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Abstract

Objective: To analyze the technical quality of root canal therapy done by dental students
while in clinical training. Material and Methods: The frequency of common technical er-
rors was assessed using dental periapical radiographs. 870 charts (n= 870) were evalu-
ated which involved 870. In each chart, 3 periapical radiographs were used for evalua-
tion of the incidence rate and types of errors happening within the root canal procedure.
The 3 periapical radiographs were diagnostic (pre-treatment) radiograph, working
length determination radiograph, and gutta-percha and sealer (obturation) radiograph.
Results: It was found that phase 3 (obturation phase) shows the highest frequency of er-
rors 54.37%, followed by phase 1 (access opening) 11.84%, and finally phase 2 (root
canal preparation) shows the least frequency 4.01%. Conclusion: This study identified that
the least rate of errors in endodontic therapy happened during access opening and instru-

mentation when compared to obturation.

Introduction

In the school of dentistry, one of the im-
portant requirements that should be done
by the undergraduate students is the root
canal therapy (RCT) [1]. This treatments in-
volves cleaning, shaping and appropriate
filling of the radicular space [2]. The main
aim of the RCT is to allow healing of the per-
iapical tissues surrounding the root of the
tooth and prevent the re-infection of the
radicular space [3]. The outcome of the en-
dodontic treatment mainly rests on the
quality of the procedural technique of the
root canal filling (RCF) [4,5]. The common
method that has been implemented to judge
the quality of the root canal fillings is peri-
apical radiographs during the different
phases of the root canal therapy [6-8].

The successful root canal therapy (RCT) pre-
vents tooth pain. It should also reduce the
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risk of tooth loss and/or developing apical
periodontitis [9]. Dentists should remember
that in each phase of the treatment, any op-
erative mistake may have negative effect on
prognosis, as these mistakes increase the
risk to failure of the entire treatment [9].

According to previous research, errors dur-
ing RCT can be divided into three groups ac-
cording to the treatment phase as follows
[10-14]:
Phase 1 (Access opening errors):

¢  Gouging

»  Coronal perforation

e Over preparation
Phase 2 (Cleaning and preparation errors):

*  Ledge

*  Transportation "zipping"

»  Strip perforation

*  Broken instruments

»  Apical perforation
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Phase 3 (Root canal obturation errors):
* Void
e Over-filling
e Under-filling

Usually, the evaluation of the RCT technical
quality is based on careful radiographic ex-
amination [6,15-17].

Therefore, the current study assessed radio-
graphically the quality of endodontic ther-
apy done by undergraduate students
through these 3 phases of treatment, while in
their clinical training. The frequency of com-
mon technical errors was evaluated by mul-
tiple dental periapical radiographs.

Material and Methods

This study was done at the dental school,
University of Babylon, Iraq. It was done in
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agreement with the 1964 Declaration of Hel-
sinki and its succeeding revisions. The root
canal therapy was performed by under-grad-
uate students in their fifth year of study in
the clinics of the dental school under the su-
pervision of qualified supervisors (endodon-
tists). The RCT was performed on single-root
canal treated teeth on upper and lower inci-
sors, canines, and premolars, during 6-year
period from October 2014 to October 2020.

The single-root canal teeth were endodonti-
cally treated, firstly access opening was done
into the pulp space of the tooth and the den-
tal pulp was extirpated, and then the root ca-
nal system was instrumented by K-files
(Dentsply, Maillefer, Switzerland) with a
0.02 taper. The conventional step-back tech-
nique was applied. Canals irrigation was per-
formed using normal saline and an endodon-
tic gauge 27 syringe. Obturation of the canals
was then performed by cold lateral compac-
tion technique using standardized gutta-per-
cha cones (Dentsply Maillefer, Switzerland)
and a ZOE-based endodontic sealer (Endofil],
Dentsply, Brazil).

