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Abstract
To clinically and radiographically evaluate the success of root canal treatments performed by undergraduate students. 65 patients 
were evaluated by performing follow-up consultations at a minimum period of 1 year after the root canal treatment was concluded. 
In the follow-up consultations, clinical and radiographic examinations were performed to evaluate the presence of fistula, oedema, 
painful symptomatology, tooth functionality, and coronary conditions. In addition, the initial, post-treatment, and follow-up radiographs 
were digitalised and analysed by two examiners. The radiographic follow-up criteria were classified into three categories: complete 
healing, incomplete healing, and treatment failure. For statistical data, logistic regression was used to assess the correlation of 
variables with treatment success, with a significance level of P < 0.05. Of the cases evaluated, 11.6% failed. Follow-up times ranged 
from 1 to 3 years. Of the clinical signs and symptoms, pain was most often present (28%), followed by fistula and tooth loosening 
(3% each). Multivariate logistic regression identified only five significant variables for treatment success: female gender, absence 
of periodontal ligament thickening, absence of lesion, absence of pain, and definitive restoration. The failure rate for root canal 
treatments performed by graduate students was low, but a longer follow-up is necessary to accompany incomplete healing cases.
Keywords: Endodontics; Root canal treatment; Success of endodontic therapy.

Resumo
Avaliar clínica e radiograficamente o sucesso dos tratamentos endodônticos realizados por estudantes de graduação. Foram avaliados 
65 pacientes realizando consultas de acompanhamento no período mínimo de 1 ano após a conclusão do tratamento endodôntico. 
Nas consultas de acompanhamento foram realizados exames clínicos e radiográficos nos quais foram avaliadas a presença de fístula, 
edema, sintomatologia dolorosa, funcionalidade dentária e condições coronarianas. Além disso, as radiografias iniciais, pós-tratamento 
e de acompanhamento foram digitalizadas e analisadas por dois examinadores. Os critérios de acompanhamento radiográfico foram 
classificados em três categorias: cicatrização completa, cicatrização incompleta e falha do tratamento. Para os dados estatísticos, 
utilizou-se regressão logística para avaliar a correlação das variáveis ​​com o sucesso do tratamento, com nível de significância de P < 
0,05. Dos casos avaliados, 11,6% falharam. O tempo de acompanhamento variou de 1 a 3 anos. Dos sinais e sintomas clínicos, a dor 
esteve mais presente (28%), seguida de fístula e mobilidade dentária (3% cada). A regressão logística multivariada identificou apenas 
cinco variáveis ​​significativas para o sucesso do tratamento: sexo feminino, ausência de espessamento do ligamento periodontal, 
ausência de lesão, ausência de dor e restauração definitiva. A taxa de insucesso nos tratamentos endodônticos realizados por 
estudantes de pós-graduação foi baixa, mas é necessário um período de acompanhamento mais longo para acompanhar os casos 
que envolvem cicatrização incompleta.
Palavras-chave: Endodontia; Tratamento de canal radicular; Sucesso da terapia endodôntica.

1 INTRODUCTION
Root canal treatment is a therapeutic procedure that 

eliminates or reduces the number of microorganisms and 
their by-products in the root system through chemical-me-
chanical preparation (CMP) and hermetic duct sealing. It 
thus allows the cure of pulpal and periapical pathologies.¹

When root system contamination is not treated, 
microorganisms involved in the infection process assault 

the periradicular region through enzymes, toxins, and cell 
debris through the apical foramen. 2 The response to this 
aggression is an inflammatory process (which occurs in 
the region) with posterior bone resorption. These cases 
are denominated periapical injuries, with abscesses, 
root cysts, and dental granuloma being the injuries that 
occur at the highest frequencies. 3-4 Lesion repair occurs 
when microorganisms are neutralised through root canal 
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treatment. In cases presenting a decrease in the lesion 
or its permanence, follow-up normally extends for up to 
4 years (recommended), after which root canal failure is 
considered. 5-6

Despite great advances in endodontics, the success 
of root canal treatment is still a continuing challenge. 7 
Treatment failures are closely related to Intra and ex-
tra-radicular biofilm, fillings, inadequate coronary sealing, 
anatomical complexities, and iatrogenic errors during 
procedures. 8 Werlang et al. report that the failure index of 
root canal treatment is about 15%, with root canal system 
(RCS) having bacterial persistence as the main cause. 9

