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ABSTRACT 
 

Objectives: This study aims to evaluate the technical quality of root canal treatment performed by fifth-year 

underperforming students in the extra sessions of the 2018–2019 academic year. Methods: Periapical radiographs of teeth 

endodontically treated by underperforming undergraduate students at King Abdulaziz University College of Dentistry 

were collected. The quality of obturation was evaluated radiographically in relation to the length of obturation to root 

apex, homogeneity and density of obturation, root canal tapering, and incidence of mishaps (such as perforation, ledge, 

missed canal, separated instruments). The data were statistically analyzed by the Chi-square test (at P-value < 0.05). 

Results: The periapical radiographs of 70 treated teeth showed acceptable length, filling density and root canal taper in 96 

(80%), 50 (41.7%) and 66 (55%) root canals, respectively. Only four teeth were subjected to mishaps. Conclusion: Under 

the circumstances of this study, the quality of endodontic treatment performed by underperforming students at the extra 

session was acceptable. However, more studies are needed to address the student underperformance source and hence 

amend the quality of root canal filling.   
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INTRODUCTION 
 
Root canal treatment is an important part of 
comprehensive care in a dental education 
program[1]. The main objective of root canal 
treatment is to restore the tooth with diseased 
pulp and provide a provisional tight seal to 
prevent further pulpal and/or periapical 
pathosis[2]. The quality of root canal preparation 
and obturation will affect the treatment 
outcome[3, 4]. 
The main educational goal is to continuously 
assess the treatment quality to ensure that 
undergraduate students are competent for 
graduation. According to documents released by 
the American Dental Education Association in 
2011, at the undergraduate level, a “competency” 
is defined as the ability to perform independent, 
unsupervised endodontic practical procedures 
with a degree of quality consistent with patient 
care and safety[5]. In the current endodontic 
curriculum of King Abdulaziz University (KAU), 
the prerequisite for the practical competency 
exam is that the student should perform 
endodontic treatment of at least six root canals.  
 
At the end of the academic year of KAU 2018–
2019 (10 days before the written exam), most of 
the undergraduate fifth-year students did not 
fulfill the minimum practical experience (MPEs) 
for the clinical competency exam. To give the 
students a second chance, the faculty provided 

extra sessions, one for female and one for male 
students, before the scheduled times of the 
written exam to allow them to finish their MPEs. 
Throughout these extra sessions, the root canal 
filling quality differed from one student to 
another. Several studies have assessed the 
technical quality of endodontic treatment 
performed by undergraduates throughout the 
whole academic year[6–10]; this study aimed to 
evaluate root canal treatment technical quality 
performed by fifth-year underperforming students 
at KAU, specifically in the extra sessions of the 
2018–2019 academic year. 

 
MATERIAL AND METHODS:  
 
A total of 70 teeth received root canal treatment 
by fifth-year undergraduate students. Periapical 
radiographs were collected of all endodontically 
treated teeth carried out by fifth-year students 
during 15 April and 17 April 2019 at the Faculty 
of Dentistry, King Abdulaziz University. The 
radiographs of incomplete cases were excluded 
from this survey. Three radiographs (initial, 
working length and postoperative periapical) 
were used to assess the technical quality of root 
fillings. The quality of obturation was evaluated 
radiographically in terms of length of obturation 
to root apex, homogeneity and density of 
obturation, canal taper, and presence of mishaps 
(such as perforation, ledge, missed canal, or 
separated instruments). All root canal treatment 
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(RCTs) procedures were carried out by the 
underperforming fifth-year dental students under 
an endodontist’s supervision with a staff-to-
student ratio of 1 to 6. All RCTs were done under 
an aseptic technique with the use of a rubber 
dam. An apex locator (Root ZX ‘J. Morita Corp., 
USA, Inc.’) and radiographs were utilized to 
determine the working length. All teeth were 
instrumented using rotary nickel-titanium 
techniques using the ProTaper NEXT rotary 
system (Dentsply, Tulsa, Okla, USA), irrigated 
with 3% sodium hypochlorite solution. Roots 
were filled by the cold lateral compaction 
technique and gutta-percha and AH Plus root 
canal sealer (Dentsply, Tulsa, Okla, USA). A 
temporary restoration was applied to all teeth, 
followed by postoperative radiographs. 
 
Two endodontists independently evaluated the 
technical quality of root fillings and the presence 
of procedural errors. Digital radiographs were 
examined using the R4 system ( Carestream 
dental LLC, Atlanta, GA). The final evaluation 
was agreed upon after comparing the final 
results. In case of disagreement, the examiners 
discussed the case until a consensus was 
reached. 
 
