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INTRODUCTION
Non-surgical endodontic treatment 
is a therapeutic procedure per-
formed to prevent or treat diseases 
of the dental pulp and periapical tis-
sues, thereby retaining the function 
of the treated tooth. The abovemen-
tioned goal is based primarily on 
proper debridement, shaping and 
final obturation of the root canal 
system, as well as satisfactory coro-
nal restoration (1).

The outcomes of non-surgical root 
canal treatments have been inves-
tigated in several studies over the 
past decades. However, there are 
few quality studies available evalu-

ating the endodontic outcome (2). Moreover, the results of these studies vary considerably due 
to differences in items such as the composition of the study material (sample size, sample char-

•	 The success rate of non-surgical endodontic treat-
ments performed in a Greek dental school was 
72.8%.

•	 The pre-operative periapical status, technical vari-
ables of root fillings (apical extension, density) and 
root type were regarded as significant prognostic 
factors of the outcome.

•	 Correlating the treatment outcome with the pre-
operative periapical status, the apical extension 
and the density of the root fillings, roots with root 
fillings extending 0-2 mm from the radiographic 
apex and without voids, irrespective of the pre-op-
erative periapical status, revealed the highest suc-
cess rates.
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Objective: To evaluate the outcome of initial endodontic treatments performed by undergraduate students 
in a Greek dental school and to determine the factors that may impact the treatment outcome.
Methods: From a randomly selected sample of 677 non-surgical endodontic treatments performed between 
2012 and 2015, follow-up appointments were scheduled with patients whose dental records matched the 
inclusion criteria. After clinical and radiographic examination, the treatment outcome was classified as ‘suc-
cess’ (healed/healing) or ‘failure’ (uncertain/unsatisfactory healing). The statistical analysis of the data was 
performed using generalized estimating equations. Intra-examiner and inter-examiner agreements were 
checked with the intraclass correlation coefficient and with Cohen’s kappa. The statistical significance level 
was set at P<0.05.
Results: A total of 244 teeth (349 roots) were included for further analysis, and the mean follow-up period 
was 2.8 years. Overall, the success rate for the treated roots was 72.8%. Μultivariate analysis revealed four 
decisive factors as having a positive impact on the outcome, namely, the absence of voids within the root 
fillings (P<0.001), the absence of pre-operative periapical lesions (P=0.001), the extension of the root filling 
material by 0-2 mm from the radiographic apex (P<0.001) and the root type (anterior roots: P=0.015 and pre-
molar roots: P=0.011). The association of gender, arch, pulp status and type of coronal restoration with the 
outcome was not statistically significant (P>0.05). Moreover, when the outcome according to pre-operative 
periapical status and the technical variables of root fillings (apical extension and density) was investigated, 
roots without periapical lesion, with a root filling material extended 0-2 mm within the apex and without 
voids revealed the highest success rate (94.5%).
Conclusion: The success rate of non-surgical endodontic treatments performed in a Greek dental school 
was in the range of those reported in other studies. The pre-operative periapical status, technical variables 
of root fillings (apical extension and density) and root type were regarded as significant prognostic factors 
of the outcome.
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1) Non-surgical root canal treatments of single-rooted and
multi-rooted permanent teeth.

2) Treatments performed by undergraduate students

3) Fully detailed case history sheets accompanied by pa-
tient’s written consent to perform endodontic treatment
and a full set of periapical radiographs of good diagnostic
value (initial, working length, master cone and post-obtu-
ration)

4) Patients older than 18 years at the time of treatment

5) Patients without systemic diseases such as diabetes (type I 
or II) or HIV

 Following this evaluation procedure, 173 endodontic cases 
were excluded from the study (33 retreatment cases, 129 end-
odontic cases with radiographs of poor diagnostic value, 5 cas-
es referred to the Postgraduate Clinic, 4 patients younger than 
18 years and 2 patients with diabetes type II). As a result, 677 
cases corresponding to 507 patients were deemed appropri-
ate and at least three phone calls per patient were performed. 
Of these 507 patients, 159 patients with 286 endodontically 
treated teeth eventually presented for follow-up examination. 
The remainder of the patients and the reasons for them not 
attending are listed in Table 1.

