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Introduction

It is highly recommended that undergraduate 
dental students should be competent enough 
to undertake the treatment of uncomplicated 

posterior and anterior teeth before graduation, 
as shown in the 2013 European Society 
of Endodontology (ESE) undergraduate 
guidelines. This can be achieved by first 
gaining adequate experience in the treatment 
of incisors, canines, premolars and molars 
in both the simulated dental learning 
environment and real clinical environment.1,2,3 
In order to prevent compromising patient care 
after graduation, the standard of root canal 
treatment (RCTx) completed by undergraduate 
dental students must be maintained at as high 
a level as possible.2

It has been shown that the outcome of 
RCTx is strongly correlated with the technical 
quality of the root canal filling as assessed 
radiographically. Likewise, low-technical-
quality RCTx has been linked to poor treatment 
outcomes and increased post-treatment 

disease.1,2 Radiographic judgement can be used 
as a helpful tool to indicate the likely success 
of the root canal filling and as a proxy measure 
of overall treatment quality being a useful 
parameter to show the RCTx quality delivered 
by the practitioner.2,4 This view is supported by 
several other studies that assessed the technical 
quality of RCTx carried out by undergraduate 
dental trainees in various regions.1,2,4,5 It is 
well-established that radiographs should be 
taken pre-, intra- and post-operatively during 
any course of RCTx.6 As a result of several 
outcome studies, radiographic analyses of 
a series of technical features correlating 
to different stages of the RCTx have been 
introduced.1,2,7 These recommended outcomes 
have also been incorporated into European 
quality guidelines.3,6 These ‘best practice’ 
recommendations include the lack of voids 
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radiographically, no evidence of fractured 
instruments, obturation of all major root 
canals and no canal deviation from the original 
anatomy.6

In one UK dental school, an earlier audit 
demonstrated that the quality of RCTx 
completed by undergraduate trainees was 
poor, with only 13% deemed satisfactory.8 
The recorded parameters were radiographic 
quality of the RCTx and the level of root canal 
filling termination relative to the radiographic 
apex. Other studies have shown a higher 
rate of satisfactory RCTx among several UK 
and Irish dental schools.1,2,3 One of these 
studies revealed a significant improvement 
in the quality of the RCTx completed by 
undergraduate students after incorporation of 
new technology and teaching practices.1,2 Their 
evaluation was based on four criteria: presence 
of voids, distance from the radiographic apex 
(within 2 mm), unfilled canals and whether the 
filled canal maintained the original anatomy.2 
Notably, their re-audit results revealed 
remarkable increases in the rate of acceptable 
root filling quality in single and multi-rooted 
teeth – 57.5% and 52.7%, respectively – 
compared with their first audit.1,2 It is worth 
mentioning that a subjective assessment of 
the technical quality of RCTx can be directly 
influenced by the chosen evaluation criteria. 
The ESE undergraduate curriculum guidelines 
have highlighted the importance of dental 
trainees being competent in performing 
good-quality RCTx during their time as 
undergraduate dental students.3 Since the 
introduction of technologies into many dental 
schools in the UK, there has been a noticeable 
improvement in the quality of RCTx carried 
out by undergraduate dental students.2,5,9 This 
has included using nickel titanium manual 
and mechanical files, and electronic apex 
locators. However, the introduction of these 
new technologies can be expensive. Therefore, 
some dental schools are continuing the use of 
stainless-steel hand instruments (K-files).10,11 
These additional factors can play a role in the 
quality of RCTx provided by undergraduate 
dental students.

To ensure that an adequate standard of RCTx 
is being delivered by our undergraduate dental 
students, and in agreement with the clinical 
director at Peninsula Dental School (PDS), we 
undertook an audit study in this area.

Undergraduates at PDS commence seeing 
patients in the third term of first year Bachelor 
of Dental Surgery, with the bulk of endodontic 
treatment taking place in the final term of third 

year and throughout fourth and fifth year. As 
the school is based in primary care, there is 
no endodontic department and supervision 
is provided mainly by visiting general dental 
practitioners, with support from endodontic 
specialists on clinic. Students use ProTaper 
hand files and ProTaper Gold rotary files. 
The bulk of undergraduate endodontic cases 
involve hand instrumentation and cold lateral 
condensation for obturation. Future audits 
will make greater differentiation with regards 
to this, but this was not assessed in this audit. 
Clear assessment criteria for endodontics 
exist, with endodontic treatment assessed 
in clinical proficiency assessments (one 
assessor) and clinical capability assessments 
(two assessors) as suggested by the ESE 
undergraduate curriculum guidelines.3 The 
clinical proficiency assessments cover any 
tooth or endodontic procedure and are 

graded ‘excellent’, ‘satisfactory’, ‘borderline’, or 
‘unsatisfactory’. Borderline or unsatisfactory 
do not count to minimal competency 
requirements. Borderline grades can be 
remediated for at chairside, but unsatisfactory 
grades mean the student is suspended from 
carrying this procedure out and returns to 
the simulated environment for a bespoke 
support package. Once this support package 
is completed satisfactorily, this is signed off 
by a General Dental Council registrant and 
the clinical director before the student can 
commence again on clinic.