The American Association of Endodontics 10 (1987) has 
established clinical and radiographic evaluation criteria 
for endodontic failure in which teeth that clinically present 
persistent symptomatology, recurrent fistulas or swelling, 
discomfort on palpation, or percussion, loosening, and 
marked bone loss are considered failures. For radiographic 
criteria, the thickness of the periodontal ligament, pres-
ence or increase of periapical rarefaction, unfilled spaces 
in the canal associated with periradicular lesions, absence 
of new hard lamina formation, and active resorptions are 
also considered. 10 Due to endodontic prognosis being by 
nature multifactorial, it is fundamental to realise clinical 
and radiographic control for a minimum period of 1 year 
or more according to need. 5

The operator’s clinical experience is another factor 
that influences the success of root canal treatment. Ac-
cording to Pietrzycka et al., the quality of treatment can 
differ between dental students, general practitioners, and 
endodontists; discrepancies are associated with different 
levels of knowledge, experience, and skill. 11 Thus, we see 
the extreme importance of evaluating the factors that 
influence root canal treatment outcomes when performed 
by undergraduate students to improve training and realise 
appropriate treatments.

Despite high success rates, root canal treatments 
still present failures due to low-quality treatment and/or 
lack of experience. This work aims to evaluate root canal 
treatment success rates in an undergraduate dental clinic.

2 METHODOLOGY

2.1 Ethical aspects
Upon approval by the research ethics committee, 

under the opinion of number 5,419,935, we analysed the 
medical records of patients who underwent root canal 
treatment at the undergraduate dental clinic of the IN-
TA-UNINTA University Center, Sobral, Ceará, Brazil, with 
a preservation time of 1 to 3 years.

2.2 Data collection
A total of 116 patients were selected in accordance 

with the research criteria, in which patients with com-
pleted root canal treatment and possessing well-devel-
oped initial and final radiographs, without stretching or 

shortening, with good clarity and no distortion, with a 
minimal follow-up time of 1 year, and who underwent root 
canal treatment in which single- and double-rooted teeth 
were included. Patients with medical records that were 
not properly completed, without the necessary clinical 
information to perform the research, or whose treatment 
was performed with mechanised instrumentation were 
excluded.

Selected patients were invited to the UNINTA clinic for 
a check-up on the treated tooth. Cases requiring dental 
interventions or presenting complaints were referred to 
the disciplines related to each need. Of these, 51 patients 
refused to attend the follow-up consultation, yielding only 
65 participants.

Sociodemographic data and information concerning 
the treatment performed with initial and final radiographs 
were collected from the medical records. During the 
follow-up examination, the presence of pain through per-
cussion and palpation tests, the presence of oedema and 
fistula, loosening, and the type of restoration (permanent/
temporary) were evaluated. After clinical examination, 
patients underwent periapical radiography with the use of 
Han Shin radiographic positioners (Maquira) and a Gnatus 
X-Ray, 70 kVp, 7 mA device with intraoral radiographic 
film Kodak E-Speed Film (Carestream), with exhibition 
averaging 0.63s. After the realisation of radiography, the 
film was processed at the clinic.

The initial and final radiographs of the treatment 
were already present in the patient’s medical record, and 
the follow-up radiographs were digitised, organised in a 
PowerPoint presentation (Microsoft Office Professional 
Plus 2016), and dated according to the medical record of 
each patient under evaluation.

The follow-up images were evaluated using Image J 
software by two evaluators (FLPV and LMAF), experienced 
specialists in endodontics, and duly calibrated regarding 
the prognosis of the root canal treatment performed. In 
cases of disagreement between the two evaluators, the 
radiographs were evaluated by a third evaluator (TAS).

