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In 2012, the School of Oral Health Sciences at the Uni- 
versity of the Witwatersrand modified its undergraduate 
endodontic curriculum which led to a need to assess 
the impact of curriculum changes on root canal treatment 
outcomes. This study was an audit of root canal treat- 
ment performed by undergraduate BDS students using 
postoperative radiographs, and compared the results 
between different undergraduate clinical years of study. 

Postoperative periapical radiographs of patients treat- 
ed by undergraduate students were examined to assess 
length, density and taper. Two independent investiga- 
tors were first calibrated, and thereafter assessed 299  
endodontic cases that were performed by third, fourth  
and fifth year students during the 2013-2015 period at  
the Wits  Oral Health Centre.

68.9%, 73.6% and 70.9% were found for adequate 
length, acceptable density and acceptable taper of root 
filling respectively. The most acceptable length, density 
and taper results were seen in patients treated by final 
year students, while the lowest results were observed in  

the fourth year student cohort. There was a tendency for 
third year students to overfill due to over-instrumentation 
of anterior teeth.

The change in the curriculum has been justified, though 
room for improvement exists. The superior result found 
in the 5th year student cohort was most likely due to 
their relative experience, and the use of rotary instru-
mentation and dental operating microscopes. Endo- 
dontic teaching should further emphasize the impor-
tance of length control during endodontic treatment and 
more stringent steps may be necessary during patient 
allocation and clinical supervision of fourth year dental 
students.

Quality, root canal treatment, undergraduate student.

Root canal treatment is a complicated procedure that 
requires careful attention to detail and meticulous exe- 
cution. This allows for effective cleaning and shaping of 
the root canal while avoiding any procedural error that  
may impact treatment outcome. A prerequisite to achiev- 
ing treatment at a high standard of care includes inventive 
training of dental students to elicit high quality treatment. 

The European Society of Endodontology (ESE) in 2013 
expressed their concern that despite tremendous tech- 
nical advances in endodontics, studies continue to exhi- 
bit displeasing technical results for endodontic treatment 
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in European societies.1 The ESE 2013 guidelines quote 
several studies to prove that these results are a reflec- 
tion of the achievement of the initial proficiency shown in 
undergraduate training where requirements remain va- 
riable.2-6 The society also emphasized the necessity of 
ensuring that undergraduate practice is performed to 
a standard that confirms thorough understanding of the 
crucial factors that play a role in  clinical outcomes.

The ESE (2006) reported a set of guidelines for under- 
graduate syllabi, to promote the advancement of high 
quality undergraduate dental teaching. According to these 
guidelines, the student is expected to possess the ability 
to perform nonsurgical endodontic treatment on single 
and multi-rooted teeth. The guidelines also included the 
expectation that students should identify and know how  
to avoid any iatrogenic errors that might occur with con- 
ventional endodontic treatment.7,10 Educational guidelines 
dictate that dental schools ensure the competence of 
each graduating student in the field of endodontics.11  

Eleftheriadis and Lambrianidis (2005) proposed that the 
assessment of technical outcomes of endodontic treat- 
ment and the detection of iatrogenic errors are based  
on the immediate postoperative radiographs.2 Conse- 
quently, the ESE (2006) advised that the quality of root 
canal filling should be assessed through postoperative 
radiographs.10 

Periapical radiographs are commonly in endodontic treat- 
ment for preoperative diagnostic assessment, working 
length determination, master apical file fit, master cone 
and postoperative assessment of the quality of obturation. 

Endodontic treatment success is often predicted by the 
quality of the root canal treatment, as depicted on post- 
operative radiographs. Although Siqueira (2001) agrees 
with this recommendation, he cautions that the radio- 
graphic judgement of the root filling may not be indica- 
tive of root canal sealing.12 The author concluded that  
the major cause of failure of most well-treated endodon- 
tic treatment cases is due to persistence of infection.  
It should be recognized that periapical radiographs re- 
present a two dimension image and have limitations, 
such as the superposition with adjacent tooth structures, 
especially in the region of the maxillary molars.13,14

Numerous studies have used postoperative radiographs  
to assess the quality of root canal treatment. Table 1. 
describes studies that assessed the quality of endodontic 
treatment performed by undergraduate students by exa- 
mining postoperative radiographs. Although there is con- 
siderable consistency among the studies listed, not all the 
studies used the same criteria.

