general 
dental practice and is required in dentistry school as a part 
of undergraduate education. The overall aim of RCT is the 
elimination and prevention of bacterial contamination in 
the root canal system and periapical tissue. These goals are 
achieved by chemomechanical debridement and root canal 
sealing [1]. Root canal treatment quality can influence the 
final treatment outcome and, consequently, teeth survival 
rates. However, there is still not a defined criterion for 
assessing RCT quality [2]. Radiographically, an adequate 
RCT can be described with a proper taper, absence of 
procedural errors and root canal filling with adequate 
density and within 2 mm of the radiographic apex [3, 4].

RCT is the foundation for further rehabilitation; 
therefore, it contributes decisively to the final prognosis 
of the tooth [5]. Considering the improvement in life 
expectancy, there is also an increased demand for RCT in 
the dental market. Thus, it is important that undergraduate 
students be provided with knowledge and sufficient 
experience to perform these conventional therapies before 
graduation [6]. Procedural errors can compromise the 
disinfection quality of RCT and, consequently, affect the 
treatment’s outcome [7]. Post-treatment prevalence of 
disease seems to be positively associated with the root 
canal filling density and length [8]. 

Several studies aimed to describe the quality of 
RCT performed by undergraduate students [9-12]. These 
studies demonstrated that RCT quality is associated 
with preclinical and clinical activity workload, treatment 
protocols, professor supervision, professor/student rates, 
professional qualification, and mentor’s dedication [13]. 
Accordantly to European guidelines, all dental students 
should be able to perform RCT in non-complicated 

single and multiple rooted teeth upon graduation. For 
this to happen, it essential that they learn first how to 
diagnose appropriately endodontics conditions, as well as, 
indications and contra-indications for RCT. This knowledge 
prevents unnecessary interventions, complications, and 
further demotivation by undergraduate dental students 
[14]. 

A systematic review recently published revealed that 
the quality of RCT performed using hand instrumentation by 
undergraduate students is low and decrease accordantly to 
tooth groups’ difficulties [15]. Considering the technological 
advances that occurred in endodontology in the past years, 
and the new technologies yet to come, an education based 
on scientific evidence seem to be the best way to provide 
a high standard academic formation in dentistry schools. 
Therefore, this study aimed to audit the quality of RCTs 
performed by Brazilian undergraduate students, as well 
as to assess the main difficulties encountered by these 
students.

METHODS

Approval of the ethics committee

The Ethics Committee in Human Research of the 
Federal University of Santa Catarina (UFSC) approved this 
study by the number 449/09 302164. All data regarding 
patients’ information remained confidential and was 
assessed only for study purpose.

Root canal treatment procedures

The sample was constituted by endodontically 
treated teeth, which had their treatment performed by 
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undergraduate students of the UFSC dentistry school’s 
sixth and seventh semesters, corresponding to students 
coursing the fourth year, and had initial and final periapical 
radiographs. A team of Ph.D. professors supervised all 
of the students performing endodontic treatments, and 
all procedures were performed by hand instrumentation. 
The overall professor/student ratio in the endodontic clinic 
is 1:10. However, students perform treatment in pairs; 
therefore, there is one professor for five concomitant RCTs 
performed. All treatments performed in the endodontic 
clinics follow the same protocol, with the length of the 
filling material adjusted to 1mm shorter in relation to the 
radiographic apex and root canal filling performed by 
lateral condensation technique.

Sample selection and quality assessment

From the endodontic clinic archive, 304 endodontic 
threated teeth were randomly selected, from a nine-year 
period. From which 30 cases were excluded because of lack 

Table 1. Clinical characteristics and examination criteria for root canal treatment quality assessment, Florianópolis (SC), 2018.

Criteria Score Criteria

Tooth group 1 - Incisor

2 - Canine

3 - Premolar

Files information

Clinical diagnosis 1 - Irreversible pulpites

2 - Pulp necrosis without periapical disease.

3 - Pulp necrosis with periapical disease.

