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Abstract
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Aim To evaluate the radiographic technical quality of

root fillings and the incidence of iatrogenic errors in

treatment provided by undergraduate students.

Methodology Endodontic records and periapical

radiographs of 759 root filled teeth were selected

following exclusion of 25 (3.3%). A final total of 734

cases were used to assess the technical quality of root

fillings in 1109 root canals performed by 4th and 5th

undergraduate students. Two variables were examined:

the length and the density of the fillings, categorized as

acceptable and non-acceptable. The presence of ledges,

root perforation, foramen perforation and fractured

instruments were also investigated. Chi-square tests

were used for statistical analysis.

Results Acceptable root fillings were found in 55%

of canals. More ‘acceptable’ root fillings occurred in

maxillary compared to mandibular teeth (58 and 51%

respectively) (P < 0.05) and in anterior compared

with premolar (71 and 61%) and molar root canals

(39% respectively) (P < 0.05). Insignificantly more

(5.4%) acceptable root fillings were provided by 5th

year students. Most of the underfillings and iatrogenic

errors were detected in molars for both academic

years (53 and 65% respectively). Ledges were noted

in 55% of cases treated by both academic years and

significantly more foramen perforations were detected

in the 5th compared with the 4th year students

(P < 0.05).

Conclusions There is a need to improve the

technical quality of root fillings performed by the

undergraduate students, especially in molar teeth.
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tion, root canal treatment, root filling, iatrogenic
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Introduction

The technical quality of root canal treatment and the

coronal restoration have an important bearing on the

periapical health of root-filled teeth (Ng et al. 2008).

The European Society of Endodontology has pub-

lished Undergraduate Curriculum Guidelines for

Endodontology to encourage the development of high-

quality undergraduate dental education and acceptable

standards of care in clinical endodontics (European

Society of Endodontology 1994, 2001). These guide-

lines state that the graduating student will be expected

to demonstrate the ability to perform satisfactory

nonsurgical root canal treatment on single and mul-

tirooted teeth. This must include cleaning, shaping and

filling of the root canal system. The student is also

expected to understand the iatrogenic errors that may

occur during nonsurgical root canal treatment and

how to avoid them. Yet, in ‘Profile and Competences for

the European Dentist’ published in November 2004 by

the Association for Dental Education in Europe and the

DentEd III Thematic Network Project, it was declared

that Dentists are expected to act for the achievement of

the total health of their patients through oral health

management without supervision. These skills should

be taught during the clinical semesters of their studies,
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where they have to reach a level of performance

requiring some degree of accuracy consistent with

patient well-being (Association for Dental Education in

Europe and the DentEd III Thematic Network Plas-

schaert et al. 2004). Despite the aforementioned state-

ments, there is evidence that inadequate root canal

treatment performed by dentists, in many countries, is

not the exception but the rule (Table 1). Furthermore,

iatrogenic complications or procedural errors during

root canal treatment performed either by undergradu-

ate students or dentists, such as ledges, canal trans-

portation, instrument separation etc., may result in

incomplete cleaning and shaping of the canals with a

severe consequence on the outcome (Crump & Natkin

1970, Kapalas & Lambrianidis 2000, Lambrianidis

2001, Peters 2004, Eleftheriadis & Lambrianidis 2005).

At the Dentistry School of Athens, undergraduate

students in Endodontics must complete a pre-clinical

course, which includes both theoretical and practical

training. This course is held during the 5th and 6th

semester of the third year of the dental degree program,

which lasts for 5 years overall. During the completion

of this study (2004–2006), the course included 26 h of

lectures and 39 h of laboratory practical training for

the 5th semester and 26 h of lectures and 26 h of

laboratory practical training for the 6th semester. The

teacher to students ratio was 1/15 and neither Ni–Ti

instruments nor apex locators were employed at that

time. Success in one written examination was required

in order to proceed to clinical training in the 7th –10th

semester. During the 4th year (7th and 8th semesters),

which represent the 1st clinical year in endodontics,

students had to attend 26 h of clinical seminars in

conjunction with their clinical practice on patients.