Various studies have shown that the outcome of root 
canal treatment is dependent on the technical quality of 
the root canal filling.24-26 In addition, studies have also 
used the absence of voids and the length of root fillings 
as assessment criteria.24,27,28 Furthermore, Santos et al. 
(2010) considered the length, density and taper of root 
canal fillings in their assessment of the quality of root 
canal treatment, while Bołtacz-Rzepkowska and Pawlicka 
(2003) concluded that the radiographic technical quality 
of root canal treatment is more related to the health of  
the periapical area, rather than substandard root fillings.29,30 
Ramachandran Nair (2003) reinforced the view that the 

The use of periapical radiographs in 
root canal treatment

Criteria used to determine the quality 
of root canal treatment

Table 1. Studies that assessed the quality of endodontic treatment performed by undergraduate students,  
all of which examine postoperative radiographs.

Authors Year Students Criteria Country Sample

Greene and 
Krell15

1990 3rd year students. Ledge formation. USA 171 cases or 336 canals.

Kapalas and  
Lambrianidis16

2000 Undergraduate 
clinic and  
endodontists.

Ledge formation. Greece 626 root canals (367 by  
undergraduate students).

Barrieshi-Nusair 
et al.17

2004 4th and 5th year. Length, density and taper. Jordan 542 teeth or 912 root canals.

Eleftheriadis and 
Lambrianidis2

2005 4th and 5th year. Length, density, ledge, perforations (root, furcation 
and strip) fractured instruments.

Greece 620 root canals 388 teeth.

Er et al.18 2006 4th and 5th year. Length, density and taper. Turkey 1893 teeth or 3692 root 
canals.

Lynch and 
Burke11

2006 Undergraduate Length and density. Ireland 100 single rooted teeth.

Pettigrew et al.19 2007 Undergraduate Length, and presence of voids, fractured instruments 
and perforation.

Scotland 100 single rooted teeth.

Balto et al.20 2010 4th and 5th year Length, Density, Taper, ledge, gouging, zipping, api- 
cal transportation, fractured instruments, perfo- 
rations (apical, root, strip and furcation), lack of 
straight-line access and missed canal.

Saudi Arabia 550 teeth.

Khabbaz et al.6 2010 4th and 5th year Length, density, ledge, fractured instruments, perfo-
rations (foramen and root).

Greece 1109 root canals or 759 teeth.

Rafeek et al.21 2012 Undergraduate The length, presence of voids, taper, curvature of 
canal and fractured instruments.

Trinidad 288 or 460 root canals.

Román Richon 
et al.22

2014 4th year students Length, density and taper. Spain 561 extracted teeth.

Smadi et al.23 2015 4th and 5th year Length, density, taper, ledge, transportation and per-
foration.

Jordan 213 teeth.
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primary cause of postoperative apical periodontitis (AP) 
in well-treated teeth is due to the presence of microbial 
infection.31

When examining postoperative radiographs, several cri- 
teria act as predictors of successful endodontic treatment 
outcome. Some of which include: (1) length of root canal 
filling, (2) density of the root canal filling, and (3) taper of  
the root canal.

The length of the root canal filling is an important evalu- 
ative parameter and is determined by measuring the apical 
terminus of the obturation from the radiographic apex of 
the tooth on postoperative radiographs. Zhong et al. (2008) 
showed that microbes and their by-products are respon- 
sible for the failure of endodontic treatment in teeth with 
inadequate length of condensed obturation material and a 
low density  of the obturation.32 

Underfilling results in voids in the apical region of the ca- 
nal which subsequently provides spaces for bacterial colo- 
nization. On the other hand, overfilling of the obturation 
material is the extension of a semi-solid or solid core root 
canal material beyond the apical foramen.33 Schaeffer et 
al. (2005) stated that extruded obturation material beyond  
the radiographic apex correlated with a decreasing prog- 
nosis of root canal treatment while Siqueira (2001) ass- 
ociated overfilling with intraradicular and/or extraradicular 
concomitant infections.12,34 The ESE has suggested that 
the working length should be determined between 0.5 
-2 mm from the radiographic apex.10 This is the guideline 
that is prescribed at the University and was thus used in 
this study.

