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Aim: Root canal treatment (RCT) is a common procedure practiced daily by dentists worldwide. The current systematic review aimed 
to evaluate and compare clinical studies on the quality of root canal fillings (RCFs) carried out by dentists with different levels of 
experience conducted worldwide with those conducted specifically in Saudi Arabia (SA).
Materials and Methods: A full literature search was conducted in Clarivate Analytics’ Web of Science, Elsevier’s Scopus, Embase, 
CINHAL, and PubMed, without a restriction to studies published before January 2015. Also, a manual search was carried out by 
checking papers that may have been missed during the electronic search. The following keywords were used: [(quality of root canal 
filling(s)) OR (quality of root canal obturation)) and dental practitioners as (general dental practitioners; final year students; 
endodontist; specialist) AND (root canal obturation) OR (endodontic treatment)]. Parameters of the quality of RCFs, such as length, 
density, and taper, were assessed and counted.
Results: A total of 13 worldwide and nine SA studies were included in this review, published between 2015 and 2023. Molars were 
the most treated teeth, at 42.3% and 40.2% for the worldwide and SA studies, respectively. Cases treated by final year students had the 
highest percentage, at 60.0% for both study groups. The percentages of acceptable quality, with regard to the length, density, and taper 
of RCFs, were 70.9%, 77.6%, and 84.3%, and 73.2%, 64.6%, and 67.8% for the worldwide and SA studies, respectively.
Conclusion: The overall acceptable quality of RCFs was marginally higher in worldwide studies than in SA studies. Both prevalences 
can be considered as good, which indicates that the quality of RCFs is moving in the right direction.
Keywords: root canal filling, quality, obturation, Saudi Arabia, clinical studies, procedural errors

Background
The global prevalence of teeth with root canal fillings (RCFs) provides an indication of the total of number and activity 
of dentists dedicated to treating teeth endodontically and removing pulpal diseases. Root canal treatment (RCT) is a very 
common treatment all over the world. More than 50% of people investigated in one analysis had a minimum of one 
RCF.1 The international rate of RCT is, on average, greater than 8%. When studies from the 20th century are compared 
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with those of the 21st century, a decline in the incidence of RCT is detected, which may reflect a change in the 
therapeutic attitudes of dentists in the management of endodontic diseases.1

The purposes of RCT are to preserve the role of a tooth, treat diseases of the pulp, and minimize, cure, and prevent the 
diseases of periapical tissue. Apical periodontitis is primarily triggered by microbial occupation due to dental caries or trauma, 
or contact of the pulp material with the oral microbiota during routine dental procedures.2 RCT also reduces the microbial 
residents within the root canal structure. This is achieved through full chemomechanical preparation and ultimately a sealed 
obturation of the root canal space to prevent reinfection.3 Therefore, it is essential to evaluate the quality of RCFs through 
radiographic examination. This evaluation involves assessing the radiographic appearance of the RCFs, specifically looking 
for well-obturated canals where the filling extends close to the apical constriction of every canal.4

The American Association of Endodontists employs radiographic evaluation of three criteria to estimate the 
methodical achievement of obturation: the length, shape, and density of the RCF.5 The length of the RCF is considered 
acceptable if the root filling ends ≤2 mm from the radiographic apex; uniform density of the root filling without voids, 
and with no visible canal space, is an indication of good density; and the taper of the RCF, in the form of a proper, 
consistent taper from the coronal to the apical part of the filling, is a good reflection of the canal shape.5,6 The guidelines 
of the European Society of Endodontology for the radiographic evaluation of RCFs recommend that the root canal should 
be entirely filled, with no space or voids among the filling and canal wall, and placed 0.5–2 mm beneath the radiographic 
apex.6 Overfilling or inadequate filling of a root canal obturation will determine the success rate of RCT.7

Several studies have reported that the outcome of RCFs is influenced by the length of RCF in relation to the apex.8–13 

In addition to the length of the RCF, other studies assessed the density and taper of RCFs, and recorded different 
percentages of those parameters among studies conducted internationally8–10,14–17 and in Saudi Arabia (SA).12,13,18–20

