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Abstract

Aim: to evaluate radiographic quality of root canal fillings performed by General Dental Practitioners (GDPSs) in Libya.
Methods: A total of 599 endodontically treated teeth with 994 roots were evaluated. Assessment of the quality of root canal
fillings was done by tracing digital periapical radiographs for different types of teeth without enhancement by two
calibrated endodontists, evaluating length, density and taper. The length of each root canal filling was categorized as
acceptable, short or overfilled based on the relationship of the filling with the radiographic apex. Density and taper were
evaluated based on presence of voids and uniform tapering of the filling. The overall quality was considered adequate if all
three criteria were adequate. Results: Overall 11.7% of all evaluated teeth had an acceptable root canal filling Adequate
length of root filling was found in 53% of the maxillary teeth and in 40.4% of mandibular teeth. A significance difference
(P<0.001) was found between tooth type and length of root canal filling (48.2%, 11.9% and 39.9% for adequate, over, and
short root filling respectively). Adequate density was found in 22.3% of maxillary and 17.4% of mandibular teeth. A
significant difference between tooth type and density of root filling (P<0.05) was found. Adequate taper was found also in
42% of maxillary and 33% of mandibular teeth. There was a significant difference (P<0.001) between tooth type and
adequacy of root filling taper. Conclusion. The technical radiographic quality of root canal fillings performed by general
dental practitioners was found to be substandard. There is an urgent need to improve it.
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prevalence of post-treatment apical periodontitis owing to the

1. INTRODUCTION substandard technical quality of root fillings and restorations.
The main goal of root canal obturation is to prevent re-infection Hence, there is an urgent need for the improvement of the
of root canal system and allow healing of periapical lesion.! It is quality of root canal treatment in order to minimise the
well documented that the success of root canal treatment relays incidence of apical periodontitis.'?

on the quality of root canal filling.%® Previous studies**!

reported that poor quality of endodontic treatment can be Root canal treatment is often a challenging area for the general
directly related to apical periodontitis. A recent study carried dental practitioners (GDPs) especially the endodontic treatment
out by Thampibulet and colleagues®? reported an increase in the of posterior teeth.!4 Literature search showed many
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epidemiological studies focused on the technical quality of root
canal filling among the undergraduate students and few of
researches were looked at the quality of root canal fillings
among general dental practitioners. While, Bjgrndal and
colleagues®® reported a satisfactory and excellent quality of
endodontic treatment via a self-assessment survey looking at the
knowledge and skills of Danish GDPs, other epidemiological
studies reported undesirable quality of root canal treatment
among either general dental practitioners or undergraduate
students, 5816-36

Modern endodontic courses have focused on the improvement
of the technical quality of root canal procedures. It is well
documented that there is an association between undergraduate
training course and adequate quality of root canal obturation
which were performed by general dental practitioners.37-40
Moradi and Gharechahi®* highlighted the importance of
evaluating the quality of root canal treatment for planning the
educational program in Endodontics. Root canal filling is a
crucial component in endodontic treatment*!, and an essential
criterion for the evaluation of root canal treatment via periapical
radiographs which is recommended by the European Society of
Endodontology #? as assessment tool. Those criteria include:
preparing a tapered root canal from crown to apex, absence of
voids between root canal filling and canal walls and finally the
root canal filling preferably terminate within 2mm of periapical
region clearly identified. Failure of adequacy in any of the
aforementioned criteria can expose the treated tooth to a higher
risk of failure and subsequent development or persistent
periapical lesion.®

The majority of endodontic treatments in Libya are performed
by GDPs; therefore, the aim of the current study was to evaluate
the technical quality of root canal treatment performed by
general dental practitioners at different private dental practice in
Libya.

2. MATERIALS AND METHODS

A retrospective clinical review was carried out on patients

records of endodontic treatment performed by General Dental

Practitioners in private dental clinic in Libya. A randomly

selected 611 records for patients who had received dental

treatment in different private clinics.

Inclusion criterion:

e Endodontic treatment should be completed by GDPs.

e Good quality periapical radiograph.