During the 2nd clinical year (9th and 10th semesters),

students worked in multidisciplinary clinics to fulfil the

Table 1 Epidemiological data on the quality of root fillings completed by endodontists, dentists and undergraduate students in

different countries

Authors Country Practitioners

Total of treated

root canals

or teeth

No. of acceptable

root canals

or teeth

Percentages

(%)

Bierenkrant et al.

(2008)

Australia Endodontists 1351

root canal

1229

root canal

91

Khabbaz et al. 2010 Greece Undergraduate students 1109

root canal

608

root canal

54.8

Moussa-Badran

et al. (2008)

France Undergraduate students 304 teeth 92 teeth 30.3

Er et al. (2006) Turkey Undergraduate students 1893 teeth 624 teeth 33

Lynch & Burke (2006) Ireland Undergraduate students 100 root canals 63 root canals in

single-rooted teeth

63

Eleftheriadis &

Lambrianidis (2005)

Greece Undergraduate students 620

root canals

343

root canals

55.3

Barrieshi-Nusair

et al. (2004)

Jordan Undergraduate students 912

root canals

432

root canals

47.4

Hayes et al. (2001) United Kingdom Undergraduate students 157 teeth 27 teeth 13

Touré et al. (2008) Senegal General practitioners 344

root canals

61

root canals

17.7

Chen et al. (2007) USA General practitioners 169 teeth 44 teeth 26

Sunay et al. (2007) Turkey General practitioners 470 teeth 188 teeth 40

Ridell et al. (2006) Sweden General practitioners 153 teeth 75 teeth 49

Siqueira et al. (2005) Brazil General practitioners 2051 teeth 1167 teeth 56.9

Loftus et al. (2005) Ireland General practitioners 152 teeth 72 teeth 47.4

Segura-Egea et al.

(2004)

Spain General practitioners 93 teeth 32 teeth 34.4

Boltacz-Rzepkowska &

Pawlicka (2003)

Poland General practitioners 282 teeth 138 teeth 48.9

Chueh et al. (2003) Taiwan General practitioners 1867

root canals

650

root canals

34.8

Boucher et al. (2002) France General practitioners 1982

root canals

412

root canals

20.8

De Moor et al. (2000) Belgian General practitioners 312 teeth 135 teeth 43.3

Weiger et al. (1997) Germany General practitioners 215 teeth 30 teeth 14
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clinical requirements that include Periodontology,

Operative Dentistry, fixed and removable Prosthetic

Dentistry and Endodontics.

One reason cited for the relatively poor technical

standards of root canal treatment amongst general

practitioners may be the limited endodontic teaching

received at Dental Schools (Qualtrough et al. 1999,

Barrieshi-Nusair et al. 2004). Subsequently, an inves-

tigation of the possible relationship between pre-clinical

education in endodontics and the effectiveness of the

clinical work provided by undergraduate students

would be of great interest.

The aim of this study was to evaluate the results of

pre-clinical educational approaches in Endodontics for

undergraduate students in the Dental School of the

University of Athens, Greece. This was undertaken by

examining the radiographic quality of root fillings and

the incidence of iatrogenic errors caused by the 4th and

5th year undergraduate students during their clinical

practice.

Materials and methods

Endodontic records from 759 completed root canal

treatments (RCT) performed by undergraduate students

with the same pre-clinical training at the Dental School

of the University of Athens, between 2004 and 2006,

were randomly selected for examination. The inclusion

criteria for this selection were:

1 All root canal treatments performed by 4th and

5th year undergraduate dental students on completely

formed permanent teeth.

2 Teeth treated using at least three, long cone/

paralleling technique, radiographs (preoperative,

working-length (intermediate) and postoperative) of

good quality that showed the entire length of the

root and the periapical area. Cases with unreadable

radiographs were excluded.

Treatments were conducted by students according to

the following protocol: After consideration of the

medical and dental history of each patient, local

anaesthesia was administered if needed. Afterwards,

rubber dam isolation, access preparation and determi-

nation of the working length using K-files with an

intermediate radiograph was performed. Each root

canal was instrumented with the step back technique,

using stainless steel hand instruments (K–files of 0.02

taper), whilst in some cases Gates-Glidden drills were

used in the coronal third of the root canals in order to

facilitate straight line access. Root canals were irrigated

with 3% NaOCl, whilst in cases of narrow and calcified

canals Rc-Prep paste (Premier Dental Products Comp.