All of the procedures were performed after receiving approv-
al from the Ethical Committee of the School of Dentistry, Uni-
versity of Thessaloniki, Greece (protocol number 13/1-2-2017) 
and informed consent was provided by each patient.

Initial root canal treatment protocol
All of the root canal treatments were performed by undergrad-
uate students under the supervision of a faculty member fol-
lowing the same treatment protocol. After consideration of the 
medical and dental histories of each patient, local anaesthesia 
was administered if needed. Then, rubber dam isolation was 
applied in all of the cases in order to obtain aseptic conditions. 
After the establishment of a straight line access, the working 
length was determined by an intermediate radiograph insert-
ing a K-file in each root canal. The step back technique was 
used for the instrumentation of each root canal, using stainless 
steel K–files of a 0.02 taper (Kerr Sybron, Rumulus, MI, USA). Na-
OCl (2.5%) was used as an irrigation solution while in calcified 
root canals Rc-Prep paste (Premier Dental Products Comp. Nor-
ristown, Philadelphia, USA) was also used. Calcium hydroxide 
paste was used as intracanal medicament between appoint-
ments. The root canals were filled with gutta-percha cones and 
an epoxy resin-based root canal sealer (ADSeal, Meta Biomed, 

as the composition of the study material (sample size, sample 
characteristics, and case selection criteria), treatment protocol 
(treatment providers, equipment, root canal preparation and 
obturation techniques, coronal restoration) and methodology 
(follow-up period, outcome assessment methods, definition of 
success/failure, statistical analysis).

The prognostic factors affecting the outcome of initial end-
odontic treatment are also of great interest. Previous studies 
have identified periapical status as one of the most decisive 
pre-operative factors influencing the outcome (3, 4), while 
others have investigated the impact of coronal restoration and 
technical quality of root fillings on the treatment outcome (5, 
6).

Despite the establishment of definite guidelines for high-qual-
ity endodontic treatment (7), a large number of general dental 
practitioners still lack the knowledge of basic principles and 
factors related to the outcome of endodontic treatment (8). 
Moreover, unsatisfactory periapical healing has been associat-
ed with poor-quality root canal fillings in many studies during 
the previous decade (9, 10). These facts prompted the Euro-
pean Society of Endodontology to publish the Undergraduate 
Curriculum Guidelines for Endodontology (11). Also a number 
of studies have investigated the effectiveness of undergradu-
ate students’ clinical training in dental schools, evaluating ei-
ther the outcome of non-surgical root canal treatments (12-14) 
or the technical quality of root canal fillings (15-17).

In Greece, to date, there have been two studies that assessed 
the technical quality of root fillings by radiographic criteria (15, 
17), while there have been no published reports evaluating the 
outcome. Thus, the present study was the first to evaluate the 
outcome of non-surgical endodontic treatments completed 
by undergraduate students in the Clinic of the Department of 
Endodontology at Aristotle University of Thessaloniki between 
2012 and 2015; the impact of pre-operative, intra-operative 
and post-operative factors on the outcome of the above-refer-
enced treatments was also investigated.

MATERIALS AND METHODS

Sample size calculation
The sample size calculation of this retrospective study was 
based on the findings of a pilot study that analysed the associ-
ation between the success rate of the treatment and periapical 
lesion status (healthy or not healthy). The overall success rate 
was 67.3% (41/61), and the odds ratio of health vs. disease was 
3.1. Applying the previous values and setting the alpha error 
probability equal to 0.05 and power equal to 0.8 in the logistic 
regression model of the software G*Power 3.1.9.2 (18), the ap-
propriate sample size was calculated, which was equal to 209 
teeth.