Furthermore, procedural inaccuracies, such as the development of ledges, zip and elbow developments, separated 
instruments, and perforations, have the potential to arise during RCT procedures. Such errors could lead to cleaning and 
shaping difficulties, root filling leakage, and infection of periradicular tissues, thereby posing a threat to the overall 
success of RCT outcomes.21 Achieving optimal clinical outcomes in endodontic work necessitates a combination of up-to 
-date knowledge, comprehensive training, and the use of modern technology. Continuous education and training can 
contribute toward improving the skills required for difficult procedures, enhancing the practitioner’s ability to navigate 
complex anatomical variations and challenging cases.22 Several studies have recorded varying percentages of procedural 
errors worldwide8,10,16,23 and in SA.12,24–26

The quality of non-surgical RCT may vary in dentistry, as it can be performed by final year students (FYSs), general 
dental practitioners (GDPs), and specialists. These differences are accompanied by dissimilar stages of knowledge, years of 
clinical practice, and dexterity. Some studies have revealed that GDPs do not follow the guidelines on which they were 
trained during their basic education.27,28 In addition, Bajawi et al and Yusufoğlu and Sariçam reported that canal treatment 
completed by endodontists was better than that performed by GDPs in terms of the quality of RCFs.19,29 Furthermore, 
Pietrzycka et al reported a higher percentage of overfilled root canal being accomplished by specialists than by GDP, with 
probable explanations being the endodontists’ efforts to reach the root canal apex and their better preparation.30

Quite a few systematic reviews have been performed to evaluate the quality of RCFs. León-López et al evaluated the 
incidence and frequency of RCF globally, and concluded that more than 50% of people have at least one canal with an 
RCF.1 The procedural quality of RCFs accomplished by students during their study program is low, which may indicate 
that root canal education is inadequate.31 Burns et al documented that the outcomes of primary RCT remain high, and, 
overall, it is a consistent and effective way of preserving normal teeth, no matter which outcome criteria are used.32 This 
review was designed to assess and compare the studies conducted worldwide to those carried out in SA, in relation to the 
quality of RCFs accomplished by FYSs, GDPs, and endodontists, regarding the parameters of density, taper, and length.

Materials and Methods
Review Question
This review was undertaken following the procedures of the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA; www.prisma-statement.org).31,33,34 The Population, Intervention, Comparison, Outcome 
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(PICO) set-up was utilized to articulate the focused question, based on Ribeiro et al,31 ie, whether the quality of RCFs 
achieved by FYSs, GDPs, and endodontists, in the form of density, length, and taper (Intervention), used to restore 
anterior, premolar, and molar teeth (Population), is the same in all teeth (Outcome), in studies conducted worldwide 
compared to those carried out in SA (Comparison).

Selection Criteria
Most RCFs are performed by students during their final year of study and GDPs, but a smaller number of more difficult 
cases are carried out by endodontists. The inclusion and eligibility measures were as follows: (i) in vivo surveys 
evaluating the quality of RCT (obturations) of all maxillary and mandibular teeth; (ii) surveys judging the quality, in 
terms of acceptable and unacceptable quality, performed by FYSs, GDPs, and endodontists; (iii) studies using periapical 
x-rays; (iv) studies measuring at least two of the three parameters (length, taper, density); and (v) papers available in 
English. In vitro research involving RCT teeth treated for preclinical teeth in the preclinical setting or using finite element 
analysis were excluded. Systematic reviews, pilot studies, editorials, case documents or series, and published papers that 
were only available in languages other than English were similarly excluded from this review.

Literature Search
The search strategy used a combination of Medical Subject Headings (MeSH) terms and free keywords (root canal 
treatment, root canal filling, general dental practitioners, final year students, endodontist, worldwide studies, Saudi 
Arabia studies), along with Boolean operators (AND, OR, NOT) in relation to the PICO question. An electronic literature 
search of the databases was conducted between September and December 2023 by two operators, including a senior 
librarian specializing in dental sciences, using the following databases: Clarivate Analytics’ Web of Science, Elsevier’s 
Scopus, Embase, CINHAL, and PubMed (MEDLINE), without restricting studies published before January 2015. In 
addition, a manual search was performed by checking the bibliographies of all initially selected papers to identify studies 
that may have been missed in the electronic search. Studies published before 2015 were excluded because of the 
introduction of more recent materials and equipment used in RCT globally.