Norristown, Philadelphia, USA) was also used.

All root canals were filled during a second session

with gutta-percha cones and cement (Roth root canal

cement type 811 elite grade, Chicago, IL. USA) with the

technique of cold lateral condensation. All gutta-percha

cones and spreaders were of 2% taper.

Evaluation of the technical quality of root filling was

based on the immediate postoperative radiograph. Two

variables were examined, the length and the density of

the root canal fillings. Iatrogenic errors included ledges,

perforations (root and apical foramen) and fractured

instruments were also recorded. The detection of these

errors was based on the comparison of initial, inter-

mediate and final radiographs.

Evaluation of the final root filling was performed

through magnifying lenses on a diaphanascope by

three independent investigators. All investigators

examined all cases. In cases of interexaminer disagree-

ment (52 root canals), examiners came to a consensus.

Measurements were recorded using a transparent ruler

of 0.5 mm accuracy. In cases of maxillary premolars

and mandibular molars, exposed with alteration in

horizontal angulation by the students, it was consid-

ered that they had been exposed with a mesial

angulation. Consequently, this fact rendered it possible

to differentiate the palatal from the buccal root canal

in maxillary premolars and the mesiobuccal from the

mesiolingual root canal in mandibular molars accord-

ing to Clark’s rule (Georig & Neaverth 1987).

Evaluation criteria

The technical quality of the root fillings and the

presence of iatrogenic errors found on radiographs

were evaluated, classified and recorded; root canal was

the unit of assessment.

The criteria for radiographic classification of the

technical quality of root fillings were based on two

variables; length and density. They were classified as

acceptable and unacceptable as follows:

1 Acceptable: The filling material ends 0–2 mm short

of the radiographic apex with no voids visible within the

material or between material and the root canal walls.

2 Unacceptable:

A Under-filled: The filling material ends more than

2 mm from the radiographic apex.

B Density problem: The filling material ends 0–2 mm

short from the radiographic apex with visible voids

within or between the material and the root canal

walls.

Khabbaz et al. Quality of root fillings
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C Over-filled: Materials extruded beyond the apex.

The criteria for radiographic classification of the

iatrogenic errors were based on:

1 Ledge: A ledge was considered present if the apical

extent of gutta-percha in the final radiograph deviated

from the original curvature compared with the work-

ing-length radiograph.

2 Perforation: A perforation was diagnosed when

extrusion of materials was detected in any area of the

root (lateral wall or the foramen of the root).

3 Fractured instrument: They were diagnosed through

observation of the final radiograph and according to

the radiopacity between the filling material and frac-

tured instrument.

Statistical analysis

Data were expressed as frequencies and percentages.

Differences in categorical variables were assessed using

Pearson’s chi square test. Bonferroni–Holmes correc-

tion was applied in order to maintain a familywise

a < 0.05, in cases of multiple comparisons. All tests

were two sided. Differences were considered as statis-

tically significant if the null hypothesis could be

rejected with >95% confidence (P < 0.05).

Results

The total number of collected cases that received root

canal treatment by the 4th and 5th year students was

759. From those 25 (3.3%) were excluded because of

radiographic deficiencies such as over-exposure or

over-development, under-fixing or abrasion, superim-

position of root canals and anatomical noise from

overlying structures. Finally, 734 teeth corresponding

to 1109 root canals were included. The distribution of

this sample according to the tooth type and location is

detailed in Table 2. More maxillary teeth (395 teeth)

and root canals (595 canals) were treated than

mandibular teeth (339 teeth) and canals (514 canals).

The difference was not significant (P > 0.05). However,

the distribution of frequencies of the various treated

tooth types differed significantly between the arches

(P < 0.001). In the maxilla, the most common tooth

types were incisors and premolars. In the mandible, the

pre-dominant types were premolars and molars. The

frequencies of RCT amongst different tooth types

differed significantly (P < 0.001). Molars exhibited

the highest number of completed RCT (42.5%), even

though they were the third most commonly treated

group of teeth. Specifically, 2.9 root canals on average T
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per tooth were treated in the molar group, a more than

200% increased frequency, compared to the other

groups in both arches. From the same table, it can be

noted that 4th and 5th year students performed 438

and 671 RCT on 255 and 479 teeth, respectively,

which means that 5th year students operated on 88%

more teeth and 53% more root canals than 4th year

students.