The density of the root filling is another essential factor 
that influences the outcome or prognosis of endodontic 
therapy. Kirkevang et al. (2000) found that the presence 
of voids in root canal fillings have a substantial impact  
on the incidence of AP.35 Furthermore, Hommez et al. 
(2002) found that the incidence of AP had a 47.1% oc- 
currence in samples of non-homogeneous root canal fill- 
ing, and a 27.7% occurrence in samples of homoge- 
neous root canal filling.36 Periapical radiographs are used 
to determine the quality of root canal treatment by quali- 
fying the homogeneity of obturation, which depends on  

the absence or presence of voids.6 In this study, the 
presence of voids in the root filling was considered un- 
acceptable.

The taper of the root canal is defined by Schilder (1974) 
as a continuous tapered funnel shape of the root canal 
system to enable cleaning and facilitate obturation.37 
Root canal taper is a reflection of shaping the root 
canals and not the obturation. Arvaniti and Khabbaz 
(2011) reported that there was no substantial differ- 
ence in root canal cleanliness between the different 
tapers (0.04, 0.06 and 0.08) in root canals that were 
prepared to an apical size 30.38 Zogheib et al. (2012) 
assessed the influence of different tapered preparation 
on the sealing ability of Real Seal 1 at the apical 5 mm 
of the obturated canals using micro-CT for analysis.39 
The results showed that the smallest taper size (0.04) 
had significantly greater volume of voids, while the large 
taper sizes (0.06 and 0.08) revealed fewer voids. In this 
study any inconsistent taper of canal preparation from 
crown to apex was considered unacceptable. Table 2 
portrays the results of various studies utilizing length, 
density and taper to determine the quality of the root  
canal treatment. 

Following the implementation of the revised endodontic 
curriculum at the Wits School of Oral Health Sciences  
in 2012, no study has been done to assess the impact  
of the curriculum change on treatment outcomes. The 
aim of this study was to assess the quality of root canal 
treatment performed by undergraduate students at the  
Wits Oral Health Centre.
 

This was a retrospective study, composed of 299 post-
operative periapical radiographs of patients treated by  
3rd, 4th and 5th year undergraduate dental students, in the 
Wits Oral health Centre at the School of Oral Health Sci- 
ences (University of the Witwatersrand), between January 
2013 and December 2015. 

The endodontic patients’ radiographs were examined 
using a magnifying lens (2x magnification) and an endo- 
dontic ruler in a dark room using a radiographic viewer. 
Twenty cases, not included in the study sample, were 
used to compare the interrater agreement between the 

Length of the root canal filling

Density of the root canal filling

Taper of the root canal filling

MATERIALS AND METHODS

Table 2. Studies determining the quality of root canal treatment by gauging the length, density and taper of root canal filling.

Authors Year Country

Results

Length Density Taper

Adequate Underfilling Overfilling

Barrieshi-Nusair et al. 2004 Jordan 61.3% 34.5% 4.2% 72.6% 85.3%

Eleftheriadis and Lambrianidis 2005 Greece 62.7% 7.4% 1.8% 82.6% -

Er et al. 2006 Turkey 69.6% 17.4% 13% 53.2% 68.3%

Lynch and Burke 2006 Ireland 70% 21% 9% 90% -

Pettigrew et al. 2007 Scotland 80% 5% 15% 80% -

Balto et al. 2010 K.S.A 79.6%* 11.3% 9.1% 34.9% 59.6%

Rafeek et al. 2012 Trinidad 63.1% 24.3% 12.6% 27.6% 72.2%

Smadi et al. 2015 Jordan 61.5% 14.1% 24.4% 50.5% 56.1%

*Balto et al. 2010 defined the adequate length when root filling ends ≤2 mm from radiographic apex, and they also defined flush when root filling at 
the radiographic apex. Their result of 79.6% includes both adequate length and flush.
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two main investigators. Ethical clearance and permis-
sion to conduct the study was obtained from the Human 
Research Ethics Committee (Wits University) and the Risk 
Assesment committee (Wits Oral Health  Centre).

Criteria for study inclusion incorporated all teeth endo-
dontically treated by the third, fourth and fifth year un-
dergraduate students under supervision, teeth with com- 
plete root apices excluding 3rd molars, completed root  
canal treatment, patient files with postoperative radio- 
graphic records of good condition, and postoperative 
radiographs exhibiting a minimum of 2 mm beyond the 
root apex. Any teeth with complex anatomy such as  
severe root canal curvature, root fracture, or root re- 
sorption (external or internal) prior to root canal obtura- 
tion were excluded from the study.