In this study, 870 charts (n= 870) were eval-
uated which involved 870. In each chart, 3
periapical radiographs were used for the
evaluation of the executed endodontic pro-
cedures in terms of types and incidence of er-
rors. The 3 periapical radiographs were di-
agnostic (pre-treatment) radiograph, work-
ing length determination radiograph, and
gutta-percha and sealer (obturation) radio-
graph. Two qualified dentists (two endodon-
tists) assessed these radiographs on a light
box x-ray viewer in dark environment [11].

A comparative evaluation between these ra-
diographs was used to verify any errors that
could have occurred during the phases of the
root canal therapy. The applied parameters
in this study were: no-fault cases; where
there was no detected procedural mistakes
and gutta percha is shorter than the radio-
graphic apex by less than 2 mm, coronal-per-
foration, over preparation, gouging, strip
perforation, apical perforation, broken in-
struments, ledging, transportation, void in
the filling material, overfilling, and under fill-
ing of guttapercha [10,11].

Before conducting this study, Intra- and in-
ter-examiner agreements were verified by
values calculation of Cohen's Kappa (k) using
35 randomly chosen periapical radiographs
that had been used in this study [18]. The re-
sults were 0.88 and 0.81, respectively, so
both values indicated excellent intra- and in-
ter-examiner agreements. Finally, SPSS soft-
ware (version 20.0, SPSS Inc., Chicago, IL,
USA) was implemented for the processing of
data. Pearson’s chi-square test was applied
to analyze the data at P<0.05.
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Results

Table 1 shows that 70.33% of cases have var-
ious types of errors, but 29.77% of them
have no error (normal). The various types of
errors in phase 1 are 4.48% gouging and
7.36% over preparation, in phase 2 are
1.26% ledge, 0.8% strip perforation, 0.69%
broken instruments and 1.26% apical perfo-
ration, and in phase 3 are 12.99% void,
4.83% overfilling and 36.55% underfilling.

It seems that the dominant type of error is
the underfilling which shows the highest fre-
quency, followed by void, over preparation,
overfilling then gouging. While, ledge, apical
perforation, strip perforation and broken in-
struments show tiny frequencies. However,
the difference between all types of were sig-
nificantly different, P<0.05, table 2. It also
seems that phase 3 (obturation phase)
shows the highest frequency of errors
54.37%, followed by phase 1 (access open-
ing) 11.84%, and finally phase 2 (root canal
preparation) shows the least frequency
4.01% (Table 1).

Discussion

The accurate chemo-mechanical cleaning
and shaping of the dental root canal could re-
sult in successful RCF. Any error happens
during the 3 phases of the root canal therapy
could affect the prognosis. In dental schools,
the undergraduate students should be
taught about these errors to avoid any tech-
nical error that could happen during the RCT
and to improve the prognosis of the RCT.

This study paid close attention to the assess-
ment of the quality of the RCT whether the
treatment was without error (normal) or
with error during all phases of the RCT. The
periapical radiographs were utilized to eval-
uate the success of root canal therapy in pa-
tients operated by the 5th year under-gradu-
ate students at the dental school clinics of
University of Babylon.

Several studies have evaluated the errors,
such as gouging, ledges, apical perforation,
broken instruments, underfilling, overfilling
and voids which could happen during RCT
treatment [10,11,16,19]. In this study, errors
occurred during all the phases of the RCT,
but the most frequent errors were during the
third phase (obturation phase). This was fol-
lowed by phase 1 (access opening), whereas
phase 2 (root canal preparation) recorded
the least frequency of errors.

In phase 3, the underfilling error showed the
highest incidence. This could be attributed to
the debris accumulating at the apical third of
the root canal due to instrumentation with-
out enough irrigation of the canal which
could result in shortening of the working
length and finally results in underfilling. The
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other possible reason for the underfilling, is
the non-complete instrumentation of the
root canal which could happen from the
wrong measurement of the root canal length
[20].

Again, in phase 3, voids error was the next
higher incidence, in which spaces could form
between the gutta-percha cones. These voids
might harbor pathological microorganisms.
These voids could be due to not-enough con-
densation of the gutta-percha cones into the
radicular canals [21]. In addition, the non-
homogeneous mixing of the endodontic
sealer could also result in theses voids [22].