Technical quality of root fillings

From 438 RCTs performed in the 4th year of study,

acceptable fillings were detected in 226 (51.6%). From

671 RCTs performed in the 5th year of study, accept-

able fillings were detected in 382 (57%) and in both

academic years the percentage of acceptable fillings

was (54.8%) (Table 3).

From the 1109 root canals treated by the students in

both academic years, 595 were in the maxilla, from

which 345 (58%) were acceptable. Of the 514 in the

mandible, 263 (51.2%) were acceptable. Significantly

more acceptable root fillings were detected in the

maxilla than in the mandible (P < 0.05) (Table 4).

In both academic years, unacceptable root fillings

were detected in 501 root canals, from which 250 were

in the maxilla and 251 in the mandible. Even though

the frequency of unacceptable root fillings was almost

identical between maxilla and mandible (250 vs 251),

the distribution of fault subgroups significantly differed

between the two arches. Maxillary root canals exhib-

ited a similar frequency of under-filling and canals with

density problems (38.4% and 36%, respectively), which

were the pre-dominant causes for unacceptable fillings.

On the other hand, in mandibular canals, under-filling

was by far the most common cause, responsible for

49.4% of unacceptable root fillings. Fillings with

density problems only and over-fillings were detected

respectively, in 90 (36%) and 64 (25.6%) root canals in

the maxilla, in 78 (31.1%) and 49 (19.5%) respectively

in the mandible with no significant differences between

them (P > 0.05) (Table 4).

Of the 1109 root canals receiving treatment by the

students of both academic years, 339 were anterior

teeth, 299 pre-molars and 471 molars. Acceptable

fillings were found respectively in 241 (71%), 182

(60.9%) and 185 (39.3%). Students of both years

exhibited a significantly lower ratio of acceptable root

fillings in molars, compared to anterior teeth

(P < 0.05) and pre-molars (P < 0.05).

Thus, there was a statistically significant difference

(P < 0.05) between acceptable root fillings performed

in anterior, pre-molars and molars with descending

tendency, with the best in anterior and the worst in

molar teeth, for both academic years (Table 5). The

total of unacceptable root fillings and the causes of the

inadequacy are shown for 4th and 5th year students in

Table 5.

Iatrogenic errors

During their clinical training on patients, students of

the 4th year created iatrogenic errors in 144 root

canals out of 438 (32.9%) and of the 5th year in 203

Table 3 Acceptable and unacceptable root fillings performed

by undergraduate students

Acceptable Unacceptable Total

4th year 226a (51.6%) 212 (48.4%) 438 (100%)

5th year 382 (57%) 289 (43%) 671 (100%)

Total 608 (54.8%) 501 (45.2%) 1109 (100%)

aNo significant difference (P > 0.05) between acceptable root

fillings performed by students of 4th and 5th years.

Table 4 Acceptable and unacceptable root fillings (r.f.) according to their location in maxillary and mandibular teeth for the 4th

and the 5th academic years

Tooth location Academic year

Total

r.f.

Total of

acceptable

r.f.

Total of

unacceptable

r.f.

Under filled

root canals

Over filled

root canals

Density

problem

Maxillary 4th year 240 128 (53.3%) 112 (46.7%) 47 (42%) 24 (21.4%) 41 (36.6%)

Maxillary 5th year 355 217 (61.1%) 138 (38.9%) 49 (35.5%) 40 (29.0%) 49 (35.5%)

Total of maxillary r.f. 4th and5th year 595 345 (58%)a 250 (42%) 96 (38,4%)b 64 (25.6%)c 90 (36%)d

Mandibular 4th year 198 98 (49.5%) 100 (50.5%) 58 (58%) 13 (13.0%) 29 (29%)

Mandibular 5th year 316 165 (52.2%) 151 (47.8%) 66 (43.7%) 36 (23.8%) 49 (32.5%)