Eight criteria were used to evaluate the quality of 
obturation [8]:  
Length: 1) Acceptable: the filling is 0–2 mm 
short of the radiographic apex. 2) Underfilling: 
when the filling material was more than 2 mm 
from the radiographic apex. 3) Overfilling: when 
the filling obturation or sealer extrudes beyond 
the apex. 
 
Density of obturation: 1) Acceptable:  
The obturation appears homogeneous with 
uniform density, with an absence of voids within 
the filling and good adaptation without a gap 
between the filling material and the canal wall, 
and a gradual taper from the apex to the cervical 
level of the root canal. 2) Poor: visible voids 
within or between the filling material and canal 
walls.  
 
Taper of obturation: 1) Acceptable: a gradual 
taper of the filling from coronal orifice to the 
apical region that reflects the proper canal 
shaping. 2) Poor: an inconsistent taper from the 
canal orifice to the apical root canal or the filling 
appeared as a single cone technique.  
 
Iatrogenic mishaps: 1) Acceptable:  
No evidence of ledge, perforation or separated 
instrument. 2) Poor: Presence of ledge or a 
fracture the instrument failed to bypass, or a 
perforation with lateral extruded material 
detected at any region of the root canal. 

Statistical analysis was done by the chi-square 
test (at P-value < 0.05) using SPSS (Version 20, 
IBM Corp, Munich, Germany). 

 
RESULTS: 
 
A total of 70 teeth were treated by 16 male and 
54 female students. The treated teeth include 24 
anterior teeth, 12 single-rooted premolars, 14 bi-
rooted premolars and 20 molars (Figure 1). 
Multiple perforations (one at the furcal area and 
one at the super-crestal area of the mesial 
surface) of one molar were performed by one 
student. This case was referred to the 
postgraduate clinic, so it was excluded from the 
statistical analysis.  
 
A total of 120 root canals in 70 teeth were 
evaluated radiographically according to the 
criteria described above (Table 1). An acceptable 
length was recorded in 96 (80%) root canals of 
54 (77.1%) teeth, short filling was recorded in 7 
(5.8%) of 4 (5.7%) teeth, and over-extended 
filling was recorded in 17 (14.2%) root canals of 
12 (17.2%) teeth with a highly significant 
difference at P = 0.000. The acceptable density 
of root canal obturation was recorded in 50 
(41.7%) root canals of 30 (42.9%) teeth, versus 
poor condensation in 70 (58.3%) root canals of 
40 (57.1%) teeth with no significant difference at 
P = 0.185. The proper taper was recorded in 66 
(55%) root canals of 35 (50%) teeth versus poor 
taper in 54 (45%) root canals of 35 (50%) teeth, 
with no significant difference at P = 0.904 (Table 
1). Five of the treated teeth were subjected to 
mishaps: two (one premolar and one molar) with 
a ledge that failed to bypass; two with a fractured 
instrument (one molar and one canine) at the 
apical third that was not retrieved and considered 
as part of the obturation; one molar with multiple 
perforations that was referred to the 
postgraduate clinic and excluded from the 
statistical analysis (Figure 2). 
 
Table 1: Represents the radiographic evaluation 
criteria of technical quality of root canal 
obturation performed by 5

th
 year student in the 

extra clinics. 

Variable 
Evaluation 
criteria 

Evaluation 
per Teeth 

Evaluation 
per root 
canals 

P 
value 

Length 

Acceptable 
54  
(77.1 %) 

96  
(80 %) 

0.000 

Under 
4  
(5.7 %) 

7  
(5.8 %) 

Over 
12  
(17.2 %) 

17  
(14.2 %) 

Density 
Acceptable 

30  
(42.9 %) 

50  
(41.7 %) 

0.185 

Poor 
40  
(57.1 %) 

70 
 (58.3 %) 

Taper Acceptable 
35  
(50%) 

66 ( 
55 %) 

0.904 
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Poor 
35  
(50 %) 

54 
(45 %) 

Mishaps 
Absent 

67  
(94.4 %) 

117  
(95.1 %) 

0.000 

Present 
4  
(4.6 %) 

6  
(4.9 %) 

Total 
number 

 70 120 
 

 

 

Figure 1: Represents the distribution of teeth 
treated by fifth year undergraduate students, in 
the extra sessions. (RC : Root canals). 