Study population
Case history sheets from 850 endodontic cases performed by 
undergraduate students between 2012 and 2015 were ran-
domly selected and initially evaluated according to the follow-
ing inclusion criteria:

TABLE 1. The reasons for eligible patients not attending the fol-
low-up examination

Reason for not attending	 Number of patients

Impossible communication	 157
Relocation 80
No interest	 40
Dissatisfied 71
Overall 348
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odontitis. Moreover, the root filling of each root was assessed 
in terms of the apical extension and density of the filling mate-
rials. When a root had more than one root canal, the canal with 
the worst root filling quality was considered. Table 2 shows the 
categories for each technical parameter in which a root filling 
could be classified.

Outcome assessment
Radiographic and clinical criteria were used to classify the out-
come in two categories:

A) Success: i) healed, absence of radiographic signs of apical
periodontitis (PAI score <3) and no clinical signs other than
tenderness to percussion and no symptoms

ii) incomplete healing (for cases with <3 years follow-up pe-
riod), reduction in the size of periapical lesion but not com-
pletely resolved with no clinical signs other than tenderness to 
percussion and no symptoms

Cheongju, Korea) using the cold lateral condensation tech-
nique. All of the conventional radiographs were exposed using 
the bisecting-angle technique. 

Clinical and radiographic follow-up examination
Two clinicians (NP and KS both postgraduate students) pro-
ceeded to perform clinical and radiographic examinations. The 
following features were recorded: i) presence of discomfort, 
pain, swelling, sinus tract or crown fracture, ii) measurement of 
the pocket depth, iii) palpation of the surrounding tissues, and 
iv) results from a percussion test.

Follow-up radiographs taken with the parallel technique were 
digitally obtained with photostimulable phosphor plates us-
ing DIGORA OPTIME DXR-60 (Soredex Tuusula, Finland). The 
conventional periapical radiographs (pre, post-obturation) 
were digitalized and were recorded together with the fol-
low-up images of each tooth in files and saved in the local disc 
of a computer.

Calibration procedure
Initially, the two assessors (NP and GM assistant professor) 
were calibrated by discussing and assessing some selected 
cases that were not included in this study. Furthermore, as 
part of the calibration procedure, 87 randomly selected cases 
included in the study were evaluated by each assessor for a 
second time after one month, and both the intra-examiner and 
inter-examiner agreements were checked.

Periapical status and quality of root filling assessment
The two examiners independently examined the periapical 
status and technical quality of root fillings in a darkened room 
and recorded their answers in an evaluation form. Root was 
considered the evaluation unit. The evaluation procedure was 
composed of three sessions. Each session lasted no more than 
60 minutes. The digital images (the pre-operative, post-obtu-
ration and follow-up radiographs) were imported in Scanora 
software (SOREDEX Tuusula, Finland) and the option of mea-
suring the distance between the end of the root filling mate-
rial and the radiographic apex was provided to the examiners. 
No manipulation of the images and no use of the brightness 
or contrast tools of the programme were allowed. In cases in 
which the two examiners disagreed (42 roots for periapical 
status, 40 roots for apical extension and 33 roots for presence 
of voids), they met with a third examiner (KL), and the radio-
graphs were re-evaluated until a consensus was reached. 

The Periapical Index (PAI) (19) was used to assess the periapical 
condition of each root both at the baseline and the follow-up 
appointment. PAI score <3 signified absence of apical peri-
odontitis while PAI score ≥3 signified presence of apical peri-

TABLE 2. A summary of the parameters used to evaluate the technical quality of the root fillings

Parameter Categories

Apical extension	 1) The filling material ends 0-2 mm short of the radiographic apex
2) The filling material ends more than 2 mm from the radiographic apex (under-filled)
3) The filling material was extruded beyond the radiographic apex (over-filled)

Density	 1) No voids are present within the material and between the material and root canal walls
2) Voids are present within the material or between the material and root canal walls