Files information

Root canal curvature 0 - absent

1 - present

Periapical radiographic image evaluation

Number of root canal 1 - one canal

2 - two canals

Periapical radiographic image evaluation

Radiograph quality 0 - satisfactory

1 - unsatisfactory

Overall film processing quality

Root canal filling density 0 - satisfactory

1 - unsatisfactory

Based on the absence of voids in the filling material

Root canal filling length 0 - satisfactory

1 - underfilled

2 - overfilled

0-2 mm short from the apex*

>2 mm short from the apex*

Filling material extruded beyond apex*

Taper of the filling material 0 - satisfactory

1 - unsatisfactory

Based on the conicity and the shape of filling

Final quality of root canal filling 0 - satisfactory

1 - unsatisfactory

Based on “root canal filling density”, “root canal filling length”, and 

“taper of the filling material”

Note: *Radiographic apex.

of information or radiographic exams in the file. Therefore, 
the sample consisted of 274 endodontic threated teeth 
(excluding molars due to the reduced number of treatments 
performed), from which 136 were incisor, 31 canines, and 
107 premolars.

One previous calibrated examiner performed the 
assessment using periapical radiographic images. The 
calibration was conducted by an intra-examiner Cohen’s 
kappa test, in which the agreement value was 0.8 
(coefficients above 0.7 were considered as reliable). The 
quality assessment was carried out with indirect illumination 
provided by a negatoscope, assisted by a magnifier (2-fold 
increase) and a millimetric ruler. Anatomical characteristics 
and quality assessment criteria are available in table 1. With 
regards to the taper of the filling material, this criterion 
was considered satisfactory when the shape was conical 
and respected the anatomical morphology of the root 
canal. The final quality of root canal filling was considered 
as satisfactory when all the criteria were graded as 
satisfactory.
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Statistical analysis

Data was tabulated on Excel 2016 (Microsoft 
Office 2016, Microsoft) and analyzed using statistical 
software SPSS Statistics 21 (IBM Corp., Armonk, NY, USA).  
Chi-square test and Fisher exact test were performed to 
investigate associations between variables of interest. The 
statistical significance was set at α=0.05.

RESULTS

The majority of teeth was incisors, located in the 
upper jaw, single rooted and without root curvature. With 
regards to the clinical diagnosis of treated teeth, 50% were 
diagnosed with pulp necrosis associated with periapical 
radiolucency, 35% as irreversible pulpitis and 15% with pulp 
necrosis without periapical disease. Regarding radiographic 
quality, in all cases processed manually, 9.8% of the files 
presented inadequate processed radiographic images. 

An association was found between tooth groups 
and overall quality of RCT (p=0.015). Overall quality of RCT 

Table 2. Root canal quality criteria accordantly to teeth groups (n=274), Florianópolis (SC), 2018.

Tooth group

Quality assessment criteria*

Filling densityb Filling lengthb Filling taperb Overall qualitya

Satisfactory Unsatisfactory Satisfactory Under Over Satisfactory Unsatisfactory Satisfactory Unsatisfactory

Incisor (n=136) 99.3 0.7 80.9 16.9 2.2 96.3 3.7 79.4 20.6

Canine (n=31) 100 - 61.3 35.5 3.2 96.8 3.2 58.1 41.9

Premolar (n=107) 98.1 1.9 67.3 30.8 1.9 96.3 3.7 66.4 33.6

Note: *Values given as percentage, unless otherwise indicated. Under, underfilled; over, overfilled. a = p<0.05; b = p>0.05.

was found unsatisfactory in approximately 42% of canines, 
34% of premolars and 21% of incisors. No statistical 
association was found between tooth group and individual 
quality assessment variables (p>0.05). The overall filling 
density and taper of the filling material were considered 
satisfactory in more than 95% of cases independently of 
tooth groups. On the other hand, root canal filling level 
was more frequently assessed as unsatisfactory (underfilled 
or overfilled) than other criteria, especially in canines and 
premolars, which might have influenced the overall quality 
of the endodontic therapy (table 2).

