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ABSTRACT OF THE THESIS 

 

Modern endodontic retreatment: A systematic review, meta-analyses, and comparisons to 

alternative treatment options 

 

by 

 

Seyed Moein Seyed Sadrkhani 

Master of Science in Oral Biology 

University of California, Los Angeles, 2020 

Professor Shane White, Chair 

Statement of problem. Clinicians are regularly confronted with difficult choices. Should a tooth 

that has not healed through non-surgical root canal treatment be treated through traditional non-

surgical retreatment, modern retreatment, or modern apical microsurgery? Acquiring complete, 

unbiased current information to help clinicians and their patients make these choices requires a 

systematic review of the literature on treatment outcomes, meta analyses and statistical 

comparisons. 

Purpose. The purpose of this paper was to answer the following questions: What are the success 

rates of modern endodontic retreatment in teeth that had previously received NSRCT, where 

periradicular pathosis had not healed? Does modern endodontic retreatment result in increased 
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healing rates over time? Does modern endodontic retreatment result in improved outcomes to those 

previously established for traditional retreatment? Does modern endodontic retreatment result in 

improved outcomes to those previously established for modern apical surgery?  

Materials and methods. Searches were performed in Pubmed, Cochrane Library, and EMBASE 

databases on modern endodontic retreatment. Previously established datasets describing traditional 

endodontic retreatment and modern apical microsurgery were identified. Datasets were analyzed 

using funnel plots to examine bias, Forest plots to calculate weighted mean success rates and their 

associated confidence limits, and regression analysis to identify the simple linear equations relating 

percentage success rate to years of follow-up time. 

Results. The quality of the papers reporting on modern endodontic retreatment was high and bias 

was low. The success rate for modern endodontic retreatment was largely unchanged through a 

period from 1 to 5 years of follow-up, a steady state was approximated. The success rate of modern 

endodontic retreatment was approximately 86% through 1 to 5 years after treatment. The success 

rate of modern endodontic retreatment was significantly higher than of traditional retreatment, 

81%. The success rate of modern endodontic retreatment was equivalent to that of modern apical 

microsurgery, 85%.  

Conclusions. Modern non-surgical endodontic retreatment should generally be the first-line 

treatment option after failure of initial non-surgical root canal treatment. Prospective, long-term 

modern retreatment studies of comprehensively described patient populations using a broad range 

of outcome measures are needed. 
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INTRODUCTION 

Teeth affected by disease of pulpal origin may be predictably retained through non-surgical 

root canal treatment (NSRCT) and restoration. NSRCT is efficacious, valued by patients, and cost 

effective (Torabinejad et al. 2007; Hamedy et al. 2013). Systematic reviews of longitudinal studies 

on NSRCT show extremely high success and survival rates; nonetheless, some cases fail to 

demonstrate healing (Torabinejad et al. 2007; Iqbal et al. 2008; Ng et al.  2011). Moreover, cross-

sectional data demonstrates a surprisingly high prevalence of apical pathology related to teeth that 

have received NSRCT (Pak). The first-line treatment option after failure of initial NSRCT is 

considered to be nonsurgical retreatment (Torabinejad et al. 2016). 

Nonsurgical retreatment was validated by Strindberg in the 1950s, but was found to have 

lower healing rates than for initial NSRCT (Strindberg 1956). Likewise, 2009, 2011, and 2015 

systematic reviews of nonsurgical retreatment outcomes by Torabinejad et al, Ng et al, and Kang 

et al estimated lower healing rates than those generally reported for initial NSRCT, but all included 

a mixture of data on modern and traditional retreatment (Torabinejad et al. 2009, Ng et al 2011, 

Kang et al 2015). Torabinejad et al reported that healing rates for retreatment significantly 

increased over time; whereas, apical surgery resulted in more failures over time. Torabinejad et al 

concluded that nonsurgical retreatment offers a more favorable long-term outcome to apical 

surgery (Torabinejad et al. 2009). Kang et al did not find a clear trend for nonsurgical retreatment 

success rates over time, but they reported that apical surgery success rates decreased over time, 

and that overall pooled success rates for apical surgery were superior to those for retreatment 

(Kang et al, 2015).  