Total of mandibular r.f. 4th and 5th year 514 263 (51.2%) 251 (48.8%) 124 (49.4%) 49 (19.5%) 78 (31.1%)

Total 4th and 5th year 1109 608 (54.8%) 501 (45.2%) 220 (43.9%) 113 (22.6%) 168 (33.5%)

aStatistically significant difference (P < 0.05) between acceptable root fillings in maxillary and mandibular root canals.
bStatistically significant difference (P < 0.05) between under-filled maxillary and mandibular root canals.
c,dNo significant difference (P > 0.05) between over-filled and density problem in maxillary and mandibular root canals.
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out of 671 (30.3%). The difference was not significant

(P > 0.05) (Table 6). The distribution of frequencies of

different types of iatrogenic errors differed significantly

between 4th and 5th year students (P < 0.01). Even

though the percentages of ledges in root canals with

iatrogenic errors were similar (P > 0.05), 5th year

students created root perforations in only 14 root

canals (6.9%), which was 63.1% fewer than the

4th year students (P < 0.05). However, they created

foramen perforations in 76 root canals (37.4%), which

was 40% higher than foramen perforations created by

the 4th year students (37 root canals 25.7%)

(P < 0.05) (Table 6).

Iatrogenic errors were detected in 347 root canals for

both academic years from which 48 (13.8%) were in

anterior teeth, 72 (20.8%) in pre-molars and 227

(65.4%) in molars. The frequency of iatrogenic errors

differed significantly between tooth types (P < 0.001).

Molars exhibited the highest frequency of iatrogenic

errors and anterior teeth the lowest. All differences

between frequencies amongst the various tooth types

were statistically significant (P < 0.05) (Table 7).

Discussion

The material used in this study consisted of selected

endodontic records and periapical radiographs of

patients who received RCT. Only periapical radiographs

were used and at least three preoperative, intermediate

and postoperative were needed for each case to be

included. In total 1109 RCT were considered in both

jaws with no significant difference between the number

of RCT performed in the maxilla or in the mandible. In

this sample, it was found that students of both

academic years treated more root canals in molars

than in any other tooth group and, they conducted

more RCT in 5th than in 4th year.

In several studies, periapical health and improved

outcome of RCT were most likely to be associated with

dense root fillings, 0 to within 2 mm from the

radiographic apex (Saunders et al. 1997, Chugal et al.

2003, Ng et al. 2008). These radiographic criteria were

Table 6 Distribution of iatrogenic errors by academic year

Year of

study

Root canals

treated

Root canals with

iatrogenic errors Ledges

Root

perforation

Foramen

perforation

Separated

instruments

4th year 438 144a 78b (54.2%) 27c (18.8%) 37d (25.7%) 2 (1.4%)

5th year 671 203 112 (55.2%) 14 (6.9%) 76 (37.4%) 1 (0.5%)

Total 1109 347 (100%) 190 (54.8%) 41 (11.8%) 113 (32.6%) 3 (0.9%)

aNo significant difference (P > 0.05) between root canal with iatrogenic errors in the 4th and the 5th year of study.
bNo significant difference (P > 0.05) between ledged root canals in the 4th and the 5th year of study.
cSignificant difference (P < 0.05) between root canals with root perforation in the 4th and the 5th year of study.
dSignificant difference (P < 0.05) between root canals with foramen perforation in the 4th and the 5th year of study.

Table 7. Distribution of iatrogenic errors according to tooth

type in both academic years

Tooth type

Root canals

treated

Root canals

with iatrogenic

errors

Percentages

(%)

Anterior 339a,b 48 13.8

Pre-molars 299c 72 20.8

Molars 471 227 65.4

Total 1109 347 100

aSignificant difference (P < 0.05) between root canals with

iatrogenic errors in anterior and pre-molars of both academic

years.
bSignificant difference (P < 0.05) between root canals with

iatrogenic errors in anterior and molars of both academic years.
cSignificant difference (P < 0.05) between root canals with

iatrogenic errors in pre-molars and molars of both academic

years.

Table 5 Acceptable and unacceptable root fillings performed by students of both academic years according to tooth type

Tooth type

Total

r.f.

Total of

acceptable

r.f.