Exclusion criterion:

e Root canal treatment with a post-retained core.

e Incomplete endodontic treatment and records without post-
operative radiographs.

e Unreadable radiographs due to superimposition of adjacent
structures, excessive
elongation or foreshortening of the image.

e Teeth had surgical procedure e.g. Apicectomy,
enucleation.

e Teeth with endodontic mishaps such as perforation, missed
canal or separated instrument.

o Teeth with signs of internal or external root resorption.

e Any retreatment cases.

Twelve unreadable radiographs for patients’ records were

excluded from the study. The remaining 599 records were

fulfilled the inclusion criteria. A total of 994 root canals were

evaluated for the quality of root canal fillings.

cyst

All radiographs were independently examined by two
endodontists. The results of assessment were compared by the

two assessors and a final agreement between the assessors was
made. In case of disagreement, a third investigator was asked to
interpret the radiographs and a final agreement was reached.
The latter was the case in only three canals.

Power of agreement was measured using Cohen’s kappa (k)
values [K<O less than chance agreement, 0.01-0.20 slight
agreement, 0.21- 0.40 fair agreement, 0.41-0.60 moderate
agreement, 0.61- 0.80 substantial agreement, and 0.81-0.99
almost perfect agreement]. The calculated Kappa value was
0.97, which indicate a perfect agreement. The quality of
endodontic treatment was determined by the length of root
filling in relation to radiographic apex, the density of the
obturation according to the presence of voids and the taper of
the root canal fillings (consistent taper from coronal to apical
aspect of the root). The following criteria [Table 1] of
radiographic interpretation were adapted by Barrieshi-Nusair
and colleagues.*

Table 1: Criteria for evaluation of root canal filling.

Criteria Status Description

Root filling ending <2
mm from the radiographic
apex.

Adequate

Length of root

canal filling Root filling beyond the

Over-filling radiographic apex.

Root filling >2 mm short

Short filling | from the radiographic apex

Voids present in the root
filling or between root
filling and root canal walls

Inadequate
Density of root

canal fillin - -
g No voids present in the

root filling or between root
filling and root canal walls

Adequate

No consistent taper from

Inadequate the coronal to apical part

Taper of root
canal filling

Consistent taper from the

Adequate coronal to apical part
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The overall quality was considered adequate if all variables
(length, density and taper) were adequate. Data were analysed
using SPSS software version 20 (SPSS Inc, Chicago, IL, USA).
Descriptive analysis for each variable was calculated and Chi-
square analysis of association at <0.05 were performed.

3. RESULTS

Five hundred ninety-nine teeth (994 roots filled canals) were
investigated in this study. The distribution of examined teeth is
shown in Figure 1. Maxillary premolars and mandibular molars
represent half of the studied sample (50%). Figure 2 illustrates
the distribution of teeth according to group (anterior, premolar
and molars). The largest sample composed of premolars teeth..

Overall quality:

The overall quality of root canal filling was defined by the
combination of all three outcome variables (i.e. length, density,
and taper) for both maxillary and mandibular teeth [Figure 3].
Though the percentage of adequate root fillings was 11% in
maxillary teeth and 12.8 % in mandibular teeth, the difference
between the jaws was not statistically significant [P > 0.05].
Figure 4 illustrate the incidence of inadequate root canal filling
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in each tooth type. The inadequate root canal fillings were o g
observed more in maxillary molars (95%) and mandibular e iy
molars (91%).
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Figure 4: The overall quality of the root canal filling in each tooth
in both arches.
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Length of the roots canal fillings: Adequate length of root
fillings were observed in 53.3% of maxillary teeth and 40.4% of
mandibular teeth. There was a significant difference between
both arches [P= 0.008]. The highest percentage of inadequate
root canal fillings (short and over filling) were observed in
mandibular molars (71%) followed by maxillary premolars

(59%) and maxillary molars (45%) [Figure 6].
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Figure 6: The relation between tooth type and length of the root
fillings
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There was a statistically significant difference between length of
root canal fillings and tooth groups [P<0.001] (Table 2) and also
length of root canal fillings and number of roots (Table 3)
[P<0.001].

Table 2: The quality of the length of the root canal filling according
the group of teeth.