Finally in phase 3, the overfilling was with
the least frequent error. it could have been
the result of over-estimation of working
length of root canal, which could end in loss
of the apical stop. Generally, it has been
agreed that root canal filling is preferred to
be within 2 mm distance away from the radi-
ographic apex [6,23]. Higher success rates of
RCF were associated in teeth filled with root
canal filling < 2 mm short from the radio-
graphic apex with decreased occurrence of
apical periodontitis in comparison with
teeth filled > 2 mm away from the radio-
graphic apex [24]. According to this study,
the quality of the endodontic therapy that is
offered for the patient by undergraduate stu-
dents is not good enough. This result is sup-
ported by the results of three previous stud-
ies [10,16,25].

Improving knowledge, training and skills of
the undergraduate students is very im-
portant. This can be done by improvement of
several factors such as increasing the ratio of
supervisors to students and improvement of
the training aids of the undergraduate stu-
dents, in addition to introduction of different
methods for evaluation the work of the stu-
dents.

Conclusions

This study identified that the access opening
phase and instrumentation phase in root ca-
nal therapy have less incidence of errors
when compared with the obturation phase.
Whereas, in obturation phase, the errors
which recorded the highest incidence rate
were underfilling, voids and then overfilling.
Consequently, it is advised to enhance the
practical training sessions of the RCT, espe-
cially in the last phase (obturation phase).

Ethical Approval

This study was reviewed and approved by
the Research Ethical Approval Committee of
the Dental School of the University of Baby-
lon (Babylon, Iraq), with reference number
(27) on (29/5/2024).



Dentistry 38ty

Vol 13, No 1 (2025) DOI 10.5195/d3000.2025.962

References

1. De Moor R, Hillsmann M, Kirkevang LL, et
al.  Undergraduate curriculum guidelines for
endodontology. International Endodontic Journal.
2013;46(12):1105-14.

2. General Dental Council- The first five
years (Interim). 3rd edition ed2008.

3. Ng Y-L, Mann V, Rahbaran S, et al.
Outcome of primary root canal treatment:
systematic review of the literature — Part 2. Influence
of clinical factors. International Endodontic Journal.
2008;41(1):6-31.

4, Peak J, Hayes S, Bryant S, et al.
Endodontics: The outcome of root canal treatment.
A retrospective study within the armed forces (Royal
Air Force). British Dental Journal. 2001;190:140-4.

5. Smith CS, Setchell DJ, Harty FJ. Factors
influencing the success of conventional root canal
therapy--a five-year retrospective study. Int Endod J.
1993;26(6):321-33.

6. Er O, Sagsen B, Maden M, et al.
Radiographic technical quality of root fillings
performed by dental students in Turkey. Int Endod J.
2006;39(11):867-72.

7. Eleftheriadis GI, Lambrianidis  TP.
Technical quality of root canal treatment and
detection of iatrogenic errors in an undergraduate
dental clinic. Int Endod J. 2005;38(10):725-34.

8. Tsuneishi M, Yamamoto T, Yamanaka R,
et al. Radiographic evaluation of periapical status
and prevalence of endodontic treatment in an adult
Japanese population. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2005;100(5):631-5.

9. Estrela C, Pécora J, Estrela C, et al.
Common Operative Procedural Errors and Clinical
Factors Associated with Root Canal Treatment.
Brazilian Dental Journal. 2017;28:179-90.

10. Haji-Hassani N, Bakhshi M, Shahabi S.
Frequency of latrogenic Errors through Root Canal
Treatment Procedure in 1335 Charts of Dental
Patients. J Int Oral Health. 2015;7:14-7.

11. Yavari H, Samiei M, Shahi S, et al.
Radiographic evaluation of root canal fillings
accomplished by undergraduate dental students.
Iran Endod J. 2015;10(2):127-30.