In this study sample, 50 teeth had two root canals, 
from which all were premolars. Regarding RCT quality 
assessment, no statistical association was found between 
root canals number and quality criteria (p>0.05). The 
larger number of canals present in premolars, especially 
upper first premolars, did not influence the quality of RCT 
performed by dental students in our sample (table 3).

Root curvature was present in 19 teeth, from which 
approximately 67% were incisors and 33% premolars. 
Curvatures were more frequently present in single-rooted 

Table 3. Root canal quality criteria accordantly to number of root canals (n=274), Florianópolis (SC), 2018.

Number of root canals

Quality assessment criteria*

Filling densityb Filling lengthb Filling taperb Overall qualityb

Satisfactory Unsatisfactory Satisfactory Under Over Satisfactory Unsatisfactory Satisfactory Unsatisfactory

One (n=224) 99.1 0.9 73.2 24.6 2.2 95.5 4.5 71.9 28.1

Two (n=50) 98 2 74 24 2 96 4 72 28

Note: *Values given as percentage, unless otherwise indicated. Under, underfilled; over, overfilled. b = p>0.05.
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teeth, and the clinical diagnosis more prevalent in these 
teeth was pulp necrosis associated with periapical disease. 
There was no statistical association between root canal 
curvature and quality assessment criteria (p>0.05). 
However, all root canal fillings performed in curved roots 
and considered as unsatisfactory were underfilled (table 4).

Dental pulp necrosis was present among 65% 
(n=178) of analyzed teeth, in which 77% had periapical 
radiolucent lesion. A statistical association was found 
between clinical diagnosis and final RCT quality (p=0.018). 
There was a higher prevalence of unsatisfactory RCT in teeth 

Table 4. Root canal quality criteria accordantly to root curvature (n=274), Florianópolis (SC), 2018. 

Curvature

Quality assessment criteria*

Filling densityb Filling lengthb Filling taperb Overall qualityb

Satisfactory Unsatisfactory Satisfactory Under Over Satisfactory Unsatisfactory Satisfactory Unsatisfactory

Present (n=19) 100 - 73.7 26.3 - 100 - 73.7 26.3

Absent (n=255) 98.8 1.2 73.3 24.3 2.4 96.1 4.9 71.8 28.2

*Values given as percentage, unless otherwise indicated. Under, underfilled; over, overfilled. b = p>0.05.

presenting pulp necrosis without periapical disease, and 
the only quality assessment criteria graded as unacceptable 
in this group of teeth was filling length, in which the 
majority was classified as underfilled. No association was 
found between clinical diagnosis and individual quality 
assessment criteria (p>0.05).

The overall prevalence of unsatisfactory RCT in the 
sample was of 28.1% (n=77). The most common difficulty 
encounter by the students in RCTs was the length of the root 
canal filling in relation to the radiographic apex, assessed as 
unacceptable in 26.6% (n=73). Among these cases, 91.8% 

Figure 1. Distribution of unsatisfactory endodontic treated teeth (n=77) according to filling homogeneity, filling level, and shape after obturation – Florianópolis/

SC, 2018.
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(n=67) were underfilled canals and 8.2% (n=6) overfilled. 
Furthermore, six students performed RCT with more than 
one quality criteria classified as unsatisfactory (figure 1). 
There were not found direct radiographic evidence of 
procedural errors (e.g., perforations, transportations, 
ledges, and file separations) in this sample.

DISCUSSION

In this study sample, the overall quality of RCT 
was of 71.9%, which is higher than some studies reported 
[6, 16-18] and lower than others [10, 19]. A systematic 
review recently published concluded that the frequency 
of acceptable RCTs performed by undergraduate students 
varies according to teeth groups [15]. In our study, the 
technical quality for anterior teeth and premolars was 
higher than the estimated rates for these treatments 
performed by undergraduate students [15]. However, 
canines and premolars presented a lower final quality 
than incisors, which was related mainly to root canal filling 
length. 

Generally, students of the dentistry school of 

UFSC are not allowed to perform RCTs in molars, due to 

high difficulties that this group of teeth can present. This 

fact may have influenced the frequency of acceptable 

RCTs found in this sample since some studies reported a 

decrease in quality of the RCT in posterior teeth [8, 20, 21]. 