Study Selection
The paper collection steps passed through several phases, based on: (i) title importance, (ii) abstract significance, and (iii) 
analysis of the whole paper. The collected papers saved by both the electronic and manual searches were grouped and 
evaluated for inclusion according to the eligibility criteria.

Data Extraction and Analysis
Microsoft Office Excel software was used to extract data from the included articles, which were separated into 
those conducted worldwide and those conducted in SA. These data included (i) study characteristics, which 
included researcher(s), publication years, and country in which the study was conducted, number of canals treated, 
study design and type, percentage of tooth types, and the dental setting and operators’ level or status; (ii) quality 
of the RCF treatment obturations in relation to length, density, and tapers, with all of these parameters being 
assessed as acceptable or unacceptable, and registered as a total percentage; (iii) procedural errors that arose 
during RCT and obturation of the canals, in the form of ledges, apical transportation, fractured instruments, apical 
perforation, root perforation, etc; and (iv) the outcome of the assessed parameters and presence of significant 
differences, if any.

Quality of Evidence
The value of evidence for each study was reviewed according to the Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) Handbook.35 According to GRADE, aspects that can decrease the quality of 
evidence comprise things such as outcomes in study approach or accomplishment (risk of bias), variation of outcomes, 
indirectness of evidence, imprecision, and publication bias. The quality of the assessed studies was gauged using the 
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restrictions of earlier published systematic reviews conducting in vivo surveys.32,36,37 GRADE’s quality of evidence 
levels are categorized from low to high: very low, low, moderate, and high.35

Results
Literature Search and Study Selection
The principal search resulted in 1329 studies. After eliminating 1112 unrelated and duplicate papers and titles, the authors 
went through the abstracts of 219 papers to eliminate ineligible research. A total of 134, 16 (11+5), and 47 published 
articles were omitted for specific reasons (title and abstract contents, studies measuring only one of the three RCF 
parameters, unretrieved papers, reviews, or studies using other types of x-ray), and 22 papers were nominated for whole 
paper retrieval. Finally, 13 worldwide8–11,14–17,23,29,30,38,39 and nine SA articles 12,13,18–20,24–26,40 were included in the 
current review. These papers measured the quality of clinical RCF or obturation achieved by FYSs, GDPs, and 
endodontists (specialists and consultants) for anterior (incisors and canines), premolar, and molar teeth. No disagree-
ments were raised between the evaluators. The PRISMA flowchart of the literature search method is shown in Figure 1. 
Table 1 summarizes the in vivo papers evaluating the quality of RCT conducted worldwide and in SA.

Characteristics of the Included Clinical Studies
Figure 2 shows the features of all clinical studies included in this review. Thirteen of the studies were conducted 
worldwide,8–11,14–17,23,29,30,38,39 and the others were carried out in SA.12,13,18–20,24–26,40 In relation to publication year, the 
highest percentage of worldwide studies, 61.6%, was published in 2020 and later, whereas the highest percentage of SA 
studies, 66.7%, was conducted between 2015 and 2019. Teeth with three RCFs were the most treated teeth, at 42.3% and 
40.2% of worldwide and SA studies, respectively. Cases treated by FYSs were the highest percentages, at 60.0% for both 
study groups, while those treated by specialists saw the lowest percentages, at 13.3% and 10.0% for the worldwide and 
SA studies.

Root Canal Filling Outcomes
Figure 3 shows the ratios of the different quality of RCF parameters, in relation to different operator levels and 
experience in the worldwide and SA studies. Endodontists recorded the highest acceptable quality percentages in all 
RCF quality parameters, except for taper, for which FYSs recorded a higher percentage as there were no worldwide 
studies dealing with taper parameters. The overall acceptable RCF quality was slightly higher among specialists in the 
SA studies in comparison to the worldwide studies, at 83.5% and 79.8%, respectively.