The three main criteria assessed on the postoperative  
radiographs were: length, density and taper. Length of  
the root filling was characterised as ‘Adequate’ where the 
root filling was 0-2 mm from radiographic apex, “Over-
filling” when the root filling extending beyond the radio- 
graphic apex, and “Underfilling” when the root filling was 
>2 mm from the radiographic apex. 

The Density of the root filling was regarded as “Accep- 
table” when there were no voids between root filling and 
root canal walls or within the root filling, and “Unaccept-

able” when voids were present between root filling and 
root canal walls or within the root filling. The taper of the 
root canal was regarded as “Acceptable” when there was 
a consistent taper from the orifice to the root apex, and 
“Unacceptable” when the taper was inconsistent.

IBM SPSS 24.0 was used for analysis. Cohen’s Kappa 
was used to measure the inter-rater reliability of the root 
canal treatment variables between two clinicians. Descrip- 
tive statistics of frequency and percentages were used 
for data summary. Inferential statistics using Fischer’s  
exact test were used to determine the association be-
tween independent and dependent variables.

Inter-rater agreement was determined using Cohen’s kap-
pa across the three assessed parameters. The results was 
determined as 1.00 (length of root filling), 0.93 (density), 
and 0.77 (taper).

The distribution of the 299 included patient cases for the 
third, fourth and fifth year students were 85, 106 and 108 
respectively. The distribution of tooth location and position 
are shown in Table 3.

The quality of the root canal filling was determined by  
reporting the length, density and taper of the root canal  

RESULTS

Table 3. Tooth position and location.

Teeth characteristics
Third year Fourth year Fifth year Total

p value
N % N % N % N %

Tooth type Central incisor 47 55.3 27 25.5 26 24.1 100 33.1 <0.001

Lateral incisor 29 34.1 9 8.5 - - 37 12.7

Canine 9 10.6 6 5.7 1 0.9 16 5.4

1st premolar - - 17 16 8 7.4 25 8.4

2nd premolar - - 28 26.4 8 7.4 36 12

1st molar - - 14 13.2 38 35.2 53 17.7

2nd molar - - 5 4.7 27 25.0 32 10.7
Teeth location Anterior 85 100 41 38.7 27 25 153 51.2 <0.001

Posterior - - 65 61.3 81 75 146 48.8

Teeth position Maxillary 46 54.1 65 61.3 44 40.7 155 51.8 <0.001

Mandibular 39 45.9 41 38.7 64 59.3 144 48.2

Underfilling

TotalTotalTotal Fifth yearFifth yearFifth year Fourth yearFourth yearFourth year Third yearThird yearThird year

OverfillingAdequate

Anterior 69.4% 65.8% 85.2% 71.2% 14.1% 9.8% 11.1% 12.4% 16.5% 24.4% 3.7% 16.4%

Posterior 0% 61.5% 70.4% 66.4% 0% 6.1% 4.9% 5.5% 0% 32.3% 24.7% 28.1%

Maxillary 69.6% 72.3% 70.5% 71% 19.6% 0% 15.9% 10.3% 10.9% 27.7% 13.6% 18.7%

Mandibular 69.2% 48.8% 76.6% 66.7% 7.7% 19.5% 0% 7.6% 23.1% 31.7% 23% 25.7%

Figure 1. Length of the root filling categorized by tooth location and year of study.
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filling. The total number of canals with adequate length 
was 68.9%, while total acceptable density of root filling 
was 73.6%, and the total acceptable taper of root filling 
was 70.9%.

The adequate length and overfilling results were higher  
in teeth with straight roots, than in teeth with moderately 
curved roots where a higher frequency of underfilling  
was noted. Figure 1 and Figure 2 summarizes the re- 
sults of length, density and taper by tooth type and lo- 
cation across the three years of study. 

The highest acceptable density and taper was recorded 
for central incisors, while the lowest was noted in sec- 

ond molars. ‘Acceptable’ density and taper was greater  
in teeth with straight roots than in teeth that had mode- 
rately curved roots.

An acceptable root canal filling is based on length and 
density or length, density and taper of the filling (Figure 3). 
Acceptable root filling based on the length and density 
were greater than 63% in all years. However, the treat- 
ment performed by the fifth year students (71.9%) reveal- 
ed the highest acceptable root filling when compared to  
the third year students (69.4%) and the 4th year students 
(63.2%).