The clinical capability assessment, unlike 
the clinical proficiency assessment, is carried 
out on a molar tooth and the student has to 
finish this from access to final obturation. This 
is similarly graded with two assessors signing 
this procedure off, ensuring all students are 
exposed and assessed on multi-rooted teeth 

Fig. 1  Post-operative intra-oral periapical radiograph of RCTx in tooth 47, showing RCTx which 
contained no voids, but evidence of under-obturation in mesial root. This categorises tooth 47 
as unsatisfactory under the selected criteria of this audit study

Tooth 
type

Audit No visible 
voids (%)

Root filling termination 
within 0–2 mm (%)

Preparation 
contains 
original canal 
(%)

Acceptable 
technical 
treatment overall 
per tooth (%)

Single-
rooted

Initial audit 70.69 96.55 100 62.07

Multi-
rooted

Initial audit 93.33 71.11 100 60

Table 1  Overall percentage of acceptable RCTx teeth in each agreed technical category
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to ensure students qualify as safe practitioners 
with regards to endodontics.

The aim of this quality assurance audit was to 
evaluate the technical quality of undergraduate 
de novo RCTx competence cases in the PDS at 
the University of Plymouth in comparison to 
agreed European standards. Likewise, results 
from this audit study would be compared with 
similar audits carried out in Dublin Dental 
University Hospital (DDUH). To identify 
suitable benchmarks, previous audit studies1,2,6 
and a classic endodontic outcome study by 
Sjogren (1990) were used.12

Methodology

The audit was registered with the University of 
Plymouth, Faculty of Health, Research Ethics 
and Integrity Committee. It was agreed that 

ethical approval was not required for this audit 
as this was a retrospective analysis of clinical 
records and all patient consent for radiographs 
and endodontic treatment had already been 
obtained in line with Peninsula Dental Social 
Enterprise consent policy.

A radiographic analysis was carried out 
of the number of canals in endodontic 
cases completed by undergraduate students 
under supervision of a qualified registrant 
(completed between 2021 and 2022). In 
this retrospective audit study, an inclusion 
criterion was that an acceptable diagnostic 
post-operative radiograph was available. 
To prevent selection bias, the cases were 
randomly selected by a dental nurse from 
the PDS database, as well as cases with no 
diagnostic x-ray being discarded and excluded 
a priori. Based on identified benchmarks 

from previous studies,1,2,6 technical factors 
were analysed. These included the apical 
extent of obturation, the presence of voids 
and technical errors. The evaluation was 
based on four criteria: presence of voids, 
root canal filling termination (within 2 mm of 
radiographic apex), presence of missed canals 
and preservation of the original anatomy in 
the filled canals, as previously described.2

Statistical analysis

Contingency tables and chi-squared analysis 
was used to determine statistically significant 
improvements in quality in comparison with 
other studies conducted in secondary care 
(p <0.05). A pro forma sheet for data collection 
was generated as previously described in 
studies.1,2 This audit was conducted by a 
middle grade doctor (non-consultant hospital 
doctor [PDS]) and two senior members of the 
endodontic faculty (consultants).

Multi-rooted teeth were analysed and 
treated as one unit, where if one root was 
deemed technically inadequate, the unit was 
categorised as being unacceptable (Fig. 1).

Results

A total of 103 teeth were included in this audit 
study: 45 multi-rooted and 58 single-rooted 
(Table 1). Each tooth examined in this study 
had clear evidence of root canal filling material. 
Demographic information including the 
prevalence of tooth type and position in this 
audit study is demonstrated in Table 2.

Single-rooted teeth
From 58 teeth, 96.55% of cases were within 
0-2 mm of the radiographic apex. All roots 
were obturated in 100% of cases and no 
extrusions were observed in 94.83% of cases. 
The preparation contained the original 
canal in 100% of cases, with no evidence of 
separated instruments in 94.83% of cases and 
no presence of voids in 70.69% of cases (Fig. 2). 
Overall (62.07%), the quality of the root canal-
treated single-rooted teeth delivered by the 

Maxillary teeth 17 16 15 14 13 12 11 21 22 23 24 25 26 27 Total

Initial audit 3 6 5 4 6 3 9 12 6 4 2 3 4 1 68

Mandibular teeth 47 46 45 44 43 42 41 31 32 33 34 35 36 37 Total

Initial audit 2 7 3 0 4 2 1 1 2 3 1 1 7 1 35

Table 2  Prevalence of tooth type and position (FDI classification)

Fig. 2  Post-operative intra-oral periapical radiograph of tooth 23, showing RCTx which contains 
no voids, is within 0–2 mm of the radiographic apex and contained within the original canal 
anatomy. This categorises tooth 23 as satisfactory under the selected criteria of this audit study
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undergraduate dental students met the agreed 
European standard for RCTx.