Tooth Length of root fillings

group Adequate Overfilling Short filling
Anterior 97 (65.5) 22 (14.9) 29 (19.6)
premolar 118 (48.2) 29 (11.8) 98 (40)

Molar 74 (35.9) 20(9.7) 112 (54.4)

Total 289 (48.2) 71(11.9) 239 (39.9)

Values in parentheses are in percentages

Table 3: The quality of the length of root canal filling according to
the number of roots.

Number of Length of root fillings
roots Adequate Overfilling Short filling
One root 163 (61.5) 40 (15.1) 62 (23.4)
Two roots 92 (33.7) 28 (10.3) 153 (56)
Three roots 34 (55.7) 3(4.9 24 (39.3)
Total 289 (48.2) 71(11.9) 239 (39.9)

*Values in parentheses are in percentages

Density of root canal fillings:

The inadequate density of root fillings was observed in 77.7%
and 82.6% of maxillary teeth and mandibular teeth respectively.
There was no significant difference between both arches [P=
0.154].

Density and tooth types: The inadequate density of root canal
fillings was observed more in maxillary molars, mandibular
molars and maxillary premolars (88%, 87%, 78% respectively)
[Figure 7].
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Figure 7: The relation between tooth type and density of the
root fillings

Density, tooth groups and the number of the roots:

Table 4 demonstrate the relation between the density of root
canal fillings and teeth groups, and also the density of root canal
fillings and the number of roots. There was a statistically
significant difference between the teeth groups and density of
the root canal fillings [P = 0.002]. There was also a significant
difference between the number of the roots and density of the
root canal fillings [P=0.02].

Taper of root canal fillings:

The inadequate taper of root fillings was observed in 58% and
67% of maxillary and mandibular teeth respectively. There was
a significant difference between both arches [P=0.03].

Table 4: The relationship between the density of root canal fillings with the groups of teeth and the number of the roots.

Density of Tooth groups Number of the roots
the root .
Anteri Two Three
c_ar_lal ors Premolars Molars Total One root roots roots Total
filling
Inadequate 109 188(76.7) 180(87. 477(79.6) 199(75.1) 224(82. 54(88.5) 477(79.6)
(73.6) 4) 1)
Adequate (2%94) 57(233) | 26(12.6) | 122(20.4) | 66(249) | 49(17.9) | 7 (115) 122(20.4)
Values in parentheses are in percentages
Taper and tooth type: 1 Taper of
Inadequate taper of root canal fillings was observed more in ?'I%fﬁau
maxillary (83%) and mandibular molars (75%) [Figure 8]. Bosonse

Taper, tooth groups and the number of the roots:
According to tooth groups; Table 5 demonstrates the relation
between the taper of root canal fillings with both tooth groups,
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Figure 8: The relation between the tooth type and the taper of root

canal fillings

and number of roots. There was a statistically significant
differences between the tooth groups and the taper of the root

canal fillings [P <0.001] and also the number of roots and taper
of root canal fillings [P< 0.001].

Table 5: The relationship between the taper of root canal fillings and tooth groups and number of roots

Taper of the Tooth groups Number of the roots
root canal Anterior | Premolar Molar Total One Two Three Total
filling root roots roots
Inadequate 61(41.2) | 148(60.4) | 160(77.7) 369(61.6) 127 (47.9) 191(70) | 51(83.6) 369(61.6)
Adequate 87(59.8) 97(39.6) 46(22.3) 230(38.4) 138 (52.1) 82(30) 10(16.4) 230(38.4)

Values in parentheses are in percentages

4. DISCUSSION

This study was carried out to evaluate the technical quality of
root canal treatment performed by GDPs in Libya. In this study,
it was decided to include only general dental practitioners
graduated from the Faculty of Dentistry, University of Benghazi
with clinical experience in endodontics ranged from 5 to 10
years and had not undertaken any postgraduate training in
endodontics after graduation. It was believed that would
indirectly assess their undergraduate course level in
endodontics. The current study utilized data, which comprised
of a sample of unenhanced digital radiographs for patients who
received root canal treatment by general dental practitioners at
the different private clinics in Libya. Patient’s panoramic
records were excluded from the current study owing to the
following: they provide less inter-examiner reliability®;
difficult to interpret 8 and low Kappa values for intra-observer
agreement 6 when compared to periapical radiographs.