Acceptable root canal filling based on the length, densi-
ty and taper were greater than 55% in all student years. 
However, the teeth treated by the 4th year students were 
the least acceptable result (55.7%) when compared to  
the 5th year (68.5%) and 3rd year (63.5%) students, as 
shown in Figure 3. 

The Fischer’s exact test was used to examine the asso- 
ciation between year of study and the quality of root 
canal filling. The test revealed that there was no signifi- 
cant association between the year of study and all the 
measures of quality of the root canal filling (p > 0.05).

Acceptable root canal filling

Table 5. Frequencies of length, acceptable density and acceptable taper of root canal filling in previous studies.

Authors Year Country Results

Length Density Taper

Adequate Underfilling Overfilling

Barrieshi-Nusair et al. 2004 Jordan 61.3% 34.5% 4.2% 72.6% 85.3%

Eleftheriadis and Lambrianidis 2005 Greece 62.7% 7.4% 1.8% 82.6% -

Er et al. 2006 Turkey 69.6% 17.4% 13% 53.2% 68.3%

Lynch and Burke 2006 Ireland 70% 21% 9% 90% -

Pettigrew et al. 2007 Scotland 80% 5% 15% 80% -

Balto et al. 2010 K.S.A 79.6%* 11.3% 9.1% 34.9% 59.6%

Rafeek et al. 2012 Trinidad 63.1% 24.3% 12.6% 27.6% 72.2%

Smadi et al. 2015 Jordan 61.5% 14.1% 24.4% 50.5% 56.1%

Current study 2017 R.S.A 68.9% 22.1% 9% 73.6% 70.9%

*Balto et al. 2010 defined adequate length when root fillings that end ≤2 mm from radiographic apex, and defined flush as root fillings that end at the 
radiographic apex. Their result of 79.6% includes both adequate length and flush.

TotalTotal Fifth yearFifth year Fourth yearFourth year Third yearThird year

Acceptable taperAcceptable density

Anterior 80% 70.7% 85.2% 78.4% 75.3% 70.7% 92.6% 77.1%

Posterior 0% 67.7% 69.1% 68.5% 0% 56.9% 70.4% 64.4%

Maxillary 80.4% 72.3% 72.7% 74.8% 76.1% 64.6% 75% 71%

Mandibular 79.5% 63.4% 73.4% 72.2% 74.4% 58.5% 76.6% 70.8%

Figure 2. Acceptable density and acceptable taper categorized by tooth location and year of study.
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Table 4. The minimum clinical quota for undergraduate students at 
Wits School of Oral Health Sciences (for the 2013-2015 period).

Procedure Quota Cumulative quota

Third 
year

Fourth 
year

Fifth 
year

Single-rooted teeth 2 2 1 5

Dual-rooted teeth - 2 2 4

Multi-rooted teeth - 2 2 4

Re-treatment - - 1 1

Use of microscope 
- molar tooth*

- - 1 1

*Means that the microscope must be used to perform one of the molar 
endodontic treatments
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A new undergraduate curriculum was implemented in 
2012 at the University of Witwatersrand, whereby the en- 
dodontic undergraduate preclinical course began in the 
second year, instead of the third year of study. Several 
changes were made to the didactic and clinical teach- 
ing schedule. 

The absolute minimum clinical quota for undergraduate 
students at Wits Oral Health Centre is shown in Table 4. 
All clinical requirements (quota) for clinical students must 
be completed by the penultimate month of their final year 
of study.

The staff: student ratio is 1:7 for preclinical teaching and 
1:5 for clinical teaching at the Wits Oral Health Centre.  

The preclinical staff:student’s ratio was superior to those 
described by other authors with ratios of (1:8),11 (1:12)19 
and (1:15).23 The time dedicated to preclinical endo- 
dontic teaching at Wits University is 60 hours, which is  
greater than the University Dental School and Hospital, 
Cork (48 hours),11 Glasgow Dental Hospital and School 
(32 hours)19 and the University of the West Indies (54 
hours),21 while it was similar to the University of Jordan  
(56 hours).23

The clinical staff: student’s ratio at Wits University of 1:5 
was lower when compared to several other universities 
including Jordan University of Science and Technology 
(1:6),17 Aristotle University of Thessaloniki (1:8),2 Univer- 
sity Dental School and Hospital, Cork (1:8),11 Glasgow 
Dental Hospital and School (1:12 for 5th year),19 King 
Saud University (1:7 for 4th year and 1:2 for 5th year),20 
the University of the West Indies (1:10)21 and finally the 
University of Jordan with a ratio of 1:12.23 It is impor- 
tant to consider the influence of staff:student ratio when 
considering the outcomes of patient treatment under 
supervision. It is expected that a lower ratio allows for 
greater supervision decreasing the opportunity for mis- 
haps while improving treatment quality and outcome.