Figure 1. a-b. Images of a mandibular right first premolar classified as 
“healed” following endodontic treatment. (a) The post-operative radio-
graph shows periapical radiolucency around the apex. (b) The 4-year fol-
low-up radiograph shows complete resolution of periapical radiolucency

a b

a b

Figure 2. a-b. Images of a mandibular right first molar following end-
odontic treatment. The tooth was symptomatic at the follow-up ap-
pointment and both roots were classified as unsatisfactory healing. (a) 
The post-operative radiograph indicated periapical radiolucency in both 
roots. The mesial root revealed perforation of the apical third. (b) The 
3-year follow-up radiograph showed that periapical radiolucency was
still present in the distal root, with signs of external inflammatory root
resorption. The periapical radiolucency in the mesial root increased in size
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aminer agreement showed an ICC=0.877. The kappa scores 
for intra-examiner agreement for the apical extent variable 
were 0.907 and 0.915 and 0.881 for inter-examiner agreement. 
The kappa scores for intra-examiner agreement for the voids 
were 0.891 and 0.872, and the kappa score for the inter-exam-
iner agreement was 0.951. Finally, the intra-examiner agree-
ments for the follow-up PAI score variable were ICC=0.881 and 
ICC=0.852, and the inter-examiner agreement for this variable 
was ICC=0.876. Kappa scores greater than 0.8 (21) and ICC 
scores between 0.75 and 0.9 (22) indicate good agreement.

Treatment outcome
A total number of 159 patients with 286 teeth were presented 
to the follow-up appointment. However, 42 out of 286 teeth 
were not included in further analyses (11 teeth without per-
manent restoration, 7 extractions due to periodontal disease, 
19 extractions for prosthetic considerations, 5 extractions due 
to complications/discomfort) resulting in a final sample of 133 
patients with 244 teeth (349 roots).

The follow-up periods ranged from 2 to 5 years, and the mean 
follow-up period was 2.8 years (SD=0.7 years). According to the 
assessment criteria, 245 roots (70.2%) were classified as healed 
and 9 roots (2.5%) underwent incomplete healing, constitut-
ing a group of 254 roots (72.8%) with favourable outcome (suc-
cess). In contrast, 89 roots (25.5%) showed unsatisfactory heal-
ing, and 6 roots (1.7%) showed uncertain healing, constituting 
a group of 95 roots (27.2%) with unfavourable outcome (fail-

B) Failure: i) uncertain healing, no radiographic sign of reduc-
tion in the size of periapical lesion with no clinical signs/symp-
toms

ii) unsatisfactory healing, development of a new periapical
lesion or increase in size of an existing lesion or presence of
clinical signs/symptoms

Examples of the treatment outcomes are represented in Fig-
ures 1 and 2.

Statistical analysis
The statistical analysis of the data was performed using gen-
eralized estimating equations (20) in SPSS software (IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp). 
The results were given as the odds ratio (OR) with the 95% con-
fidence interval, and pairwise comparisons were performed 
with the sequential Bonferroni method. Additionally, the in-
tra-examiner and inter-examiner agreements were studied 
with the ICC for numeric-ordinal data and Cohen’s kappa for 
nominal data. The statistical significance was set at p<0.05.

RESULTS

Intra-examiner and inter-examiner agreement
The intra-examiner agreement for the pre-operative PAI score 
variable showed an ICC=0.805 and ICC=0.895, and the inter-ex-

TABLE 3. The results of univariate analysis of prognostic factors related to the success rate of treatment

Factors	 No. of roots	 Success	 OR	 95% CI	 Wald χ2 df p-value

Pre-operative							
Gender							

Male	 164	  119 (72.6%)	 1.00	 0.6 - 1.6	 0.007	 1	 0.931
Female	 185	 135 (73%)	 1.00				

Arch							
Maxillary	 212	 163 (76.8%)	 1.6	 1.0-2.7	 4.557	 1	 0.033
Mandibular	 137	 91 (66.4%)	 1.00				

Root type							
Anterior	 98	 83 (84.7%)	 3.6	 1.9 - 6.8	 15.258	 1	 <0.001
Premolar	 98	 78 (79.6%)	 2.5	 1.4 - 4.5	 9.435	 1	 0.002
Molar	 153	 93 (60.8%)	 1.00		 .		 .	