The criteria used to assess the quality of root canal fillings were
similar to those used in other studies.**44648 Literature search
showed that most of studies focused on the evaluation of the
quality of root canal fillings performed by the undergraduate
students which plays an important role in influencing the
knowledge and skills of graduates. The quality of endodontic
treatment among the GDPs in different countries had been
investigated by few researchers; in Poland,* Spain?® and
Jordan?®, authors reported the inadequacy of treatment. The
latter is in agreement with the current study which reported a
disappointing level (12%) of good quality root canal fillings. It
could be attributed to the deficiency of undergraduate
endodontic training programme,*® therefore, the quality of
endodontic treatment performed by general dental practitioners
will be substandard. Qualtrough et al 38 believed that more
practical experience is needed at the undergraduate level. In the
UK, a number of researches 95! were interested in the
evaluation of the quality of endodontic treatment performed by
undergraduate students: authors found that the newly qualified
vocational trainees in general practice were not pleased with
their undergraduate teaching experience in endodontics.
Dummer®? argued that could be attributed to the limitation of
time that has been allocated for endodontic course and also
owing to poor staff to student ratio. Furthermore, teaching of
endodontics in undergraduate was mostly not given by
specialist endodontists.

All the participants in this study graduated from the university
of Benghazi and therefore we will focus on the undergraduate
programme in the Faculty of Dentistry, University of Benghazi.
Previously, the number of teaching hours for theoretical part of
endodontic program had been less than allocated for
conservative dentistry, and also with fewer laboratory and
clinical hours compared to conservative dentistry. Moreover,
teaching hours were only allocated to the third and fourth years
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of a five-year undergraduate program, which is in agreement
with other studies carried out in other countries.*4*5% The
restricted time for endodontic teaching tends to limit student’s
preclinical training in endodontics with resultant difficulties
experienced during clinical practice. Similar teaching problems
have been addressed by several investigators who evaluate the
undergraduate endodontic teaching programme in the UK.
38,5254 Interestingly, the time allocated for theoretical program in
the Faculty of Dentistry, University of Benghazi is comparable
to those programs practiced throughout dental schools in many
countries, which also revealed significant shortage in laboratory
and clinical sessions.*7:4044

Recently, in Benghazi Dental School, all efforts have been
made to accommodate more clinical and laboratory sessions for
the endodontic program to be online with conservative
dentistry. In near future program, the students should start
training on extracted teeth in the third and fourth year to be
illegible for working on patients in intern period. ldeally, the
students should work on patients in the final year. However,
owing to the large number of students with current facilities and
limited number of endodontists in the department may delay
this procedure. The undergraduate endodontic program should
ideally be delivered to the students by endodontists. The number
of endodontic sessions is insufficient to fulfill all the students
needs and, consequently, not all students will get the
opportunity to perform the endodontic treatment and gain wide
experience in endodontics. Other studies have demonstrated
similar concerns.524%44 The student: staff ratio is significantly
disproportion similar to that reported in other studies. 404455A
recent meta-analysis®® revealed that the frequency of
unacceptable quality of root fillings increased significantly as
the tooth position moved further posteriorly. In the current
study, molar teeth showed the highest level of inadequate root
canal fillings compared with other teeth. The latter was in
agreement with other study.*® This could be attributed to
complex anatomy of molar teeth which mainly have narrow and
curved canals that considered to be difficult and challenging to
treat by GDPs.