Over the past couple of decades considerable advances have been made in the conduct of 

both initial NSRCT and retreatment. Advances include the use of magnification, microscopes, 
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loupes, and endoscopes; ultrasonic instruments for the precise removal of dentin to identify canals 

and ramifications, and remove posts; and the use of adhesive materials for perforation repair 

(Farzaneh et al. 2004; Gorni and Gagliani. 2004; Ercan et al. 2007; de Chevigny et al. 2008; Hsiao 

et al. 2009; Salehrabi et al. 2010; Metska et al. 2013; Davies et al. 2016; Mente et al. 2015; Orhan 

et al. 2017; He et al. 2017; Eyuboglu et al. 2017; Al Nuaimi et al. 2017; Pirani et al. 2018; 

Chybowski et al. 2018; Alghofaily et al. 2018; Alharmoodi et al. 2019; Olcay et al. 2019; Zandi et 

al. 2019). Such modern technical advances were recently shown to improve the outcomes of 

endodontic microsurgery in comparison to traditional endodontic surgery (Torabinejad et al. 2015, 

Kohli et al 2018; Setzer et al 2012; von Arx & White, 2017). The extant literature on modern 

endodontic microsurgery appears to be exclusively based upon care provided by endodontic 

specialists (Torabinejad et al. 2015, Setzer et al, 2012; von Arx & White, 2017).  

Critical examination of newly available evidence on modern endodontic nonsurgical 

retreatment through systematic review and meta-analysis could enable comparisons with other 

techniques, providing objective data to assist dentists and patients, in making decisions about the 

efficacy of contemporary retreatment in retaining teeth that have not healed after initial NSRCT. 

Research questions were formulated (Torabinejad et al. 2007; Bader et al, 2004). What are 

the success rates of modern endodontic nonsurgical retreatment in teeth that had previously 

received NSRCT, where periradicular pathosis had not healed? Does modern endodontic 

nonsurgical retreatment result in increased healing rates over time? Does modern endodontic 

retreatment result in superior outcomes to traditional retreatment? Does modern endodontic 

nonsurgical retreatment result in superior outcomes to modern apical surgery? 
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MATERIALS AND METHODS 

Inclusion Criteria 

Inclusion criteria included comparative or non-comparative, prospective or retrospective, 

longitudinal data related to clinical outcomes of modern endodontic retreatment from January 1, 

1990 through February 5, 2020. Articles reviewed were published in English, in the refereed 

indexed literature, and studied subjects were 10 or more teeth. The minimum follow up time was 

6 months, starting from the procedure. 

The units of study were the teeth that underwent modern endodontic retreatment, not the 

patient or root. Clear and defined outcome measures, criteria for success or survival, detailed 

descriptions of the sample size, treatments provided, and follow-up time were required. 

Literature on modern endodontic retreatment was defined as being non-surgical root canal 

retreatment using magnification including microscopes, loupes, and oroscopes; ultrasonic 

instrumentation; and provided in the context of specialty care, including specialists, specialty 

trainees, and practices limited to endodontic care. Of course, a non-specialist can use modern 

techniques, but the extant literature is limited, and care provided by endodontic specialists has 

been reported to more closely align to best practice (Balto et al, 2004; Bigras et al. 2008; Madarati 

et al, 2008b, 2008a; Molen et al, 1998; Pagonis et al, 2000; Parashos et al, 2005). Where papers 

were not clear on clinical methodology, authors were contacted to determine if the inclusion 

criteria were met. Hence, some papers were excluded; for example, one author indicated that 
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rubber dam isolation was not always used and another indicated that magnification was only used 

occasionally (Nešković et al. 2016; Ashraf et al, 2007). 

 

Exclusion Criteria 

Exclusion criteria consisted of studies that failed to meet the above inclusion criteria. 

 

Search Methodology 

Electronic searches were performed in Pubmed, the Cochrane Library, Web of Science and 

EMBASE databases.  Hand searching was extensively performed by two individuals with subject 

matter expertise, through citation mining of selected studies and prior systematic reviews. 

Guidance was provided by a reference librarian, and subject matter experts. Tables of contents of 

the Journal of Endodontics were hand searched. 

Databases were searched in the following sequence: PubMed, Cochrane Library, Web of 

Science and EMBASE.  The primary PubMed search strategy was developed through an iterative 

process to best represent the sentinel articles; it was adapted for use in EMBASE. Both MeSH 

(Medical Subject Headings) and free key word searches were performed (Figs. 2 & 3). 