Pulp condition							
Vital	 149	 119 (79.9%)	 1.9	 1.2 - 3.1	 6.488	 1	 0.011
Non-vital	 200	 135 (67.5%)	 1.00				

Periapical lesion							
Absent	 227	 181 (79.7%)	 2.6	 1.6 - 4.3	 15.37	 1	 <0.001
Present	 122	 73 (59.8%)	 1.00				

Intra-operative							
Apical extension							

0-2 mm	 176	 153 (86.9%)	 2.7	 1.0 - 7.3	 4.034	 1	 0.045
>2 mm 149	 84 (56.4%)	 0.5	 0.2 - 1.4	 1.738	 1	 0.187
Overfilling 24	 17 (70.8%)	 1.00		 .		 .	

Voids							
Absent	 251	 209 (83.3%)	 5.9	 3.5 - 9.8	 44.872	 1	 <0.001
Present	 98	 45 (45.9%)	 1.00				

Post-operative							
Type of restoration							

Crown+post	 97	 78 (80.4%)	 2.3	 1.1-4.7	 4.881	 1	 0.027
Filling	 190	 136 (71.5%)	 1.4	 0.8-2.6	 1.362	 1	 0.243
Crown	 62	 40 (64.5%)	 1.00		 .		 .	
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lesions, roots without pre-operative periapical lesion showed 
a 4.1-fold greater chance of success (95% CI: 1.7-9.1; p=0.001) 
compared to roots appearing with a pre-operative periapical 
lesion. 3) Concerning apical extension, roots with fillings of 0-2 
mm within the radiographic apex exhibited a 4.1-fold greater 
chance of success (95% CI: 2.1 - 7.8; p<0.001) than roots with 
underfilled (>2 mm short of radiographic apex) or overfilled 
canals. 4) Lastly, regarding voids, roots with no voids showed 
a 5.7-fold greater chance of success (95% CI: 3.1-10.5; p<0.001) 
than roots with voids within the root filling material or be-
tween the root canal walls and root filling material.

When the correlation between pre-operative periapical lesion, 
apical extension and voids with the treatment outcome was 

ure). This result indicated a statistically significant difference 
between the success rate and the failure rate (95% CI: 2.1 – 3.4, 
Wald χ2(1)=66.872; p<0.001), with the chance of success being 
nearly 2.7 times greater than that of failure.

The distribution of the prognostic variables in relation to the 
treatment outcome is represented in Table 3. However, multi-
variate analysis (Table 4) highlighted four significant variables 
affecting the outcome. 1) The root type showed a statistically 
significant difference in the success rate between the anteriors, 
premolars and molars. In particular, the anteriors exhibited a 
2.6-fold higher probability of success (95% CI:1.2-5.4; p=0.015) 
and the premolars exhibited a 2.5-fold higher probability of 
success (95% CI: 1.2-5; p=0.011) than molars. 2) For periapical 

TABLE 4. The results of multivariate analysis of the prognostic factors related to the success rate of treatment

Factors	 No. of roots	 Success	 OR	 95% CI	 Wald χ2 df p-value

Pre-operative							
Gender							

Male	 164	  119 (72.6%)	 1.00	 0.5-1.7	 0.038	 1	 0.845
Female	 185	 135 (73%)	 1.00				

Arch							
Maxillary	 212	 163 (76.8%)	 1.4	 0.75-2.5	 1.114	 1	 0.291
Mandibular	 137	 91 (66.4%)	 1.00				

Root type							
Anterior	 98	 83 (84.7%)	 2.6	 1.2-5.4	 5.950	 1	 0.015
Premolar	 98	 78 (79.6%)	 2.5	 1.2-5	 6.404	 1	 0.011
Molar	 153	 93 (60.8%)	 1.00		 .		 .	