Radiographic images were evaluated for the number 
of canals filled, dental complications present, periodontal 
thickening, presence and size of periapical lesions, apical 
filling limit, filling quality, and accidents and/or complica-
tions that may have occurred during treatment. As for the 
apical limit of obturation, Canto et al. classify obturation 
as incomplete when it is 2.0 mm or more below the ra-
diographic vertex and/or with empty spaces in the filling 
body and as overfilled when it is at the level of or beyond 
the radiographic vertex. 12

In the follow-up radiograph, periapical status was 
observed and classified as normal periodontal ligament, 
thickened periodontal ligament, or presence of periapical 
lesion. In addition, the presence of reabsorption was also 
evaluated. In cases of lesion, the larger diameter size was 
evaluated. Finally, the periapical status of the postop-
erative radiographs was compared with the follow-up 
radiographs according to the index proposed by Ng et 
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al.13 (2008) Three categories were used: complete heal-
ing, when the periodontal ligament space on the control 
radiograph appeared to be normal; incomplete healing, 
when there was a reduction in the size of the radiographic 
lesion, but the periodontal ligament space remained al-
tered; or treatment failure, when the periapical lesion had 
increased or remained unchanged, or if the periodontal 
ligament space had increased.

The data was organised into spreadsheets in the 
(Microsoft Office Professional Plus-2016) Excel program, 
and subsequently, descriptive statistical analysis with 
statistical percentage treatment was performed. Logistic 
regression was used to investigate the impact of demo-
graphics, clinical factors, and radiographic variables on 
the result (success/failure of the root canal treatment).

For logistic regression, variables were separated by 
age (≤ 40 years, or > 40 years), gender (female or male), 
restoration (definitive or provisional), ligament thickening 
(present or absent), periapical lesion (present or absent), 
pain (present or absent), and quality of the filling (final or 
provisional). Variables with statistical significance in the 
binary model were included in the multivariate model. 
The statistical significance level was established at P < 
0.05. The data were analysed using Microsoft Office Excel 
(Microsoft Corp., Redmond, WA, USA) and SPSS (SPSS Inc., 
Chicago, IL, USA) software.

3 RESULTS
One hundred ninety root canal treatments were 

identified from the medical records survey. After applying 
the inclusion and exclusion criteria, 161 treatments were 
included. Forty-five were excluded due to the patient’s 
inability to attend the follow-up consultation or loss of 
contact.

A total of 65 treatments were evaluated in the fol-
low-up consultation, of which 41 (63%) were front teeth 
and 24 (37%) premolars. Five teeth (8%) were absent and 
thus excluded from analysis. The motives for dental losses 
were unclassified, as patients often look for treatment 
outside the University. From the clinical and radiographic 
results evaluated, the failure rate for root canal treat-
ments performed by undergraduate students was 11.6% 
(7 teeth). The sampling was performed by convenience 
without pre-sample calculations. However, power was 
calculated post hoc from the regression logistics analysis 
R2 = 0.7157, with 16 predictors, one sample size n=60, 
and an error probability of 0.05, yielding a sampling 
power of 99%.

The initial clinical, radiographic, and demographic 
characteristics of the sample (n = 60) and the failure pro-
portion for each category are described in Table 1. There 
was no significant difference between the age groups 
evaluated, and men presented more failures than women, 
both proportionately and with a significant difference. 
Anterior teeth canals corresponded to 65% (n = 39) of 
the canals evaluated, and of these, 5 (12.8%) presented 

failures. As to the type of treatment, all teeth presenting 
failure also presented necrotic pulp upon initial assess-
ment, and together with thickened periodontal ligament 
and periapical lesion failures, reached 40% and 8.3%, 
respectively, with a significant difference (P < 0.05) in 
relation to the teeth with normal periodontal ligament. 
During root canal treatment, there were 4 accidents (3 
fractured instruments and 1 root perforation).

Table 1 - Characteristics of endodontically treated teeth and 
those with failure

Variables
Endodontically 
treated teeth

N = 60

Failed endo-
dontically 

treated teeth 
N=7

P value

Age
≤ 40 years 33 (55%) 4 (12%)
> 40 years 27 (45%) 3 (11,1%)
Sex
Female 41 (68,3%) 4 (9,7%)
Male 19 (31,6%) 3 (15,7%)
Dental group
Anterior 39 (65%) 5 (12,8%)
Premolar 21 (35%) 2 (9,5%)
1 conduit 13 (21,6%) 2 (15,3%)
2 conduit 8 (13,3%) 0 (0%)
Dental arch
Maxillary 52 (86,6%) 7 (13,4%)
Mandibular 8 (13,3%) 0 (0%)
Type of treatment
Biopulpectomy 10 (16,6%) 0 (0%)
Necropulpectomy 50 (83,3%) 7 (14%)
Periapical condition
Normal PL* 14 (23,3%) 0 (0%)
Widened PL* 10 (16,6%) 4 (40%) P < 0.006
Periapical lesion 36 (60%) 3 (8,3%)
Initial lesion diameter
< 5 mm 18 (28,3%) 2 (11,1%)
5-10 mm 13 (23,3%) 1 (7,6%)
>10 mm 5 (8,3%) 0 (0%)
Iatrogenic
Fractured instru-
ments

3 (5 %) 1 (33,3%)

Root perforation 1 (1,6 %) 0 (0%)
* Values are presented as number of elements (%). Fisher’s exact test 
was used to test the association between variables and the proportion 
of failure (P<0.05).