Figure 4 shows that the percentage of acceptable quality was much higher than that of unacceptable quality of the 
RCF parameters (density, length, and taper) in both study groups. The percentages of acceptable quality in relation to the 
taper, density, and length of RCF canals were 70.9%, 77.6%, and 84.3%, and 73.2%, 64.6%, and 67.8% for the 
worldwide and SA studies, respectively. The overall adequate quality of RCFs was slightly higher among studies 
documented worldwide (77.6%), in comparison with 68.5% for SA studies.

Procedural Errors During Treatment
Only eight articles, divided equally between worldwide8,10,16,23 and SA studies,12,24–26 assessed the procedural errors 
associated with the RCT steps. Fractured and separated instruments, followed by ledge and perforation, were the most 
commonly recorded procedural errors. Molars were the most commonly affected teeth.26

Results of Bias Assessment
Overall, most of the assessed studies analyzed in the present review carried a moderate to high risk of bias, in both the 
worldwide studies and those papers carried out among SA populations, except for those studies recording a low-grade 
risk bias.8,11,18,24
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Discussion
In endodontics, steps are planned to preserve the health of periapical tissues in cases of disease or damage to the dental 
pulp, or to re-establish periapical health when apical periodontitis has previously been established.41 These aims may be 
accomplished by non-surgical RCT, retreatments and, sometimes, surgery at the end of the roots. The purpose of RCT is, 
primarily, to sterilize the root canal structure and keep it clean, and, subsequently, to seal the pulp cavity acceptably and 
achieve a suitable coronal restoration.6 This systematic review was designed to assess and compare the studies conducted 
worldwide to those carried out in Saudi Arabia in relation to the quality of RCFs (in the form of density, taper, and 
length) accomplished by FYSs, GDPs, and endodontists. This information can help to identify areas where improvement 

Figure 1 PRISMA flowchart of the selection process of clinical studies for this review.
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Table 1 Summary of In Vivo Studies Evaluating the Quality of Root Canal Treatment Conducted Worldwide (n=13) and in Saudi Arabia (n=9)

Study Characteristics Quality of Obturation Procedural Errors Assessed 

Outcome 

ParametersLength (%) Density (%) Taper (%)

Author(s), 

Year, 

Country

Number 

of Canals

Study Design 

and Type

Tooth Type (%) Dental 

Setting; 

Operators

Acceptable Unacceptable Acceptable Unacceptable Acceptable Unacceptable

Worldwide Studies

Gavini et al,8 

2022, Brazil

2213 Cross- 

sectional 

retrospective

Anterior 25.8% 

Premolar 32.2% 

Molar 42.0%

Dental school; 

FYSs

72.9% 27.1% 87.3% 22.7% 91.6% 8.4% Instrument fractures 

0.81%. In last 5 mm of 

apical tip 77.8%

Better results 

in maxillary 

teeth

Silnovic 

et al,9 2023, 

Sweden

60 Retrospective Anterior 27.1% 

Premolar 31.8% 

Molar 41.8%

Polyclinics, 

governmental; 

GDP

28.7% 71.3% NM NM NM NM NM Poor quality in 

anterior and 

molars

Ameen 

et al,14 2024, 

United Arab 

Emirates

601 Cross- 

sectional 

retrospective

Anterior 48.4% 

Premolar 51.6%

Dental school, 

private; FYSs

93.5% 6.5% 96.5% 3.5% 98.2% 1.8% NM SD ↔ 
anterior and 

premolars 

regarding 

taper, density, 

and overall 

quality

Al Shehadat 

et al,10 2023, 

United Arab 

Emirates

124 Cross- 

sectional 

retrospective

Anterior 32.9% 

Premolar 45.6% 

Molar 21.5%

Private dental 

school; FYSs

73.5% 26.5% 57.5% 42.3% 66.2% 33.8% Ledge 5.4%, apical 

transportation 3.5%, 

fractured instrument 1%

SD ↔ quality 

parameters 

SD ↔ ledge 

formation and 

apical 

transportation

Laukkanen  

et al,11 2021, 

Finland

426 Cross- 

sectional 

retrospective

Anterior 34.2% Governmental; 