Pulp condition							
Vital	 149	 119 (79.9%)	 1.2	 0.5-2.7	 0.264	 1	 0.607
Non-vital	 200	 135 (67.5%)	 1.00				

Periapical lesion							
Absent	 227	 181 (79.7%)	 4.1	 1.7-9.1	 11.243	 1	 0.001
Present	 122	 73 (59.8%)	 1.00				

Intra-operative							
Apical extension							

0-2 mm	 176	 153 (86.9%)	 4.1	 2.1-7.8	 18.987	 1	 <0.001
>2 mm 
or overfilling 173	 101 (58.4%)	 1.00				

Voids							
Absent	 251	 209 (83.3%)	 5.7	 3.1-10.5	 31.974	 1	 <0.001
Present	 98	 45 (45.9%)	 1.00				

Post-operative							
Type of restoration							

Crown+post	 97	 78 (80.4%)	 1.2	 0.5-3.0	 0.222	 1	 0.638
Filling	 190	 136 (71.5%)	 1.0	 0.4-2.0	 0.038	 1	 0.845
Crown	 62	 40 (64.5%)	 1.00				

TABLE 5. A summary of the treatment success rate according to the periapical status, apical extension and presence/absence of voids

Prognostic variables	 Overall roots	 Number of 	 OR	 95% CI	 Wald χ2	 df	 p-value
roots with 

success (%)

Periapical lesion+Apical extension+Voids							
absent+0-2 mm+absent	 91	 86 (94.5%)	 137.6	 24.53-771.87	 31.325	 1	 <0.001
absent+0-2 mm+present	 17	 13 (76.5%)	 26	 4.09-165.1	 11.935	 1	 0.001
absent+>2 mm or overfilling+absent	 72	 60 (83.3%)	 40	 8.11-197.19	 20.54	 1	 <0.001
absent+>2 mm or overfilling+present	 47	 22 (46.8%)	 7.04	 1.45-34.1	 5.878	 1	 0.015
present+0-2 mm+absent	 52	 46 (88.5%)	 61.33	 11.22-335.2	 22.565	 1	 <0.001
present+0-2 mm+present	 16	 8 (50%)	 8	 1.37-46.81	 5.322	 1	 0.021
present+>2 mm or overfilling+absent	 36	 17 (47.2%)	 7.16	 1.43-35.77	 5.748	 1	 0.017
present+>2 mm or overfilling+present	 18	 2 (11.1%)	 1.00				
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The unit of evaluation in this study was the root rather than 
the entire tooth, as it was more feasible to investigate the cor-
relation of root-level parameters (apical extension and density 
of filling materials) with the outcome (4). Although using this 
unit of measure tends to overestimate the success rate (26), re-
sults from this study (72.8% of the treated roots and 73.5% of 
the treated teeth revealed a desirable outcome) and a previous 
one (27) do not support this statement. 

The outcome criteria defined by the examiners were similar 
to those used in an earlier study (14) and could be character-
ized as being ‘loose’ (26) for roots associated with a clearly ev-
idenced reduction in periapical radiolucency combined with 
the absence of signs and symptoms classified as a ‘success’. In 
contrast, in another study, ‘success’ was defined only by full 
clinical and radiographic normalcy (3). Our decision to use 
‘loose’ outcome criteria was derived from the fact that in this 
study, the average follow-up time was 2.8 years (ranging from 
2-5 years), and a considerable number of cases had a follow-up 
time less than 4 years. However, endodontic treatment can be
precisely assessed as a ‘success’ or ‘failure’ after a minimum pe-
riod of 4 years, taking into account the healing time required
(26). As a result, classifying the incomplete healing cases as fail-
ures could have overestimated the failure rate.

In the current study, 72.8% of the roots (73.5% of teeth) re-
vealed a desirable outcome, which is lower than the 81% re-
ported in an earlier study that included more experienced 
treatment providers (3). The success rate in this survey was 
also lower than that reported in the Tennessee study (14). Pos-
sible explanations for the higher success rate could be the fact 
that in the study of Azim et al., root canal instrumentation was 
performed using a rotary system, which may reflect the higher 
proportion of successful cases (23). In contrast, the percentage 
of success reported in this study was considerably higher than 
that reported in another study (13) when stringent outcome 
criteria were used (61% successful cases) and was significantly 
lower when lenient criteria were used (91% successful and ac-
ceptable cases). 