Total of

unacceptable

r.f.

Under filled

root canals

Over filled

root canals

Density

problem

Anterior 339 241 (71%)* 98 (29%) 27 (27.5%) 24 (24.5%) 47 (48%)

Premolars 299 182 (60.9%)* 117 (39.1%) 40 (34.2%) 33 (28.2%) 44 (37.6%)

Molars 471 185 (39.3%)* 286 (60.7%) 153 (53.5%) 56 (19.6%) 77 (26.9%)

Total 1109 608 (54.8%) 501 (45.2%) 220 (43.9%) 113 (22.6%) 168 (33.5%)

*statistically significant difference (P < 0.05) between acceptable root fillings in anterior, premolars and molars of the 4th and the

5th year.
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used in the present study to assess the quality of root

fillings performed by undergraduate students. Similar

criteria were used by others (Buckley & Spangberg

1995, Boltacz-Rzepkowska & Pawlicka 2003, Barrie-

shi-Nusair et al. 2004).

The evaluation of the radiographic technical quality

of root fillings in anterior and posterior teeth,

performed by 4th and 5th year dental students,

revealed that overall 54.8% were technically accept-

able. Whilst it is difficult to compare this finding with

other educational institutes, the trend appears similar

to some (Eleftheriadis & Lambrianidis 2005) and at

variance to others (Hayes et al. 2001, Barrieshi-Nusair

et al. 2004, Lynch & Burke 2006, Er et al. 2006,

Moussa-Badran et al. 2008). These differences may

occur because of different criteria used in evaluation,

materials, educational system, methods etc. For exam-

ple, in the study of Lynch & Burke (2006) 63 root

fillings out of 100 (63%) performed on single-rooted

teeth were acceptable. In this study, the evaluation of

the radiographic technical quality of the root fillings

was performed on a small number of teeth with one

straight root canal. Although the ratio in the present

study on anterior teeth only was higher (71%), this

figure does not reflect the real situation of the clinical

skill of the undergraduate students, because they also

have to complete endodontic therapy and show their

skill on multi-rooted teeth (European Society of

Endodontology 1994, 2001).

Comparing the present results with others (see

Table 1), it seems that the mean percentage of

adequate fillings performed by undergraduate students

(54.8%) was relatively high. However, under-reporting

of problems may have occurred because of the two-

dimensional radiographic images and the unknown

number of cases referred to the post-graduate clinic as a

result of difficulties or because of technically impair-

ment by the under-graduate students.

Different surveys have demonstrated that general

practitioners, even the recently qualified, do not follow

guidelines taught during their basic education (Helmi-

nen et al. 2000, Stewardson 2001, 2002, Hill & Rubel

2008). Thus, it can be speculated that the percentage

of 54.8% will probably be decreased amongst gradu-

ates. Undoubtedly, this needs to be improved. However,

it is already known from an investigation of the

frequency and distribution of root-filled teeth and

apical periodontitis in a Greek population that the

prevalence of apical periodontitis associated with the

root-filled teeth was 60% (Georgopoulou et al. 2005). It

is well established that the presence of apical periodon-

titis in root-filled teeth is often associated with inade-

quate root fillings.

For both academic years, the highest percentage of

acceptable root fillings was noted in anterior teeth and

the lowest in posterior teeth, especially molars. Similar

results were found in other educational institutes

(Barrieshi-Nusair et al. 2004, Eleftheriadis & Lambri-

anidis 2005). Furthermore, in several studies concern-

ing national populations, it was detected that molar

teeth had significantly higher levels of apical periodon-

titis compared with other teeth (Kirkevang et al. 2001,

Jimenez-Pinzon et al. 2004, Georgopoulou et al. 2005,

Loftus et al. 2005, Ridell et al. 2006). Thus, it is

apparent that in Dental Schools and dental practice, it

is difficult to treat molar teeth successfully. Accord-

ingly, modification of the educational program needs to

take place to emphasize the differences between treat-

ing molars versus anterior teeth and to acquire the

clinical skill requested. Specifically, the introduction of

hand and rotary Ni–Ti instruments for the instrumen-

tation of molar root canals may be of benefit. Clinical

research has demonstrated that there was a higher

incidence of procedural errors and a lower success rate

for primary RCT of molar teeth prepared with stainless

steel files compared with the use of Ni–Ti instruments

in a continuous reaming action (Cheung & Liu 2009).