12. Ibrahim MA, Elgendy AAe, Elsewify TM.
Comparative evaluation of shaping abilities of two
different rotary files (an in vitro study). Ain Shams
Dental Journal. 2021;22(2):28-38.

13. bialy mf, El shazli AH, Osama M, et al.
Comparative Evaluation of Different Techniques and
Devices for Removal of Intra Canal Separated
Instruments with Different Lengths (An In Vitro
Study). Ain Shams Dental Journal. 2024;36(4):12-9.

14. Othman Ahmed S, Fahmy S, El faramawy
MT. Comparison of the Shaping Ability and Cutting
Efficiency of Three Different Rotary Nickel-Titanium
Systems. (An In Vitro Study). Ain Shams Dental
Journal. 2024;34(2):141-51.

15. Khabbaz MG, Protogerou E, Douka E.
Radiographic quality of root fillings performed by
undergraduate students. Int Endod J.
2010;43(6):499-508.

16. Ghali T, Hameed A, Alanz A, et al. Errors
during root canal treatment performed by dental
students. International Medical Journal.
2020;25:1499-504.

17. Saber S, kataia E, Darwish K. Evaluation of

the Quality of Root Canal Obturation Using Resin and
Silicon-Based Sealers: A Randomized Clinical Trial.
Ain Shams Dental Journal. 2024;35(3):85-94.

18. Mukhaimer R, Hussein E, Orafi |I.
Prevalence of apical periodontitis and quality of root
canal treatment in an adult Palestinian sub-

Radiographic Quality of Root Canal Therapy Accomplished Clinically by Undergraduate Dental Students

population. The Saudi Dental Journal.
2012;24(3):149-55.
19. Roman-Richon S, Faus-Matoses V, Alegre-

Domingo T, et al. Radiographic technical quality of
root canal treatment performed ex vivo by dental
students at Valencia University Medical and Dental
School, Spain. Med Oral Patol Oral Cir Bucal.
2014;19(1):e93-7.

20. Lin LM, Rosenberg PA, Lin J. Do
procedural errors cause endodontic treatment
failure? The Journal of the American Dental
Association. 2005;136(2):187-93.

21. Jafarzadeh M, Saatchi M, Jafarnejadi P, et
al. Digital Radiographic Evaluation of the Quality of
Different Root Canal Obturation Techniques in
Deciduous Mandibular Molars after Preparation with
Rotary Technique. J Dent. 2019;20(3):152-8.

22. Heran J, Khalid S, Albaaj F, et al. The single
cone obturation technique with a modified warm
filler. Journal of Dentistry. 2019;89:103181.

23. Barrieshi-Nusair KM, Al-Omari MA, Al-
Hiyasat AS. Radiographic technical quality of root
canal treatment performed by dental students at the
Dental Teaching Center in Jordan. J Dent.
2004;32(4):301-7.

24. Sjogren U, Hagglund B Fau - Sundqvist G,
Sundqvist G Fau - Wing K, et al. Factors affecting the
long-term results of endodontic treatment. J Endod.
1990;16(10):498-504.

25. Polyzos NK, Sarris KG, Pita Al, et al.
Quality of Root Canal Fillings Performed by
Undergraduate Students and the Related Factors on
the Treatment Outcome: A 2- to 5-Year Follow-Up.
Eur Endod J. 2018;3(3):179-85.

Tablel. Incidence of errors throughout root canal therapy.

Type of error Number (%)

No Error (Normal) [ 259 (29.77%)

Gouging 39 (4.48%)

Phase 1 (Access opening) 11.84%
Over preparation 64 (7.36%)
Ledge 11 (1.26%)
Strip perforation 7 (0.80%)
Phase 2 (Preparation) 4.01% 0
Broken instruments | 6 (0.69%) 70.33%
Apical perforation 11 (1.26%)
Void 113 (12.99%)
Phase 3 (Obturation) Over filling 42 (4.83%) 54.37
Under filling 318 (36.55%)
Total 870 (100%)
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