Standard endodontic protocol in the 3rd and 4th years 
included the step-back preparation and lateral conden- 
sation obturation techniques. Stainless steel K-files with 
a triangular cross section were used with all files and  
cones being ISO 2% tapered. A 2% sodium hypochlorite 
irrigation solution was advocated for irrigation, coupled 
with the use of EDTA (RC Prep) for chelation and lubri- 
cation. The use of 2.5x magnifying dental loupes was 
compulsory for all endodontic procedures. The root canal 
sealer available in the WOHC polyclinic was Topseal 
(Dentsply, South Africa). 

DISCUSSION

Table 6. The highest frequency of length, acceptable density and acceptable taper in previous studies according to tooth type,  
arch and location.
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Adequate 
length

Tooth Mx Incisors Mn Premo-
lars

Mn Lateral  
incisors

Mx 2nd premolar 
and Mn 1st  

premolar

Incisors Mx Canines Mx Anteriors Central incisors

Arch - Maxillary - - - Maxillary - Maxillary

Location - - - - - Anterior - Anterior

Overfilling

Tooth Mx Canines Mn Incisors Mx Lateral  
incisors

Mn Central Incisor Molars Mn Incisors Mx Molars Central incisors

Arch - Maxillary - - - Maxillary - Maxillary

Location - - - - - Anterior - Anterior

Underfilling

Tooth Mn Molars Mn Molars Mx 2nd  
Premolars

Mn Lateral incisor Molars Mx Molars Mn Molars 2nd Molar

Arch Mandibular - - - - - - Mandibular

Location - - - - - - - Posterior

Density

Tooth Mx Canines Mx Canines Mx Lateral, Mn  
Central and  
Lateral

Mn Central, lateral 
and Canines

Canines Mn Incisors Mx Anteriors Central incisors

Arch - - - - - Maxillary - Maxillary

Location - - - - - No significant - Anterior

Taper

Tooth Mn Canines - - - Canines Mn Incisors Mx Anteriors Central incisors

Arch Mx Incisors - - - No significant - Maxillary

Location - - - - - Anterior - Anterior

Mx: Maxillary, Mn: Mandibular, LF: Left

TotalFifth yearFourth yearThird year

Acceptable density

Lenght and density 69.4% 63.2% 71.9% 67.9%

Lenght, density and taper 63.5% 55.7% 68.5% 62.5%

Figure 3. Acceptable root canal filling.
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The 5th year students predominantly utilised rotary instru-
mentation for canal preparation which included ProGlider 
(Dentsply, South Africa) files for glide path preparation 
followed by Protaper Next (Dentsply, South Africa) files to 
complete canal preparation. The endodontic clinical pro- 
tocol specified certain radiographs that should be taken 
during and after every root canal treatment. 

Thus, no additional radiographs were required for this re- 
trospective study. Teeth were excluded from the study  
when these radiographs were unreadable or unavailable. 
Standard endodontic protocol ensured that all endodon- 
tic radiographs be taken using an Endo Rinn® instru- 
ment, at a preset exposure to ensure image quality.

The European Society of Endodontology (1992) recom- 
mended that students have to perform endodontic treat- 
ment on uncomplicated teeth (single and multirooted), 
and they have to be familiar with problems encountered in 
complicated endodontic treatments.7 

The ESE, in their definition of uncomplicated treatment, 
included tooth curvature of less than 15° from the axis 
of the roots. The 3rd year students treated only the an- 
terior teeth of which 75.3% were straight, while the 4th 

year students treated posterior teeth (61.3%) for the first 
time in the clinic, of which 58.5% were moderately cur- 
ved teeth. 

These differences in the complexity of cases between 
the different student groups explain why the result of the 
3rd year students in general was better than the 4th year 
students. There was a significant difference in the num- 
ber of roots and root curvature of the teeth treated be- 
tween the 3rd, 4th and the 5th year students (p<0.001).  
One method to limit relatively difficult cases being alloca- 
ted to novice undergraduate students is for supervisors  
to screen and allocate patients accordingly to ensure 
careful patient selection for students in the different clini- 
cal years of study.