 

Study selection 

After title review and abstract selection, full-text articles were used to verify that the 

inclusion criteria were met. Reasons for exclusion were recorded; these included: outcomes not 

being specifically assessed; outcomes criteria not being well-defined or described; less than 6 
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months of follow-up; or secondary data, meta-analyses, not original data. Accepted papers were 

reviewed by all authors and analyzed. 

 

Study quality rating 

Study quality, methodology, design, and data analysis were assessed by using the Wong 

Scale–Revised (Chiappeli et al, 2006). Studies were assessed by reviewer responses to 9 questions; 

a score of 1 (inappropriate), 2 (mediocre), or 3 (appropriate) was assigned to each question. The 

‘‘what,’’ ‘‘who,’’ and ‘‘how’’ of each study received 3 questions apiece. Bias was principally 

addressed by the ‘‘how’’ questions. Out of a comprehensive total score of 9 to 27, a score under 

19 would indicate that the methodology, design, and analysis of the study failed to support the 

reliability of the authors’ conclusions, necessitating exclusion from the meta-analysis. 

 

Data analysis 

Data was extracted and an evidence tables was created. Data was reviewed and verified. 

Meta-analysis was conducted using Origin pro 2019b (OriginLab, Northampton, MA) (Agresti 

and Coull 1998). Pooled estimates with 95 % confidence interval of success and survival rates 

were calculated using the DerSimonian-Laird random effects pooling method, because 

assumptions of heterogeneity were not uniformly met (Cochrane Q test, α = 0.05). Forest Plots 

were used to visually display the data from included studies and the overall pooled estimate with 

their 95% confidence intervals (CIs).  Publication bias and heterogeneity was assessed using funnel 

plots. Regression analysis was used to identify the simple linear equations relating percentage 

success rate to years of follow-up time, and correlation coefficients, R2, were calculated. 
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Treatment Comparisons 

Papers included by prior authoritative systematic reviews on alternative treatments were 

used as comparators for the data on modern retreatment. Traditional retreatment study-sets were 

derived from Torabinejad et al, 2009; 5 papers which described traditional retreatment were used. 

Modern apical microsurgery study-sets were derived from Torabinejad et al, 2015. Distinct from 

the extractions and analyses in their parent publications, the comparator datasets were extracted 

and analyzed as described above, using Forest plots, funnel plots and regression analyses. 
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RESULTS 

 

 

The modern retreatment literature 

 

Electronic searches identified 711 distinct titles from Medline, Pubmed 47 from the 

Cochrane Library, 236 from EMBASE, and 208 from the Web of Science; hand searching did not 

identify any additional titles. From these 1201 titles, 256 abstracts were selected, 191 from 

Medline, 15 from the Cochrane Library, 23 from Embase, and 27 from the Web of Science. From 

these 256 abstracts, 83 papers were selected full text review, resulting in inclusion of 19 studies 

which included 20 datasets, all of which were initially located in Medline (Figs 3 & 4).  

 

Quality of the modern retreatment literature 

The quality of all the included studies were rated as high (Fig 5). No studies were rejected 

on the basis of insufficient quality. The commonest limitations were short recall times and low 

sample sizes (Fig 5). Most of the studies were recent; 10 of the papers were published within the 

last 3 years, and 17 out of 19 were published within the past 12 years (Fig 4). Recent publication 

on modern retreatment made this systematic review practicable. 

 

Bias within the modern retreatment literature 
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Funnel plots of the 20 modern retreatment datasets indicated low overall bias; most studies 

with high precision were plotted close to the average, the spread was largely symmetrical, and few 

studies fell outside the funnel, and those that did were still close (Fig. 6). One data sub-set was not 

included in the analyses because it represented cases described by the authors as ‘Root Canal 

Morphology Altered’ during initial treatment, which may have manifested extracanal infection and 

been inherently unsuited to non-surgical retreatment alone (Gorni & Gagliani, 2004; Ricucci et al, 

2015; Signoretti et al 2011); funnel plotting of that datum had shown it to be a most pronounced 

outlier. Potential sources of heterogeneity comprised of differences in: the lengths of follow-up 

time, and its reporting, exact or mean; treatment year; patient population and tooth type; sample 

size; technical procedures, instruments, files, sealers, anti-microbial irrigants and intracanal 

medications; study purpose, design and outcome measures.  