The clinical and radiographic follow-up data are ar-
ranged in Table 2, with preservation times ranging from 
1 year to 3 years and 2 months. Of the clinical signs, pain 
was the most common (28%), followed by fistula and loos-
ening (3% each). Most teeth presented permanent crown 
restoration (75%). In radiographic follow-up, 45% of the 
teeth presented complete healing, followed by incomplete 
healing (43.3%), and radicular resorption was found in 3 
teeth (5%), of which 1 treatment failed.



Clinical and radiographic evaluation of root canal treatments performed
by undergraduate students

191Rev. Ciênc. Méd. Biol., Salvador, v. 24, n. 1, p. 188-196, jan./abr. 2025

Table 2 – Clinical and radiographic data of the teeth evaluated 
in the follow-up

Variables Endodontically 
treated teeth

N = 60
Proservation time
≤ 2 years 49 (81.6%)
> 2 years 11 (18.3%)
Clinical signs
Edema 1 (1.5%)
Fistula 2 (3%)
Mobility 2 (3%)
Pain 18 (28%)
Horizontal percussion 14
Vertical percussion 14
Palpation 0
Chewing 4
Spontaneous 0
Coronary condition
Definitive restoration 45 (75%)
Fixed prothesis 2 (3.3%)

Temporary Restoration 13 (21.6%)
Proservation
Full repair 1 27 (45%)
Incomplete repair 2 26 (43.3%)

Treatment failure 3 7 (11.6%)
Evidence of root resorption 3 (5%)
¹ when the space on the LP presents an appearance of normality. ² 
when there was a reduction in the size of the radiographic lesion, 
but the periodontal ligament space remained altered. ³when the 
injury periapical increased or remained unchanged, or if space of 
periodontal ligament increased. *Values are presented as number 
of elements (%).

It was noted that the majority of cases presenting 
flaws arose from the quality of the compromised filling. 
Of the teeth presenting incompletely filled canals, 23% 
presented failure, while 11.1% of the teeth with overfilled 
root canals also failed. The apical limit in filling presented 
no significant correlation to treatment success, however, 
on the apical limit x success curve, we observed that the 
teeth presenting satisfactory apical limit also presented a 
greater chance for treatment success (Figure 1A).

Figure 1 - Curves in trend for variables versus success of treatment 

IC= 95%; Significant P <0.05; *<0.05; **<0.01; P calculated using binary and multiple logistic regression; OR = Odds Ratio
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Table 3 presents the association between periapical 
status at the end of root canal treatment and upon the 
follow-up consultation. The teeth with normal periodon-
tium ligament on postoperative radiographs, 3 teeth 
with an initial diagnosis of necrosis (21.4%) developed 

signs of apical periodontitis. Of the elements presenting 
apical periodontitis established in the postoperative ra-
diography, 7 (19.4%) presented healing at follow-up, 25 
(69.4%) continued with periapical changes, and 4 (11.1%) 
presented treatment failure.

Table 3 - Association of status periapical of treatment final with to the x-rays in follow-up (n = 60).

Condition initial peria-
pical

(N= 60)
1-2 years > 2 years Value in P

Repair 
complete

Repair 
Incomplete Failure Repair 

complete
Repair 

Incomplete Failure

Normal periodontium 
ligament
(n= 14)

9 (64.2%) 0 (0%) 3 (21.4%) 2 (14.2%) 0 (0%) 0 (0%)
0.0172*

Periodontal ligament ticke-
ning (n= 10) 8 (80%) 1 (10%) 0 (0%) 1 (10%) 0 (0%) 0 (0%)

Lesion ≤ 5mm (n=18) 2 (11.1%) 8 (44.4%) 2 (11.1%) 2 (11.1%) 3 (16.6%) 1 (5.5%) 0.3580
Lesion 5-10 mm (n=13) 3 (23%) 8 (61.5%) 1 (7.7%) 0 (0%) 1 (7.7%) 0 (0%) 0.7617
Lesion >10 mm (n=5) 0 (0%) 2 (40%) 0 (0%) 0 (0%) 3 (60%) 0 (0%) >0.999

CI = 95%; P significant <0.05; *<0.05; P calculated through logistic regression.