The third year students had the lowest percentage of 
underfilled canals when compared to the 4th and 5th year 
students (16.5%, 29.2% and 19.4% respectively). Yet in- 
terestingly, the 3rd year students had the highest num- 
ber of overfilled canals (14.1%, 7.5% and 6.5% respec- 
tively). This was attributed to this these students only 
treating anterior teeth with relatively wider and straight 
canals with little difficulty in finding the full length. How- 
ever, a possible explanation for their high rate of over- 
filling is their inexperience and their inability to confine the 
instrumentation to within the canal. Thus, the high rate of 
overfilling was possibly due to over-instrumentation. 

Thus, it is advised that greater emphasis be placed on 
working length control throughout canal preparation pro- 
cedures during preclinical teaching. The density and taper 
of maxillary teeth treated by the 3rd year students was 
better than in the mandibular teeth. The simple expla- 
nation for this is the relative difference in the size of the  
canals; that maxillary teeth have larger canals than man- 
dibular teeth.

In this study, 35.5% of the teeth assessed were treated 

by the 4th year students. 61.3% of these teeth were pos- 
terior teeth with 58.5% of them presenting moderately 
curved roots. With the exception of overfilling, the results 
of the main criteria assessed (length, density and taper) 
show that the fourth year students produced the lowest 
quality rating among all student years.

Anterior teeth treated by the 4th year students displayed 
a higher prevalence of adequate length, underfilling, accep- 
table density and taper when compared to posterior 
teeth. These results were attributed to the inexperience 
of this student cohort in treating posterior teeth. In ad- 
dition, the inexperience of the students were compoun- 
ded by the allocation of relative challenging root canal 
anatomy cases.
 
75% of treated teeth by the 5th year students were pos- 
terior teeth, with 72.2% of these teeth presenting with 
moderately curved roots and 67.6% being multirooted 
teeth. The 5th year students had the best adequate length 
and overfilling results which highlighted the impact of ex- 
perience in the ultimate quality of root canal treatments, 
more so when treating teeth with more challenging ana- 
tomy. In addition, the use of rotary endodontic systems 
and more advanced methods of magnification account  
for the superior findings in this student group.

The total acceptable root canal filling of this study, based  
on the length and density, was 67.9%. This result was  
higher than the studies by Eleftheriadis and Lambrianidis 
(2005) at 55.3%, and Khabbaz et al. (2010) at 54.8%.  
Similar to other studies, the 5th year student cohort per- 
formed superior.6 

The total acceptable root filling based on the length, den- 
sity and taper was 62.5%, which was better than the 
University of Pretoria study by Mostert & Jonker (2016) 
(59,66%), Barrieshi-Nusair et al. (2004) (47.4%), Er et al. 
(2006) (33%) and Smadi et al. (2015), which was 
29.2%.17,18,23,40 Again, similar to Balto (2010), the 5th year 
student cohort performed superior to earlier years of 
study.20 Table 5. and Table 6. summarize the results of 
previous studies across the 3 parameters assessed, and 
include the results of this study for comparison.

The results of this study indicated that the quality of root  
canal treatment performed by undergraduate students is 
similar to other studies conducted at various dental schools 
around the world. The change in the curriculum has been 
justified, though room for improvement exists. There was a 
tendency for third year students to overfill due to over-in-
strumentation of anterior teeth.

The 5th year students had better results because of their 
relative experience and the opportunity to use dental ope- 
rating microscopes. Endodontic teaching should further 
emphasise the importance of length control during endo- 
dontic treatment and more stringent steps may be ne- 
cessary during patient allocation and clinical supervision of 
fourth year dental students.

Total acceptable root canal filling

CONCLUSIONS
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Do the CPD questionnaire on page 294
The Continuous Professional Development (CPD) section provides for twenty general questions and five 
ethics questions. The section provides members with a valuable source of CPD points whilst also achieving 
the objective of CPD, to assure continuing education. The importance of continuing professional development 
should not be underestimated, it is a career-long obligation for practicing professionals.

1 Go to the SADA website www.sada.co.za.

2 Log into the ‘member only’ section with your unique SADA username and password.

3 Select the CPD navigation tab.

4 Select the questionnaire that you wish to complete. 

5 Enter your multiple choice answers. Please note that you have two attempts to obtain at least 70%.

6 View and print your CPD certificate.

Online CPD in 6 Easy Steps