 

Outcome measures in the modern retreatment literature 

Retreatment outcomes were generally described in terms of success rather than by tooth 

survival. Orstavik’s periapical index (Ørstavik et al, 1986) was the most widely used outcomes 

instrument, being used by 8 of the 19 included papers (Alharmoodi et al, 2019; Farzaneh et al, 

2004; Alghofaily et al. 2018; Pirani et al. 2018; de Chevigny et al. 2008; Zandi et al. 2019; Olcay 

et al, 2019; Eyuboglu et al, 2017). Five papers used a system describing cases as Healed, Healing 

or Not-healed (Chybowski et al. 2018; Orhan et al, 2017; He et al. 2017; Hsiao et al, 2009; Al 

Nuaimi et al. 2017); another used a similar system, rating cases as undergoing Complete healing, 

Incomplete healing, or Unsatisfactory healing (Gorni & Gagliani. 2004). A criteria based upon 

those of Strindberg (1956) and Rud et al (1972) criteria was used in one study (Ercan et al. 2007), 

and the Molven, Halse and Grung (1987) classification was used by another (Mente et al. 2015). 
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Others used their own systems (Ng et al, 2011). One study followed insurance billing codes to 

track retreated teeth, until they underwent additional endodontic interventions or extraction 

(Salehrabi et al, 2010). One study used both cone beam tomographic images as well as periapical 

images for assessment; another used volumetric changes in lesion size as determined by cone beam 

imaging (Davies et al. 2016; Metska et al. 2013). Only one study reported patient-centered quality 

of life outcome data (He et al, 2017). 

 

Success rate of modern retreatment 

Modern retreatment success had a weighted mean success rate of 86%, with 95% 

confidence limits of 85% to 87%, and a range from 65% to 93%, for 20 datasets, from 19 papers 

(Fig. 8).  

 

Regression Plots of modern retreatment success against time 

Plotting and regression analysis of the 20 datasets (Fig. 11) revealed that:  

Success rate = 0.002 x the number of years followed + 85 %  (Eqn. 2); 

the negligible slope, 0.002, indicating that a steady state was approached throughout the period 

described by the included data, from by one through 5 years after treatment, implying that healing 

had generally occurred by 1 year, and that through 5 years the numbers of additional healed cases 

approximated the number of new failures. Hence, retreatment data from throughout the time-

period described, 1 to 5 years, could be pooled. 
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Comparison with traditional retreatment 

Data describing traditional retreatment from papers defined by a prior systematic review, 

was extracted and plotted (Torabinejad et al. 2009) (Figs. 12-14). A funnel plot was suggestive of 

bias given a lack of symmetry, and 3 out of 5 studies having low precision.  A Forest plot provided 

a weighted mean for the 5 traditional retreatment datasets of 81%, with 95% confidence limits of 

79% to 84% (Fig. 13). This differed from modern retreatment (p< 0.05). Plotting and regression 

analysis revealed that: 

Success rate = - 0.001 x the number of years followed + 76 % (Eqn. 3), 

indicating that a steady state was approached throughout the period described by the included data, 

from 3 to 5 years after treatment (Fig. 14). Because, the slope was negligible, data from throughout 

the time-period described, 3 to 5 years, could be pooled. 

 

Comparison with modern microsurgery 

Data describing modern microsurgery success from papers defined a prior systematic 

review was extracted and plotted (Torabinejad et al. 2015) (Figs. 15-17). A funnel plot was 

suggestive of some bias given a lack of symmetry, and all studies having moderate or low precision 

(Fig. 15). A Forest plot provided a weighted mean success rate for the 6 modern microsurgery 

datasets of 85%, with 95% confidence limits of 81% to 88% (Fig. 16). Modern microsurgery 

success rates did not differ from modern retreatment (p> 0.05). Plotting and regression analysis 

revealed that: 

Success rate = - 0.008 x the number of years followed + 91 % (Eqn. 4), 
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indicating that for traditional retreatment a steady state was approached throughout the period 

described by the included data, from 2 to 7 years after treatment (Fig. 17). Because, the slope was 

negligible, data from throughout the time-period described, 2 to 7 years, could be pooled. 