Multi-rooted teeth
From 45 teeth, 71.11% of cases were within 
0–2 mm of the radiographic apex, while the 
remaining 28.89% were unacceptable due 
to being under-obturated. All canals were 
obturated in 100% of cases, without extrusions 
in 97.78% of cases, the preparation contained 
the original canal in 100% of cases, with no 
evidence of separated instruments in 97.78% 
of cases and no presence of voids in 93.33% 
of cases (Fig. 3). Overall (60%), the quality 
of RCTx in multi-rooted teeth delivered by 
the undergraduate students met the agreed 
European standard of RCTx.

Discussion

The main purpose of this audit study was to 
evaluate the technical quality of root canal-
treated teeth at PDS, University of Plymouth 
compared to acceptable European standards 
and secondary care. This was achieved by 
evaluating post-operative intra-oral periapical 
radiographs, retrospectively, and as shown 
previously.1,2,6 To the best of our knowledge, 
this is the first audit study of its kind to 
evaluate the outcome of RCTx in a solely 
primary care dental school. Furthermore, as 
a well-established dental school, we intended 
to investigate whether the introduction of new 
technologies to the endodontics undergraduate 
curriculum and accompanying educational 
changes resulted in higher-quality RCTx 
compared with other recent audit studies done 
in secondary care.1,2

It is widely accepted that this kind of audit 
study only assesses the technical standard of 
RCTx, which might not be a measure of the 
longitudinal treatment outcome. Nevertheless, 
it could be used as a surrogate endpoint 
of the overall quality of RCTx and their 
outcome.2,13,14 In this audit study, the quality 
of RCTx carried out by undergraduate dental 
students was carried out using similar criteria 
of assessment to those used by other studies, 
which also aids comparison.2,6 Interestingly, a 
re-audit study conducted in secondary care to 
assess the overall quality of RCTx performed 
by undergraduate students in the DDUH 
revealed that acceptable technical treatment 
overall per tooth amounted to 57.5% in single-
rooted teeth and 45.2% in multi-rooted teeth. 
Although it was not statistically significant, our 
audit study-recorded percentages were higher 

– 62.07% and 60% (p = 0 0.31), respectively – 
suggesting a high-standard-quality of RCTx 
provided by our undergraduate students in 
the primary care setup, where non-complex 
molars were treated (Table 3).

This audit study shows that the technical 
quality of undergraduate root canal treated 
teeth in PDS is comparable with that in other 
dental schools nationwide. Notably, our results 
confirm that a high-standard-quality of RCTx 
is delivered by our undergraduate dental 
students compared to those at other dental 
schools.2,6 It is widely accepted that the quality 
of endodontic teaching and level of students’ 
exposure to RCTx might vary across different 
dental schools.6 Thus, similar education audit 

studies should be conducted in dental schools 
to investigate the quality of current clinical 
teaching and stimulate improvement.

Interestingly, one of the factors most widely 
affecting RCTx quality is the presence of 
voids within the obturation. According to Ng 
et al. (2011),15,16 the presence of voids plays 
a variable role in the outcome of RCTx, in 
particular if a void in primary treatment is 
within 5  mm of the apex. Interestingly, the 
outcome appears higher than in the absence 
of voids (86.7% versus 82.8%). Conversely, 
in secondary treatment, presence of voids is 
associated with significant lower outcome than 
when obturation is homogenous (42.9% versus 
80.3%). The obturation technique used may 

Tooth type Audit No. of 
teeth

No visible 
voids (%)

Root filling 
termination 
within 
0–2 mm (%)

Preparation 
contains 
original 
canal (%)

Acceptable 
technical 
treatment overall 
per tooth (%)

Single-rooted PDS audit 58 70.69 96.55 100 62.07

(Donnelly  
et al., 2017)2

40 75 80 100 57.5

Multirooted PDS audit 45 97.78 71.11 100 60

Donnelly  
et al., (2017)2

46 88 74 98 45.2

Table 3  Comparison between PDS and Donnelly et al. (2017) audit study

Fig. 3  Post-operative intra-oral periapical radiograph of tooth 46, showing RCTx which 
contains no voids, is within 0–2 mm of the radiographic apex and contained within the original 
canal anatomy. This categorises tooth 46 as satisfactory under the selected criteria of this 
audit study

4 BRITISH DENTAL JOURNAL  |  ONLINE PUBLICATION  |  MARCH 5 2024

RESEARCH

© The Author(s) under exclusive licence to the British Dental Association 2024.



also affect the presence of voids. In the current 
study, cold lateral obturation was used, which 
can inherently present more radiographic 
voids compared with single cone and warm 
vertical obturation techniques.2 Adopting a 
single cone and hydraulic cement obturation 
technique may reduce the number of voids and 
improve the overall prevalence of technically 
acceptable RCTx.

Conclusion

This study revealed that undergraduate dental 
students at PDS performed RCTx with high 
technical quality, surpassing the European 
standard and other dental schools. This 
indicates that PDS provides effective clinical 
teaching and training in RCTx as a primary 
care-based dental school. Further audits are 
suggested to monitor and enhance the quality 
of RCTx in dental schools and to compare 
it with the one obtained by dental schools 
where endodontic supervision is carried out 
by endodontic specialists.
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