When initial periapical conditions were evaluated, 
periodontal ligament thickening presented a significant 
correlation to treatment success (P = 0.0172). Teeth with 
an absence of periapical thickening tended to present 
greater treatment success (Figures 1B and 1C).

Table 4 - Association of clinical and radiographic conditions 
of follow-up

Radiographic condition

Clinical condition Complete
repair (n=27)

Incomplete 
repair (n=26) Failure (n=7) P value

Vertical percussion
Being Absent

9 (33.3%)
18 (66.6%)

2 (7.6%)
24 (92.3%)

3 (42.8%)
4 (57.1%)

0.0106*

Horizontal percussion
Being Absent

9 (33.3%)
18 (66.6%)

2 (7.6%)
24 (92.3%)

3 (42.8%)
4 (57.1%)

0.0446*

Chewing
Being Absent

1 (3.7%)
26 (96.3%)

2 (7.6%)
24 (92.3%)

1 (14.2%)
6 (85.7%)

0.1570

Palpation 0 (0%) 0 (0%) 0 (0%) -

Spontaneous 0 (0%) 0 (0%) 0 (0%) -

Edema
Being Absent

0 (0%)
27 (100%)

1 (3.7%)
25 (96.2%)

0 (0%)
7 (100%)

0.5468

Fistula
Being Absent

0 (0%)
27 (100%)

2 (7.4%)
24 (92.5%)

0 (0%)
7 (100%)

0.0313*

Mobility
Being Absent

1 (3.7%)
26 (96.2%)

1 (3.7%)
25 (96.2%)

0 (0%)
7 (100%)

0.4995

Coronary structure
Definitive restoration
(n = 45)

22 (48.8%) 19 (42.2%) 4 (8.8%)

Temporary Restoration
(n=13)

5 (38.4%) 6 (46.1%) 2 (15.3%) 0.0443*

Fixed prothesis
(n=2)

0 (0%) 1 (50%) 1 (50%)

Table 4 presents the association of the clinical con-
dition at follow-up with the apical control. We observe 
that teeth with treatment gaps presented more pain on 
percussion (42.8%) and during chewing (14.2%) when 
compared to teeth with complete or incomplete healing. 
Teeth that presented oedema (n=1) and fistula (n=2) pre-
sented incomplete healing as their periapical status. None 
of the failed teeth presented oedema, fistula, loosening, or 
pain on palpation. As to coronary conditions, we observed 
that teeth presenting complete healing were (largely) 
definitively restored. Teeth with provisional restoration 
presented 15.3% failure.

Analysing Table 4, we can see that the variables 
of vertical percussion (P=0.01), horizontal percussion 
(P=0.04), fistula (P=0.03) and coronary structure (P=0.04) 
present significant correlations with treatment success. 
In the trend curves, it is evident that a greater tendency 
towards success occurred in cases absent of pain (Figure 
1D) and in cases involving definitive coronal restoration 
(Figure 1 AND).

Binary and multivariate regression logistics analyses 
(between root canal treatment success and other vari-
ables) are presented in Table 5. In the multivariate model, 
patient gender, type of restoration, periodontal ligament 
thickening, and presence of injury or pain all had signifi-
cant influence on treatment success. In the binary model, 
the type of restoration, periodontal ligament thickening, 
and pain presented marked influences. Of the analysed 
variables, only age and quality of filling presented no as-
sociation with treatment success, although, in the trend 
curves, it is observed that patients younger than 40 years 
who received satisfactory obturation also trended towards 
treatment success (Figures 1A and 1F).
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Table 5 – Analysis in regression logistics binary it is multivariate 
in between success endodontic it is others variables

Variable P binary OR P multiple OR
Age (<40 years 
old / >40 years 
old)

0.3890 0.5833 0.0805 30.95

Sex (Male/Fe-
male)