 The same 6 modern microsurgery datasets were analyzed for survival, rather than success 

(Figs. 18–20). A funnel plot was suggestive of some bias given a lack of symmetry and most 

studies having only moderate precision (Fig. 18). A Forest plot provided a weighted mean 

survival rate for the 6 modern microsurgery datasets of 91%, with 95% confidence limits of 88% 

to 93% (Fig. 19). This differed significantly from the success rate for modern apical 

microsurgery (p< 0.05). Plotting and regression analysis revealed that: 

Success rate = - 0.008 x the number of years followed + 95 % (Eqn. 5), 

indicating that for traditional retreatment a steady state was approached throughout the period 

described by the included data, from 2 to 7 years after treatment (Fig. 20). Because, the slope 

was negligible, data from throughout the time-period described, 2 to 7 years, could be pooled. 
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DISCUSSION 

The success rate for modern retreatment was high, 86%. Healing of successful cases had 

generally been accomplished by one-year post-treatment, and little if any change occurred as far 

as 5 years post-treatment. By one-year post treatment, a steady state was approximated. It is 

possible that some additional cases healed during this period; if so, an equal number of failures 

occurred. A direct comparison indicated that the success rate for modern retreatment was superior 

to traditional retreatment, which approximated a steady state with an 81% success rate from 3 to 5 

years post-treatment. Another direct comparison indicated that the success rate for modern 

retreatment indicated was equal to modern apical microsurgery, which approximated a steady state 

with an 85% success rate from 2 to 7 years post-treatment. Even if the data sub-set described by 

the authors as ‘Root Canal Morphology Altered” been included (Gorni & Gagliani, 2004), the 

results of the above comparisons would not have been altered. 

Comparison of independent systematic reviews allows for multiple interpretations of data 

(Low et al. 2017). Use of indirect comparison can provide estimates for use in decision making 

(Edwards et al. 2009). In this paper, data from prior study-sets was reanalyzed, allowing the same 

statistical methodology to be applied throughout and direct comparisons to be made. 

 For modern retreatment, 1-year follow up data was predictive of success through 5 years 

post treatment. In contrast, the prior systematic review by Torabinejad et al, which included both 

modern and traditional retreatment studies, suggested a trend for increased success rates of 

retreatment over time (Torabinejad et al. 2009). They attributed the apparent trend to the number 

slow-healing cases outweighing the numbers of failures. Whereas, this current study suggests that 

the apparent trend was due to disproportionally more modern cases than traditional cases being 

included in Torabinejad et al’s longer term follow-up groups. Likewise, the results of this current 
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study focusing on modern techniques produced results that contrasted with a prior systematic 

review by Kang et al that pooled data on modern and traditional techniques (Kang et al, 2015). 

Although the slopes were negligabe, their signs, positive or negative were consistent with trends 

suggested by Torabinejad et al (Eqns &). The approach used in this current study, new analyses of 

established study-sets, allowed novel insights and conclusions to be made. 

 Even if success rates for modern retreatment and modern apical microsurgery did not differ 

over the 2 to 5 year post-treatment timeframe for which comparisons can be made, the first-line 

treatment option after failure of initial root canal treatment should generally be modern nonsurgical 

retreatment (Torabinejad & White 2016). Modern retreatment preserves root length, avoids a 

surgical procedure, and retains the possibility of modern apical microsurgery as a second-line 

option (Torabinejad and White 2016; Von Arx & White 2017; White & Torabinejad 2017). 

 Both modern retreatment and modern apical surgery success rates overlapped with long-

term success rates previously reported for initial NSRCT, ~84% (Torabinejad et al. 2007; Iqbal et 

al, 2007). However, the data describing modern retreatment and modern apical surgery derived 

from specialty care; whereas, the data on initial NSRCT primarily derived from care provided by 

generalists and dental students. Moreover, great attention must be paid to best practice during 

initial treatment so that additional treatments as well as their risks and costs are avoided. Much 

cross-sectional data indicates that many initial NSRCT is of poor quality (Pak). 

 The extant modern retreatment literature generally focused on success rates, most using 

similar types of prognostic instrument; unfortunately, survival rates were generally not reported. 

As described above, the survival rate for modern microsurgery, 91% was found to be higher than 

its success rate, 85%. As previously described in the literature, initial NCRCT, long-term survival 

rates, 97%, are much higher than success rates 84% (Torabinejad et al. 2007; Iqbal et al, 2007). 
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Instruments such as the Strindberg Criteria and the Orstavik Criteria were intended for use in 

identifying prognostic factors, not for measuring patient-based outcomes. Success rates derived 

from such instruments may have little relevance to patients or dentists. It is recommended that new 

more relevant patient-based outcomes criteria be developed and validated. These might be based 

upon the concept of function without additional intervention (Lazaraski et al, 2001). In the 

meantime survival rates should be reported. 