GDP

71.0% 29.0% NM NM NM NM NM SD ↔ teeth,  

poorer in 

molarsPremolar 40.7% 57.0% 43.0% NM NM NM NM

Molar 25.1% 43.0% 57.0% NM NM NM NM

Ribeiro 

et al,15 2019, 

Brazil

274 Retrospective Anterior 39% Governmental; 

FYSs

71.7% 28.9% 99.7% 0.3% 96.6% 3.7% NM 80% 

unsatisfactory 

qualityPremolar 61% 67.3% 32.7% 98.1% 1.9% 96.0% 4.0%

Saatchi 

et al,16 2018, 

Iran

1674 Cross- 

sectional

Anterior 9.7% Governmental; 

FYSs

57.7% 42.3% NM NM 67.5% 32.5% Ledge 12.8%,  

foramen perforation 2%, 

root perforation 2.4%

SD ↔ 
procedural 

errors, 

higher molars

Premolar 21.9% 61.3% 38.7% NM NM 69.5% 30.5%

Molar 68.4% 51.3% 48.7% NM NM 63.7% 36.3%

Fritz et al,17 

2021, Brazil

442 Prospective Anterior 38.2% FYSs 94.5% 5.5% NM NM 96.8% 3.2% NM SD ↔ 
anterior and 

premolarsPremolar 45.0% 96.5% 3.5% NM NM 96.5% 3.5%

Molar 16.8% 92.1% 7.9% NM NM 92.4% 7.6%
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Pietrzycka 

et al,30 2022, 

Poland

219 Retrospective 

randomized 

double-blind 

comparison

Anterior 43.7% 

Premolar 42.2% 

Molar 14.1%

GDP 85.8% 14.2% 99.5% 0.5% NM NM NM NSD ↔ 
GDP and 

specialist

257 Anterior 26.5% 

Premolar 18.4% 

Molar 45.1%

Specialist 74.5% 25.5% 99.3% 0.7% NM NM

Wong 

et al,23 

2016, 

Malaysia

75 Retrospective 

clinical audit

Anterior 26.7% FYSs 75.8% 24.2% 75.8% 24.2% NM NM Ledge 9.3%, perforation 

11.4%, instrument 

separation 0.7%

SD ↔ 
misshape

Premolar 29.3% 78.3% 21.7% 65.3% 34.85 NM NM

Molar 44.0% 61.5% 38.5% 57.7% 42.3% NM NM

Yusufoğlu 

et al,29 2021, 

Turkey

3115 Retrospective Max & Mand 

Molars

GDP 76.7% 23.3% 37.3% 62.7% NM NM Separated instrument 

2.6%, ledges 0.4%, lateral 

perforation 0.1%

SD ↔ GP and 

endodontist in 

obturation 

quality 

NSD 

iatrogenic

Endodontist 82.3% 17.7% 62.7% 37.3% NM NM Separated instrument 

4.6%, ledges 0.5%, lateral 

perforation 0.1%

Elemam 

et al,38 2015, 

Libya

284 Retrospective Anterior 9.7% 

Premolar 15.5% 

Molar 73.3

Governmental; 

FYSs

48.6% 51.35% 75.8% 24.2% 68.8% 31.2% NM SD ↔ overall 

quality 

between 

tooth types

Awooda 

et al,39 2016, 

Sudan

173 Retrospective, 

cross-sectional

Anterior 35.3% 

Premolar 27.2% 

Molar 37.5%

Private college; 

FYSs

71.7% 28.3% 72.8% 27.2% 94.8% 5.2% Separated  

instrument 3.5%

Saudi Studies

Alshehri 

et al,12 2023

278 Retrospective Anterior 100% Governmental; 

FYSs

85.6% 14.4% 65.1% 34.9% 71.9% 28.1% Ledge 4.7%, root 

perforation  

0.4%, foramen perforation 

0.7%

SD ↔ 4th, 

5th, 6th 

SD ↔ Max 

and Man teeth 

NSD ↔ Male 

and female

Al-Obaida 

et al,13 2020

200 Cross- 

sectional 

prospective

Private hospital: 

Anterior 24.0% 

Premolar 33.0% 

Molar 43.0%

Private; GDP 48.0% 52.0% 60.5% 39.5% 56.5% 43.5% NM Tooth type: 