0.1210 0.9000 0.0190* 0.02849

Restoration 
(Definitive/Tem-
porary)

0.0443* 2.167 0.0106* 78.77

Periodontal liga-
ment tickening 
(Yes/No)

0.0172* 0.9000 0.0416* 0.0002412

Presence of 
lesion (Present/
Absent)

0.5291 1.111 0.0242* 6.7919

Obturation qua-
lity (satisfactory/
unsatisfactory)

0.0803 2.167 0.8432 1.379

Pain (Present/
Absent)

<0.0001** 2,800 0.0055** 0.0006731

CI = 95%; P significant <0.05; *<0.05; **<0.01; P calculated through 
binary logistic regression and multiple; OR = Odds Ratio.

4 DISCUSSION
The success of root canal therapy can be influenced 

by factors ranging from the clinical presentation of the 
patient, adequate disinfection of the root canals, the 
quality of the obturation, adequate coronal sealing, and 
even operator experience. 14-15 Our study aimed to evaluate 
clinical and radiographic results of root canal treatments 
performed by undergraduate students. A failure rate of 
11.6% was found. This corroborates other findings in the 
literature, which report a failure rate incidence of between 
10 and 15%. 16-17

In this study, radiographic criteria were used to 
consider treatment failure, that is, teeth with increased 
or unchanged periapical lesions or those presenting 
increased periodontal ligament space. The multivariate 
logistic regression identified only five significant variables 
for treatment success: gender, periodontal ligament thick-
ening, injury, pain, and type of restoration.

Age did not present a significant difference in treat-
ment success. For gender, being female significantly 
positively impacted root canal treatment success. Some 
studies have presented similar results. 18-19

By tooth group, the anterior teeth (n=5) presented 
more failures than premolars (n=2). This diverges from 
certain studies that presented a 96% success rate for 
anterior teeth (evaluating all tooth groups) and an error 
frequency of only 19.2%. 17-20.21 In addition, all of the 
failures occurred in teeth in the upper arch, similar to 
the results of Eusayde et al., finding that 62.7% of inade-
quate treatments occurred in the maxilla. 22 The maxillary 
location requires greater operator dexterity, both for 
viewing and handling endodontic instruments; it is thus 

more susceptible to errors, especially when treated by 
undergraduate students. 23-24

In this study, iatrogenic mistakes presented a rate of 
5% for instrument fractures and 1.6% for root perforation. 
Studies report the incidence of instrument fracture in the 
undergraduate clinic at from 1% to 9.2% and for perfora-
tion at 17.6%. 25-26, 27, 28

Iatrogeny may occur due to procedural failures or in-
appropriate use of an endodontic instrument. 8 Procedural 
errors may impede control and prevention of intra-canal 
infection and can thus result in root canal failure. 29-30 Of 
the 4 complications reported, 3 were instrument fractures, 
which led to 1 failure (33.3%) and 1 perforation (which 
did not lead to failure). The error detected presented 
pain on percussion and palpation, with the formation of 
a periapical lesion. In such cases, there is an unfavourable 
prognosis, principally if no one manages to remove the 
fragment and prevent RC infection. This leads to treatment 
failure. Successful root perforation treatments depend 
upon immediate treatment of the defect, relative ease of 
access, and the use of suitable repair material. 29

Proper disinfection of root canals can be challenging, 
especially when dealing with necrotic teeth with apical 
periodontitis (AP) appearing prior to treatment; the nature 
and extent of the infection is much greater than healthy 
teeth 31 In the present study, thickening of the periodontal 
ligament and periapical lesion had a significant influence 
on treatment success. It was observed that all teeth with 
failures presented periapical alterations, similar to other 
studies. 13-32.33

Numerous bacterial species have been detected in 
infected root canals, and elimination is difficult. This 
results in persistent root canal infection and therapy fail-
ure. 8 In this study, 21.4% of the teeth presenting normal 
periodontal conditions upon initial radiography presented 
periapical changes at follow-up. We believe that aseptic 
failure during the treatment stages or deficiency in chem-
ical-mechanical preparation and canal sealing culminated 
in the development of apical periodontitis.