Scoping studies indicated that the modern retreatment literature does not yet allow rigorous 

measurement or comparison of other relevant outcomes, e.g. psychosocial, economic, 

complications, and need for additional interventions, etc. These factors need to be considered, 

along with success data, when individual patient decisions are being made. However, clinicians 

tend not to use current evidence when making decisions and to disagree amongst themselves 

(Zitzmann et al. 2011; Junges et al. 2014). The dentist’s own expertise and patient preference may 

dominate (Junges et al. 2014). Therefore, specific guidelines and protocols are needed (White et 

al. 2006; Junges et al. 2014). 

Few of the included modern retreatment studies provided complete descriptions of the 

included populations, medication usage, or other factors that might influence healing. The included 

studies generally did not describe the specific reasons for retreatment e.g. missed canals, 

perforations, length issues, absence of coronal restorations, etc. Nonetheless, the included modern 

retreatment studies generally were of high quality (Fig. 5) and had low levels of bias (Figs. 6 & 

7). The generally short duration of follow up and the overall lack of serial follow-ups over time 

limit the utility of the extant data. The studysets from the previously defined comparators were of 

lower quality and higher bias, but were sufficient for statistical comparisons to be made.  
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CONCLUSIONS 

The overall quality of the included papers reporting on modern endodontic retreatment was 

high and bias was low.  

The success rate for modern endodontic retreatment was largely unchanged through a 

period from 1 to 5 years of follow-up, a steady state was approximated. 

The success rate of modern endodontic retreatment was approximately 86% through 1 to 5 

years after treatment. 

The success rate of modern endodontic retreatment was significantly higher than that of 

traditional retreatment, approximately 81%. 

The success rate of modern endodontic retreatment was equivalent to that of modern apical 

microsurgery, approximately 85%. 

Prospective, long-term modern retreatment studies of comprehensively described patient 

populations using relevant outcome measures are needed. 
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Figure 1. Search strategy. 

Current search string: ("Periapical Diseases"[Mesh] OR "Periapical Periodontitides"[tw] OR 

"Periapical Periodontitis"[tw] OR "apical periodontitides"[tw] OR "apical periodontitis"[tw] OR 

endontic*[tw] OR "root canal"[tw] OR "root filling"[tw] OR "Periapical pathoses"[tw] OR 

"Periapical complications"[tw] OR "Periapical Abscess"[tw] OR "periapical abscesses"[tw]) 

AND ("Retreatment"[Mesh] OR Retreat*[tw] OR "secondary treatment"[tw]) AND ("Root 

Canal Irrigants"[Mesh] OR "Root Canal Therapy"[Mesh] OR "Root Canal Filling 

Materials"[Mesh] OR Non-surgical*[tw] OR Orthograde*[tw] OR "Root Canal Irrigants"[tw] 

OR "root canal irrigant"[tw] OR "Root Canal Medicaments"[tw] OR "Root Canal Therapy"[tw] 

OR "Root Canal Therapies"[tw] OR "Root Canal treatment"[tw] OR "Root Canal 

Treatments"[tw] OR "Root Canal filling"[tw] OR "Root Canal fillings"[tw] OR "Root Canal 

sealant"[tw] OR "Root Canal sealants"[tw] OR "Endodontic therapy"[tw] OR "Endodontic 

therapies"[tw] OR "Endodontic treatment"[tw] OR "Endodontic treatments"[tw])) AND 

("Treatment Outcome"[Mesh] OR "Prognosis"[Mesh] OR "Follow-Up Studies"[Mesh] OR 

"Epidemiology"[Mesh] OR "Survival"[Mesh] OR "Survival Analysis"[Mesh] OR "Survival 

Rate"[Mesh] OR "Quality of Life"[Mesh] OR "Patient Outcome Assessment"[Mesh] OR 

"Retrospective Studies"[Mesh] OR "Success*"[tw] OR "Failure*"[tw] OR "Rate*"[tw] OR 

"Outcome*"[tw] OR "PAI score"[tw] OR "PAI scores"[tw] OR "Surviv*"[tw] OR 

"Retention"[tw] OR "prognosis"[tw] OR "Prognostic*"[tw] OR "Follow up"[tw] OR "Quality of 

life"[tw] OR "Life quality"[tw] OR "Healing"[tw] OR "Healed"[tw] OR "Heal"[tw] OR "Non-

healed"[tw] OR "Effectiveness"[tw] OR "Efficac*"[tw] OR "Retrospective*"[tw]) AND 

("1990/01/01"[PDAT] : "3000/12/31"[PDAT] 
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Figure 2. Table relating clinical terms to MESH terms and keywords. 