SD ↔ length 

and tapering 

Hospital type: 

SD ↔ length, 

tapering, 

density

Governmental; 

GDP

60.0% 40.0% 71.5% 29.5% 71.5% 29.5%

200 Government 

hospital: 

Anterior 32.5% 

Premolar 28.5% 

Molar 39.0%

Private; GDP 41.7% 58.8% 46.0% 58.1% 42.8% 62.0%

Governmental; 

GDP

58.3% 41.2% 54.0% 41.9% 57.0% 38.0%

Habib 

et al,18 2018

390 Cross- 

sectional 

retrospective

Anterior 27.4% 

Premolar 27.7% 

Molar 42.9%

Private college; 

FYSs

59.5% 40.5% 50.8% 49.2% 57.4% 42.6% NM SD ↔ length 

and density 

NSD ↔ 
tapering

(Continued)
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Table 1 (Continued). 

Study Characteristics Quality of Obturation Procedural Errors Assessed 

Outcome 

ParametersLength (%) Density (%) Taper (%)

Author(s), 

Year, 

Country

Number 

of Canals

Study Design 

and Type

Tooth Type (%) Dental 

Setting; 

Operators

Acceptable Unacceptable Acceptable Unacceptable Acceptable Unacceptable

Kader 

et al,20 2016

352 Retrospective 

observational

NM Governmental; 

FYSs

61.7% 38.3% 54.0% 46.0% 53.1% 46.9% Ledge formation and 

gauging

NM

Bajawi 

et al,19 2018

209 Retrospective 

cross-sectional

Max 58.2% 

Mand 41.8%

Governmental ; 

Dental center  

consultant

69.6% 30.4% 100.0% 00.0% 100.0% 00.0% NM SD ↔ arch, 

canal position, 

level of 

experience
Specialist 62.5% 37.5% 81.3% 18.8% 87.5% 12.5%

GDP 46.4% 53.6% 75.8% 24.2% 77.7% 22.3%

Abumostafa 

et al,24 2015

450 Retrospective Max 48.9% 

Mand 51.1% 

Anterior 14.9% 

Posterior 85.1%

Private college; 

FYSs

77.6% 22.5% 46.4% 53.6% 78.8% 26.2% Ledge 2.4%, 

transportation 3.1%, 

apical perforation 1.1%, 

root perforation 0.2%, 

stripping perforation and 

fractured instrument 1.1%

NM

Akbar,25 

2015

130 Cross- 

sectional

Anterior 12.3% 

Premolar 13.8% 

Molar 74.6%

Governmental; 

FYSs

76.5% 23.3% NM NM NM NM Separated instrument 

3.1%, stripping 

perforation 2.3%, furcal 

perforation  

0.8%, coronal leakage 

0.8%

SD ↔ under- 

filling and 

poor filling 

and apical 

radiolucency

Smadi 

et al,26 2015

66 Prospective Anterior 40.8% 

Premolar 40.4% 

Molar 18.8%

Governmental; 

FYSs

61.5% 38.5% 50.5% 49.5% 56.1% 43.9% Present in 85.3%. Man 

molars were highest

SD ↔ errors 

among teeth 

and 

obturation 

parameters

Mustafa,40 

2022

400 Retrospective 

clinical study

Anterior 36.0% 

Premolar 17.0% 

Molar 47.0%

Governmental; 

FYSs

67.3% 32.7% 51.7% 48.3% 74.9% 25.1% NM SD ↔ length

Abbreviations: NM, none mentioned; SD, significant difference; ↔, between; GDP, general dental practitioner; NSD, non-significant difference; FYS, final year student; Max, maxillary; Man, mandibular.
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is needed and guide educational initiatives for graduate students and practitioners to ensure that they are producing 
RCFs with good quality in terms of adequate length, good density, and proper taper.

The results revealed a high frequency (77.6% and 68.5%) of overall acceptable technical quality of RCFs worldwide 
and in SA, respectively. A much lower percentage of 48.75% for the overall acceptable value was reported by Ribeiro 
et al, but their report was limited to studies conducted on undergraduate students and papers carried out before 2015.31 

The reason for the higher value in this review is that the included papers were more recent, having been published 

Figure 2 Characteristics of the worldwide and Saudi clinical studies included in this review.