 

Figure 2: Examples of acceptable root canal 
obturation in tooth # 24 (a), poor condensation 
with evidence of voids in tooth # 36 (b), poor 
taper in tooth # 23 (c), short filling in tooth # 33 
(d), furcal perforation in toot # 46 (e), separated 
instrument in tooth # 36 (f), ledge at the mesial 
root canals of tooth # 46 (g) 

DISCUSSION: 
 
According to the competency documents 
released by the American Dental Education 
Association in 2011, a “competency in 

endodontics” is defined as the ability of 
undergraduates to establish independent, 
unsupervised endodontic practical procedures 
with a degree of quality consistent with patient 
care and safety to meet minimum practice 
standards described by the American 
Association of Endodontics 2018[5, 11]. In KAU, 
the documentation of fifth-year student 
competency in endodontics is determined by the 
student’s ability to perform root canal treatment 
in a minimum of 6 root canals with at least one 
unsupervised, unassessed case. Meeting this 
target allows the student to enter the final exam. 
The predictability of the treatment outcome may 
be based on the technical quality of final 
obturation[3]. The health of periapical tissues will 
be significantly affected by the endodontic 
treatment quality. The traditional manner of 
evaluating the technical quality of a root canal 
treatment is periapical radiographs based on the 
length, density, and taper of final obturation and 
the incidence of procedural mishaps[12, 13]. The 
quality of root canal treatment performed by 
undergraduates during a complete academic 
year has been reported for different dental 
schools [10, 14-17]. However, the current study 
evaluated the quality of root canals performed by 
fifth-year undergraduates who attended an extra 
session to permit them to complete the MPEs 
and take the final practical exam.  
 
The treatment by competent undergraduates is 
expected to meet minimum standards as defined 
by the American Association of Endodontics[11]. 
In the current study, the acceptable length was 
recorded in 80% of root canals. This percentage 
is higher than that obtained in previous studies[6, 
9, 12]. It may be attributed to the use of an 
electronic apex locator and confirmatory digital 
radiographs for working length determination.  
 
Otherwise, the percentage of poor density 
(58.3%) accompanied with inadequate root canal 
taper (45%) was incomparable with a previous 
study [12]. The proper root canal taper is 
essential to allow deep penetration of spreader 
followed by insertion of a sufficient amount of 
axillary gutta-percha cones to achieve 
acceptable root canal obturation without 
evidence of voids[18]. In the current study, the 
extra sessions were not sufficient to allow these 
undergraduates to obtain proper taper; they were 
in a hurry to finalize their MPEs and take the 
practical exam, regardless of the treatment 
quality.  
 
Root canal treatment is a technique performed 
by mechanical instrumentation associated with 
biomechanical debridement followed by complete 
root canal obturation to maintain a suitable 
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environment for healthy periradicular tissues[13]. 
It was suggested that the radiographic criteria of 
adapting obturating material are more precise to 
ensure the apical seal that, in turn, influences the 
treatment outcome[19]. The proper apical 
enlargement up to the full working length with 
continuous taper preparation, followed by well-
compacted obturation without evidence of voids, 
is a significant factor that affects the treatment 
outcome[20]. The poor taper obtained in 55% of 
these root canals may be attributed to the 
students’ inadequate endodontic training in using 
the rotary nickel-titanium (NiTi) instrumentation 
technique. Riberio 2018[10] suggested that poor 
filling density is the major cause of unacceptable 
root filling. The nonhomogeneous, less dense 
filling performed by undergraduates may be due 
to their inexperience with inadequate penetration 
of spreader, insufficient force and improper root 
canal tapering[6, 9]. However, there was no 
significant difference in the condition of root 
canal taper and filling density. The variety in the 
sample size and criteria used from one study to 
the other makes it difficult to compare studies. 
 
The mishaps recorded in the current study were 
very few (≈ 5%); this could be due to the limited 
sample size included. Two of the 4 cases with 
mishaps had a ledge, which agrees with studies 
that described the most common error was ledge 
formation[10]. 
 
It seems that the dereliction of some 
undergraduates to submit their MPEs may be 
due to unavailable suitable patients. Some 
students were unlucky as they began endodontic 
treatment for several patients who failed to return 
to the clinic to complete the treatment.  
 
A meta-analysis done in 2018 summarized that 
the technical quality of root canal treatment 
performed by undergraduate students is low[10] 
and that the most common cause of 
unacceptable root filling was root filling density, 
which is in agreement with this study. 
 
Student underperformance could be attributed to 
different causes[21]: is the student, the 
curriculum or the tutor the source of the 
underperformance? More studies are crucial to 
find the essence of undergraduate dental 
students’ underperformance in root canal 
treatment. A scheme to improve the quality of 
root filling is needed for endodontic education 
and training. 
 

CONCLUSION: 
 
Under the circumstances of this study, the 
performance of underperforming dental students 

in the extra session was acceptable because 
they performed adequate obturation with 
acceptable length, filling density and root canal 
tapering in 80%, 41.7% and 55% of root canals, 
respectively. However, more studies are needed 
to address the source of student 
underperformance and hence improve the quality 
of root canal filling.   
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