Investigation into the possible influence of prognostic factors 
on the treatment outcome was another goal of this study. 
The multivariate analysis highlighted four important factors 
(pre-operative periapical lesion, voids, apical extension of 
the filling material and root type) that affected the outcome. 
Regarding periapical status, the success rate of 79.7% for the 
group without pre-operative lesions was nearly 20% higher 
than that of the group with lesions. This difference was statis-
tically significant (p=0.001). Our findings corroborate those of 
previous studies that have also highlighted the negative im-
pact of periapical lesions on the treatment outcome (3, 12).

Furthermore, 83.3% of the roots without voids showed a fa-
vourable outcome, whilst only 45.9% of roots with voids 
demonstrated success. This difference was statistically sig-
nificant (p<0.001). One explanation for this finding could be 
the extended time interval between the final obturation and 
permanent restoration of teeth, resulting in a higher likelihood 
of coronal leakage when voids were present. Roots without a 
density problem have also been associated with higher rates 

checked (Table 5), the sub-group periapical lesion present+>2 
mm or overfilling+voids present showed the lowest success 
rate (11.1%), while the other sub-groups revealed a 7.04- to 
137.6-fold greater chance of success (p<0.05).

DISCUSSION
The ultimate goal of this retrospective study was to assess the 
outcome of non-surgical endodontic treatments performed 
by undergraduate students between January 2012 and June 
2015. During their clinical practice (7th-10th semesters), the 
students dealt with endodontic cases, such as irreversible pul-
pitis, pulp necrosis, apical periodontitis and intentional root ca-
nal treatment of teeth for prosthetic purposes. All endodontic 
treatments were performed under a classic treatment protocol 
using stainless steel hand K-files for root canal instrumentation 
and conventional radiographs for working length determina-
tion. However, according to a previous study (23), the use of 
rotary nickel-titanium files was associated with higher healing 
rates compared to manual instrumentation. Moreover, the 
combined use of radiographs and electronic apex locators 
has proved to be a more accurate method for working length 
determination (24). These limitations of the current treatment 
protocol were taken into consideration by the faculty mem-
bers and efforts have been made to enhance the clinical per-
formance of undergraduate students by introducing the use 
of rotary files and apex locators in the Undergraduate Clinic.

The recall rate in this study was 45.4% (159 out of 350 respond-
ing patients), which is considered acceptable for continuing 
this research study in the future. A total of 42 of these teeth 
were excluded for reasons mentioned above, resulting in a 
sample of 244 teeth from 133 patients. Several patients includ-
ed in this survey had more than one endodontically treated 
tooth. To avoid any influence of a patient’s medical status on 
the treatment outcome, patients with diabetes (type I or II), 
or HIV were excluded. Current literature indicates a possible 
correlation between systematic diseases and endodontic out-
come (25) while another study showed that systemic diseases 
had no significant impact on the outcome except affecting the 
healing time (14).

Follow-up appointments included both clinical and radio-
graphic examinations. Teeth demonstrating only tenderness 
to percussion with no other signs/symptoms and no periapical 
radiolucency were not considered ‘failure’. Percussion tender-
ness is not a pathognomonic sign of apical periodontitis, as it 
may be frequently associated with conditions such as traumat-
ic occlusion and periodontal disease (3). Regarding the radio-
graphs assessed in this study, the parallel technique was used 
for all of the follow-up radiographs, while the pre and post-ob-
turation radiographs were taken using the bisecting angle 
technique during the treatment sessions. This lack of standard-
ization of radiographic technique and x-ray film position was 
a limitation of this study resulting in difficulties in the inter-
pretation of the post-obturation and follow-up radiographs. 
Thus, an effort was made to include only those with zero or 
minimum deformation while radiographs with overprojec-
tion of anatomical structures, such as the zygomatic bone and 
maxillary antrum, were excluded. 
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