Another factor relevant to treatment success is 
the apical obturation limit, which, as a prerequisite for 
maintaining periapical health and successful root canal 
treatment, must be between 0.5 to 1.5 mm short of the 
apical foramen. 34-35 In this study, there was a higher failure 
rate for teeth that were either incompletely filled (23%) 
or overfilled (11.1%). Other studies have also reported 
these findings. 36-37

In view of this, inadequate root canal filling generally 
presents a lower healing rate, 38 because when below the 
ideal limit, apical sealing is more likely to be affected by 
microorganisms, and consequently, biological healing 
conditions become unfavourable. Further, if obturation 
is performed beyond this limit, the obturation materials 
can act as a foreign body, inducing inflammatory reac-
tions. 13-39.40
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The absence of pain was a significant variable for root 
canal treatment success in both the binary and multivari-
ate tests. In relation to the pain type, pain upon percussion 
was found in 18 teeth (28%), with only 3 cases of failure. 
Teeth presenting sensitivity to percussion without other 
signs/symptoms, periapical radiolucency, or incomplete 
healing were not considered “failures”. Percussion sensi-
tivity is not a pathognomonic sign of apical periodontitis 
since it can often be associated with traumatic occlusion 
or periodontal illness. 39-41 The presence of oedema and 
fistula after treatment reveals the infectious process, and 
according to the American Association of Endodontics 
(AAE), 10 (1987), is one of the factors that leads to treat-
ment failure. 10

As for the type of coronal sealing, the quality of the 
restoration directly affects root canal treatment success. 
42-44 In our study, the presence of a definitive restoration 
was relevant to treatment success since most of the 
teeth that presented complete healing were definitively 
restored. Of teeth with provisional restorations, more than 
60% presented permanent damage. Maslamani, Khalaf, 
Mitra 37 (2017) report that inadequate coronary sealing is 
associated with a higher prevalence of periapical lesion. 
37 Failures involving definitively restored treatments can 
be explained by inefficiencies in cleaning, shaping, or 
conduit filling. 19

A limitation of this study was the length of follow-up, 
which was from 1 year to 3 years and 2 months, with an 
average of 1.6 years. To determine treatment failure, the 
European Society of Endodontology 5 (2006) recommends 
a follow-up time of up to 4 years for cases of incomplete 
healing. 5 In this study, incomplete healing was observed 
more often in teeth with an established periapical lesion 
and in cases evaluated within the 2-year follow-up period.

Another limitation of the study was the use of con-
ventional radiography to assess treatment success. Due 
to the two-dimensional nature of the image, the accu-
racy of this examination is affected, and it may present 
overlapping and geometric distortion.45 In addition, the 
lack of standardisation in the execution of the treatments 
evaluated must be taken into account. Even though there 
is an established university protocol for performing root 
canal treatment, the students, in addition to being guided 
by different professors, presented different levels of skill 
and clinical training.19

Our study evaluated root canal treatment success 
using both clinical and radiographic evaluation during 
check-ups. This allowed for treatment success evaluations 
in accordance with pre-established European Society of 
Endodontology 5 (2006) criteria. The criteria include the 
absence of painful symptomatology with palpation and 
percussion, the absence of a fistula, the absence of oe-
dema and infection signals, normal periodontal ligament 
space, and the elimination of periradicular bone rarefac-
tion. Compared to other studies found in the literature, 
which performed only radiographic evaluation 5,46-48, this 
represents an advantage.

Finally, we emphasise that follow-up of patients 
after treatment is extremely important to assess both 
periapical health and the patient´s clinical conditions. This 
makes it possible to identify if there is a need or not to 
intervene. In addition, during these queries, it is possible 
to assess oral health while allowing both adaptations and 
instructions concerning improved oral hygiene. During 
the data collection for this study, evaluations were per-
formed, and patients were forwarded to the school clinic 
to realise further procedures in accordance with their 
needs. Follow-up enables teachers to analyse results 
and develop new teaching methods, thus improving the 
teaching-learning process.

5 CONCLUSION
In conclusion, we observed a root canal treatment 

failure rate of 11.6% when performed in an undergrad-
uate clinic. It is extremely important to perform case 
follow-ups to evaluate the quality of the treatment and 
the patient’s periapical health and improve the teach-
ing-learning process.

Factors determining treatment success, sex, peri-
apical status, pain, and coronary condition, were also 
considered. However, given our limitations, we suggest 
implementing new studies using a longer time period to 
monitor and better standardise the assessment criteria.
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