The percentage of unacceptable root fillings was

45.2%. The reason for this high percentage is probably

correlated to inadequate chemomechanical preparation

or/and the filling of the root canals. The technique

taught for chemomechanical preparation was tradi-

tional serial step-back with stainless steel K-files used in

a filing motion and for the filling of root canals was

lateral condensation of cold gutta-percha. It is known

that the step-back technique used by inexperienced

students may produce procedural errors such as ledges,

blocking and transportation of the root canal, which

may lead to incomplete cleaning and underfilling

(Greene & Krell 1990, Gambarini 1999, Kfir et al.

2004). Moreover, the usage of stainless steel instru-

ments may produce a high incidence of procedural

errors, which may reduce the prognosis (Cheung & Liu

2009).

Furthermore, the lateral condensation of cold gutta-

percha in a nonflared or minimally flared root canal

may create voids. Following this study, it was decided

to emphasize on using Ni–Ti instruments and preflaring

of the root canal before the measurement of the

working length and to recapitulate between instru-

ments with a small file to loosen the accumulated

debris in the apical portion of the root canal.
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One of the aims of academic teachers must be to

improve knowledge and skills through the improve-

ment of the educational program. The educational level

offered in Endodontics has been a topic of great interest

(Qualtrough & Dummer 1997, Qualtrough et al. 1999,

Hayes et al. 2001, Petersson et al. 2002, Barrieshi-

Nusair et al. 2004, Eleftheriadis & Lambrianidis 2005,

Lynch & Burke 2006, Er et al. 2006, Sonntag et al.

2008). The quality of education is a resultant of many

factors such as time devoted to theoretical and practical

teaching and training (pre-clinical and clinical), the

ratio of supervisors: students, the clinical and scientific

level of teachers if they are specialized or not, the

teaching aids, the assessment methods, etc.

Aiming to enhance the clinical performance of

undergraduate students in endodontics, changes have

already been made to the pre-clinical course. These

include better theoretical teaching and laboratory

exercises and better training of teachers because of

special staff-seminars organized by the administration

of our School.

These changes have led to the following:

1 Increase in laboratory training time,

2 Improvement of the teacher to student ratio from 1/

15 to 1/6,

3 Involvement of specialist endodontists and third year

postgraduate students in pre-clinical education,

4 Insertion of flexible laboratory seminars that are

supported by practical demonstrations of each exercise

immediately before training,

5 Implementation of audiovisual technology in education,

6 Use of new technology such as the rotary instrumen-

tation and the electronic measurement of working length,

7 Addition of seminars on molar endodontics and

increasing the number of molars treated in the laboratory,

8 Application of an assessment system that includes

student self-assessment and staff assessment, theoreti-

cal and practical examination on an extracted tooth at

the end of the 5th and the 6th semester

9 Adoption of flexible examinations that consist of the

summation of three written test with the mean average

degree of the theoretical and practical assessment in the

laboratory.

Finally, it will be of great interest to repeat the same

research in the future to assure the predictability of the

new educational measures.

Conclusions

The radiographic quality of RCT performed by the 4th

and the 5th year undergraduate students in the School

of Dentistry of the University of Athens was acceptable

in 54.8% of cases. As a result, there is a need to

improve the quality of the RCTs performed by under-

graduate students, through the revision of the pre-

clinical educational program in Endodontics. Special

emphasis must be placed on the educational methods

and training of students providing root filling on molar

teeth.
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Touré B, Kane AW, Sarr M, Ngom CT, Boucher Y (2008)

Prevalence and technical quality of root fillings in Dakar,

Senegal. International Endodontic Journal 41, 41–9.

Weiger R, Hitzler S, Hermle G, Lost C (1997) Periapical status,

quality of root canal fillings and estimated endodontic

treatment needs in an urban German population. Endodon-

tics and Dental Traumatology 13, 69–74.

Quality of root fillings Khabbaz et al.

International Endodontic Journal, 43, 499–508, 2010 ª 2010 International Endodontic Journal508