 MESH Keywords  

Root canal "Periapical 

Diseases"[Mesh] 

 

 

Includes: Periapical 

Periodontitis and 

Periapical abscess  

 

 

"Periapical 

Periodontitides"[tw] OR 

"Periapical 

Periodontitis"[tw] OR 

"apical periodontitides"[tw] 

OR "apical 

periodontitis"[tw] OR 

endontic*[tw] OR "root 

canal"[tw] OR "root 

filling"[tw] OR "Periapical 

pathoses"[tw] OR 

"Periapical 

complications"[tw] OR 

"Periapical Abscess"[tw] 

OR "periapical 

abscesses"[tw] 

 

MESH or TW = 

34938  

Retreatment Retreatment 

 

Retreat*[tw] OR 

"secondary 

treatment"[tw] 

Mesh OR TW = 

20715 

Non-surgical 

intervention 

("Root Canal 

Irrigants"[Mesh]) OR 

"Root Canal 

Non-surgical*[tw] OR 

Orthograde*[tw] OR 

Mesh OR TW =  

42138 citations 
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Therapy"[Mesh] OR 

"Root Canal Filling 

Materials"[Mesh] 

 

 

*Root canal preparation  

 

 

"Root Canal 

Irrigants"[tw] OR "root 

canal irrigant"[tw] OR 

"Root Canal 

Medicaments"[tw] OR 

"Root Canal 

Therapy"[tw] OR "Root 

Canal Therapies"[tw] 

OR "Root Canal 

treatment"[tw] OR 

"Root Canal 

Treatments"[tw] OR 

"Root Canal filling"[tw] 

OR "Root Canal 

fillings"[tw] OR "Root 

Canal sealant"[tw] OR 

"Root Canal 

sealants"[tw] OR 

"Endodontic 

therapy"[tw] OR 

"Endodontic 

therapies"[tw] OR 

"Endodontic 
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treatment"[tw] OR 

"Endodontic 

treatments"[tw] 

 

 

 

 

Outcomes "Treatment 

Outcome"[Mesh] OR 

"Prognosis"[Mesh] OR 

"Follow-Up 

Studies"[Mesh] OR 

"Epidemiology"[Mesh] 

OR "Survival"[Mesh] OR  

"Survival 

Analysis"[Mesh] OR 

"Survival Rate"[Mesh] 

OR "Quality of 

Life"[Mesh] OR "Patient 

Outcome 

Assessment"[Mesh] OR 

"Success*"[tw] OR 

"Failure*"[tw] OR 

"Rate*"[tw] OR 

"Outcome*"[tw] OR 

"PAI score"[tw] OR 

"PAI scores"[tw] OR 

"Surviv*"[tw] OR 

"Retention"[tw] OR 

"prognosis"[tw] OR 

"Prognostic*"[tw] OR 

"Follow up"[tw] OR 

"Quality of life"[tw] 

OR "Life quality"[tw] 

OR "Healing"[tw] OR 

Mesh OR TW = 

6612115 
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"Retrospective 

Studies"[Mesh] 

 

"Healed"[tw] OR 

"Heal"[tw] OR "Non-

healed"[tw] OR 

"Effectiveness"[tw] OR 

"Efficac*"[tw] OR 

"Retrospective*"[tw] 
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Figure 4. Evidence Table summarizing modern retreatment success rates. Moein, ADD 

THE OVERALL WONG SCORE IN A 5th COLUMN 



 

22

 

 

Article Sample Size Recall Years Success Rate Wong Score 

Farzaneh 2004 99 5 83.84% 24 

Gorni 2004 250 2 87% 27 

Gorni 2004 202 2 47% 27 

Ercan 2007 40 1.2 82.5% 21 

Chevingy 2008 126 5 83% 26 

Hsiao 2009 5 1 80%  22 

Salehrabi 2010 4744 5 86% 27 

Metska 2013 27 1 86% 22 

Davies 2015 98 1 93% 23 

Mente 2015 27 1 87% 22 

Orhan 2017 16 1 87.5% 20 

He 2017 63 2 90% 24 

Eyuboglue 2017 110 2.5 90% 27 

Al- Nuaimi 2017 137 1 88% 22 

Pirani 2017 132 5 83% 27 

Chybowski2018 72 2.5 91.7% 25 
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Alghofaily2018 16 3.5* 87% 23 

Alharmoodi 2019 109 0.8* 81% 27 

Olcay 2019 101 2.8 85.1% 27 

Zandi 2019 52 4 81% 24 

Zandi 2019 52 1 65% 24 
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*: Average time of recall 

Figure 5.  Study quality ratings, Wong Scores. 