Figure 3 Ratio of acceptable and unacceptable parameters of root canal quality in relation to operator level and study type.
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between 2015 and 2023, and thus took into account the recent advances in RCT instruments and materials. Moreover, this 
study included not only FYSs but also GDPs and endodontists.

It is challenging to exactly estimate the quality of RCF using only radiographic assessment. Periapical x-rays, while 
the most frequently used method, do not replicate the three-dimensional system of the RCF.42 It is probable that areas of 
obturation and lost canals, along with additional assessment principles, were unobserved, resulting in an overvaluation of 
RCT quality.43 Radiographic measures for the quality of RCFs were gauged in agreement with the American Association 
of Endodontists, European procedures, and earlier research on the outcome of the quality of the RCF.5,6,8–12 The 
restrictions of procedural quality that were detailed, such as root filling taper, length, and density, were possibly essential 
to assess the success of the treatment. Regarding achievement percentage and ratios, it would be more suitable to choose 
experimental or clinical research with a follow-up appointment after RCT, assessing curative percentage, signs and 
radiographic characteristics.

Only studies that concentrated on the taper, density, and length of RCFs were included. Most of the earlier published 
papers measured the apical end of the root filling at ≤2 mm from the x-ray apex as the acceptable position.5,6,18,20 The 
length of the RCF is a significant assessment parameter, and is determined by gauging the apical boundary of the 
obturation from the end of the tooth on postoperative x-rays.44 The rates of acceptable length for the quality of the 
RCFs performed by FYSs, GDPs, and specialists were, respectively, 72.2%, 58.8%, and 66.1% for the SA studies and 
74.8%, 62.8%, and 78.4% for the worldwide studies. Both study groups showed high percentages of acceptable quality 
for cases performed by FYSs, which could be related to their clinical work being carried out under direct supervision of 
staff. This could take the form of checking a step before proceeding to the next one.

The taper parameter of the RCF is demarcated, as even and reliable tapers from the coronal zone to the apical point 
are similar to the unique outline of the original canal.24 The tapering of RCFs for SA studies was 67.3%, 76.5%, and 
93.6% for FYSs, GDPs, and specialists, respectively. However, acceptable quality of RCFs performed by FYSs ranging 
from 10.9% to 85.1% was reported by Ribeiro et al,31 with the most common reason for an unacceptable RCF being 
related to difficulties with RCF density. The relationship between density and treatment outcome is not clear. Kirkevang 

Figure 4 Percentage of acceptable and unacceptable parameters of quality of root canal filling in worldwide and Saudi studies.
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et al found that the incidence of voids in RCFs had a significant influence on the rate of apical periodontitis.45 Hommez 
et al stated that the prevalence of apical periodontitis was 47.1% in cases of non-homogeneous RCF, and 27.7% in 
clinical cases of homogeneous RCF.46 So, the less dense and non-homogeneous an RCF, the greater the chance of 
a negative influence on the treatment outcome.

Frontal and single-rooted teeth had meaningfully better RCF values than posterior teeth and those with two or three 
canals.47 Molars have a higher occurrence of narrow, curved pulp chambers, and posterior teeth are difficult access, 
making treatment more challenging.48 In contrast, anterior teeth usually have a single canal with less curvature, which 
may contribute to better outcomes.11,13,15,17,23 However, molar teeth were the most commonly treated teeth, recorded at 
42.3% and 40.2% in the worldwide and SA studies, respectively. Molars are often more susceptible to carious lesion 
because of early eruption, their larger surface area, and grooves providing more spaces for plaque and food particles to 
accumulate. In addition, molars are harder to clean thoroughly, making them more prone to caries.49 Finally, most of the 
SA studies did not divide the type of teeth into anterior teeth, premolars, and molars, and therefore we did not compare 
this parameter with the worldwide studies.