Length of the root canal filling is considered as an important
factor for the success of endodontic treatment. An improvement
of the outcome of RCT were observed when the length of root
canal fillings ends 0—2 mm short from radiographic apex. 4 In
the current study, it was reported that short root fillings were
observed in 40% of studied sample compared to only 12%
exhibited overfilling. The inadequacy of the length of root
canal fillings were observed more in mandibular molars (61%).
The latter is in agreement with other studies.®** It could be due
to canal curvature and failure to negotiate both mesio-buccal
canals. Furthermore, it was also observed that maxillary
premolars represent the second most common teeth exhibited
short root canal fillings. The latter is in agreement with other
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authors.*”%¢ Short root canal fillings could be attributed to
iatrogenic errors such as short root canal preparation, ledge
formation, canal blockage, and root canal transportation that
may occur during root canal preparation. Any of these
procedural errors may reduce the efficiency of cleaning and
shaping, subsequently increase the possibility of underfilling®”
and adversely affects the prognosis of root canal treatment.%® It
is well documented that the sole use of only radiograph in
challenging root canal cases might lead to inaccurate working
length determination. It is highly recommended to use
electronic apex locators as adjunct to radiographs owing to its
accurate measurement which reach up to 97%.3%57

Other important factor for the long-term success of endodontic
treatment is adequate density of root canal fillings.5%5° It is well
documented that one of the causes of the failure of root canal
treatment is micro-leakage, which, resulted from inadequate
density of root canal fillings.5! The direct correlation between
the incidence of apical periodontitis and inadequate densities
were highlighted by Eriksen & Bjertness.5? The density of the
root canal fillings were considered inadequate if there was any
voids present between the root canal fillings and root canal
walls.?* In this study, inadequate density of root canal fillings
were found to be the most common cause of inadequacy of root
canal fillings. This is agreement with a recent meta-analysis
carried out by Riberio and colleagues®® and other authors.31:63 |t
was believed that cold lateral condensation technique with gutta
percha may produce voids in the root canal which was not well
flared.5* In this study, the overall adequate density of root canal
fillings were substandard and inadequate (79%). The latter is
alarming as it may jeopardize the treatment outcome. Other
studies reported a range of adequate density from 27.6% to
92.6%. 8283132444865 There was no significant correlation
between maxillary and mandibular teeth with regards to the
density of the root canal fillings, which is in agreement with
other authors.*466

The third and important factor for the success of endodontic
therapy is the taper of root canal fillings. In 2006, the European
Society of Endodontology®” highlights the importance of
preparing a taper root canal from the crown to apex and also
recommended maintaining the original shape of root canal
during and after canal instrumentation. The latter promote
healing of periapical area and success of endodontic treatment. 5
Only few studies considered the taper of root canal among the
criteria for evaluating the quality of root canal fillings.
Although, the assessment of taper of the canal was considered
as a subjective criterion,® including the taper in this study
allowed better following of canal shape and overall evaluation
of technical quality of root canal fillings. In the current study,
the adequate taper of root canal fillings was observed in only
38% studied sample. This figure is lower than reported in other
studies.831446% The latter may be owing to the different
instrumentation technique which had been used by GDPs which
subsequently affect the outcome of the taper of the canal. The
inability of the dental practitioners to keep the original canal
shape and proper taper of the root canals may lead to
endodontic mishaps such as ledges and perforation. Generally,
in order to improve the technical quality of root canal treatment
performed by the GDPs, the undergraduate curriculum has to be
revised. Improvement in training and focusing on the laboratory
and clinic training will definitely improve the standard of
endodontic treatment. Moreover, further training courses should
be arranged for GDPs who are interested in practicing
endodontic therapy. The latter will definitely motivate them and
improve their skills which subsequently minimise the
procedural errors and increase the success rate.
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This study was limited by the fact that the GDPs did not keep
complete records of all patient details (e.g. sex, age, etc), and
there was no information about the techniques used during canal
preparation or obturation. Further research should be conducted
such as a prospective study to assess the quality of root canal
fillings with standardised instrumentation and obturation
techniques.

4. CONCLUSION

The results of this study showed a high incidence of
unacceptable root canal fillings performed by general dental
practitioners in Libya. The low percentage of acceptable root
fillings highlight the importance of continuous training course
in endodontics. An urgent revision and improvement of
undergraduate programme, preclinical and clinical training and
also conducting training courses for GDPs under the
supervision of specialists or consultants in Endodontics would
be beneficial for improving the quality of endodontic treatment.

Acknowledgment: The authors wish to thank all GDPs for their
invaluable contribution in this study by providing this research
data. Authors have assured that all data will be kept safe and
secure in order to protect GDPs confidential information.
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