 

Articles Wong 1 Wong 2 Wong 3 Total 

Farzaneh 2004 A 3 

B 3 

A 2 

B 2 

A 3 

B 2 

24 

Gorni 2004 A 3 

B 3 

A 3 

B 3 

A 3 

B 3 

27 

Ercan 2007 A 3 

B 3 

A 1 

B 1 

A 3 

B 3 

21 

Chevingy 2008 A 3 

B 3 

A 3 

B 3 

A 3 

B 2 

26 

Hsiao 2009 A 3 

B 3 

A 1 

B 1 

A 3 

B 3 

22 

Salehrabi 2010 A 3 

B 3 

A 3 

B 3 

A 3 

B 3 

27 

Metska 2013 A 3 

B 3 

A 1 

B 1 

A 3 

B 3 

22 

Davies 2015 A 3 

B 3 

A 1 

B 2  

A 3 

B 3 

23 

Mente 2015 A 3 

B 3 

A 1 

B 1 

A 3 

B 3 

22 

Orhan 2017 A 2 

B 3 

A 1 

B 1 

A 3 

B 2 

20 

He 2017 A 3 

B 3 

A 2 

B 2 

A 3 

B 3 

24 

Eyuboglue 2017 A 3 

B 3 

A 3 

B 3 

A 3 

B 3 

27 
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Al- Nuaimi 2017 A 2 

B 2 

A 2 

B 2 

A 3 

B 3 

22 

Pirani 2017 A 3 

B 3 

A 3 

B 3 

A 3 

B 3 

27 

Chybowski2018 A 3 

B 3 

A 2 

B 3 

A 2 

B 3 

25 

Alghofaily2018 A 3 

B 3 

A 1 

B 2 

A 3 

B 3 

23 

Alharmoodi 2019 A 3 

B 3 

A 3 

B 3 

A 3 

B 3 

27 

Olcay 2019 A 3 

B 3 

A 3 

B 3 

A 3 

B 3 

27 

Zandi 2019 A 3 

B 3 

A 2 

B 3 

A 3 

B 2 

24 

  

 

Figure 7. Funnel plot for modern endodontic retreatment, 20 datasets. 
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Figure 8. Forest plot for modern endodontic retreatment, 20 datasets. The random effects 

model was used to report point estimates and 95% confidence limits. The mean weighted 

success rate was 85.89%, with 95% confidence limits from 85.03% to 86.75%. 
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Figure 9. Plot of weighted mean success rate against years of follow-up for 20 modern 

endodontic retreatment datasets. 
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Figure 10. Funnel plot for traditional endodontic retreatment, 5 datasets. 
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Figure 11. Forest plot for traditional endodontic retreatment, 5 datasets. The random 

effects model was used to report point estimates and 95% confidence limits. The mean 

weighted success rate was 81.27%, with 95% confidence limits from 78.77% to 83.79%. 
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Figure 12. Plot of mean weighted success rates against years of follow-up for traditional 

endodontic retreatment, 5 datasets. 
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Figure 13. Funnel plot for success rates of modern endodontic microsurgery. 
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Figure 14. Forest plot for success rates of modern endodontic microsurgery, 6 datasets. The 

random effects model was used to report point estimates and 95% confidence limits. The 

mean weighted success rate was 84.84 %, with 95% confidence limits from 81.47% to 

88.21%. 

 

 

 

 

 

 

 

 

 



 

36

 

 

 

 

 

 

Figure 15. Plot of mean weighted success rate against years of follow-up for modern apical 

microsurgery, 6 datasets. 
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Figure 16. Funnel plot for survival rates of modern endodontic microsurgery, 6 datasets 

from. 
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Figure 17. Forest plot for survival rates of modern endodontic microsurgery, 6. The 

random effects model was used to report point estimates and 95% confidence limits. The 

mean weighted success rate was 90.74 %, with 95% confidence limits from 88.02% to 

93.47%. 
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Figure 18. Plot of mean weighted survival rate against years of follow-up for modern apical 

microsurgery, 6 datasets. 
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