Procedural errors are mistakes that may occur during the diagnosis or procedure of RCT. This review found that 
fractured and separated instruments, followed by ledge and perforation, were the most frequently recorded procedural 
errors.8,10,12,19,23–25 These can happen owing to a lack of familiarity, the practitioner neglecting to pay due attention, or 
unexpected and unstable environments that may be encountered throughout the treatment. Procedural errors are an 
important factor in the long-term success rates of endodontically treated teeth. Therefore, errors such as tool fractures, 
ledge-zip creations, and perforations may be a source of failure in non-surgical RCT.50 Moreover, mistakes made during 
the cleaning and disinfecting of the canal system have an adverse effect on the accomplishment of the RCT, by producing 
insufficient chemomechanical preparation and obturation of the root canals.51 The occurrence of procedural errors may 
be partly due to the more complex canal structure of teeth with narrow and curved pulpal canals, which necessitate more 
time and patience with regard to suitably cleaning, shaping, and obturation.26,52

Advanced education and the greater quantity of cases completed by endodontists compared to GDPs may be the 
reasons for the endodontists’ higher achievement of treatment excellence. It is not surprising that specialists achieved the 
highest percentage of acceptable quality RCF cases; this may be associated with their level of experience, and also with 
the limited number of worldwide studies,29,30 as well as the lack of international studies assessing the taper parameters. 
The percentages of the quality of RCFs were slightly lower among GDPs in both groups of studies; this could be 
explained by GDPs usually accepting most of the cases in their clinics before any referral to a specialist. Also, FYSs 
recorded acceptable rates in all RCF parameters, and this can be attributed to students operating under the direct 
supervision of staff during their clinical work. Similar results were recorded in both study groups in relation to overall 
RCF quality, which indicates that no great differences in satisfactory outcome were found between the included 
worldwide and SA studies. Pietrzycka et al and Bajawi et al described higher percentages of overfilled teeth performed 
by root canal specialists than by GDPs, and more underfilling performed by GDPs than by specialists and consultant 
endodontists; possible explanations include the efforts made by endodontists to reach the end of the root canal and 
improved preparations.19,30

By considering the importance of radiographic evaluation in RCF, dental practitioners can strive to achieve higher 
standards of care, leading to better patient satisfaction and oral health outcomes.53 As such, adopting a culture of quality 
assessment and continuous improvement will be helpful in shaping the future of endodontic practice in SA as well as in 
other countries. It is vital for dental educators and professionals to prioritize the incorporation of radiographic evaluation as 
a standard practice in assessing the quality of RCFs.42,48 By emphasizing the significance of radiographic examination in 
endodontic care, the dental community can work toward achieving uniformity and consistency in the quality of RCFs.54 

This will not only contribute to the improvement of patient care but also elevate standards of endodontic practice.
A recent systematic review stated that the use of rotary instruments for evaluation of the quality of RCF, as well as for 

the instrumentation and obturation steps, is strongly recommended. Between different clinical settings and practices, the 
outcome of the rotary systems was in the range of excellent and good, and resulted in the acceptable quality of the RCF 
parameters and overall quality performed by these instruments, and few procedural errors.55
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Further systematic reviews could be conducted including more articles published in different languages, and using 
more recent materials and equipment, such as cone-beam computed tomography (CBCT) scanners. The present review, 
which assessed clinical research, has several important drawbacks. The methodologies used were highly heterogeneous 
between the involved studies. Further, most of the studies were categorized as having “high to moderate” quality bias. 
Finally, discrepancies in the length, width, curvature, and number of roots of the anterior, premolar, and molar teeth 
among the papers in this review may have resulted in differences in acceptable and unacceptable RCF quality. Any of 
these restrictions could affect the overall RCF quality of the countries in which these studies were conducted.

Conclusions
From the present systematic review, the following conclusions can be drawn. The acceptable quality rates of the RCFs in 
the three parameters (taper, density, and length) were higher for the worldwide studies, ranging between 70.9% and 
84.3%, than for the SA studies, between 64.6% and 73.2%. The overall acceptable quality rate of RCFs was marginally 
higher in the worldwide studies, at 77.6%, in comparison to 68.5% in the SA studies. Both percentages can be considered 
as good, which indicates that the quality of treatment is moving in the right direction.
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