On the other hand, there are reports of a similar overall 

quality of RCT performed by undergraduate students in 

anterior and posterior teeth [12]. Some authors suggest 

that dental students should treat cases with minimal 

difficulty at the beginning of clinical practice, and treat a 
more considerable amount of teeth during the endodontic 
clinic [20].

Several studies in literature compare the quality 

of RCT performed by hand and rotatory/reciprocate 

instrumentation techniques [22, 23]. In our sample, all 

cases were performed by hand instrumentation. Usually 

automatized systems for endodontic instrumentation 

present a better quality assessment than hand instrumentation, 

especially when inexperienced operators perform RCT [21]. 

The implementation of new technologies in the endodontic 

education in UFSC dental school may help the achievement 

of even better quality rates of RCTs and, therefore, training 
more skilled and prepared students. 

The main issue regarding the quality of RCT 
performed by undergraduate students in our sample 
was the length of the filling material in relation with the 
radiographic apex, which in the majority of unsatisfactory 
cases was underfilled. We considered as satisfactory when 
the filling material was shorter than 2mm from the apex, 
which is the most acceptable in literature. Other studies 
report failures in root canal filling length as the central issue 
regarding RCT performed by undergraduate students [12]. 
Failure in the root canal filling length jeopardizes treatment 
outcome, influencing the re-intervention rates [2, 24]. 

Another factor that may have influenced the 
overall quality rate found in this study is the professor/
students rates, which was 1:10 in this sample. This rate 
is similar to USA and Scandinavian dental schools (1:9) 
[25], and lower than British (1:13) [13], German (1:16) [26] 
and Saudi (1:12) [27]. At the endodontic clinics of UFSC, 
students treat patients in pairs, therefore, the professor/
student rate decrease for 1:5, which is lower than reported 
in other studies [17, 25]. Considering that students in 
the dental school are acquiring knowledge for further 
professional activities, guidance in clinical procedures 
seems essential for developing appropriate skills and 
formations of more qualified professionals. In some 
occasions, postgraduate students supervise undergraduate 
students in endodontic procedures [28]. In our study, all 
supervision was performed by Ph.D. professors, which may 
have influenced the acceptable RCT’s quality rates.

According to European and Americans guidelines, 
dental undergraduate students need to be able to perform 
RCT in single-rooted teeth and teeth presenting multiple 
canals upon graduation. Several studies reported a decrease 
in RCT quality from teeth with single to teeth with multiple 
canals [8, 20, 21]. In this sample, the quality of RCT in teeth 
with one or two canals was similar. Moreover, no treatment 
was performed in molars, which may have influenced these 
results, since posterior teeth present a high difficulty in RCT 
for undergraduate students to perform. 

Root canal curvature was not frequent in our 
sample, only 7% of the teeth presented curvature. 
In which, the only criteria grade as unacceptable was 
underfilling that was present in approximately 23%. 
Some authors described that with the increase in difficulty 
there is also a decrease in the quality of RCT performed 
by undergraduate students [3, 16]. Root canal curvature 
may lead to challenges in instrumentation of all root 
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canal length, which may lead to further complications in 
RCT, even for experienced professionals [4]. Therefore, it 
is essential that professors in endodontic clinics supervise 
closely RCT performed in curved teeth, to avoid errors and, 
consequently, demotivation of the student.

Even though the acceptable treatment quality 
rate was high in this sample, it is essential to have in 
mind that not all procedure errors are detectable by 
radiographic examination. For example, extrusion of 
sodium hypochlorite beyond the apex can cause severe 
clinical sequelae and deserve particular attention [29]. 
Furthermore, as important as evaluating RCT’s quality, 
assessing treatment outcome may provide a better 
understanding of the effectiveness of undergraduate 
endodontic clinic teachings procedures [30].

CONCLUSION

The most frequent error present was in the length 
of the filling material in relation to the radiographic apex. 
Incisors had better quality assessment rates than canines 
and premolars. The high-quality rates found in this sample 
may be linked to the professor/student rates.
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