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 Introduction: The presented study aimed to characterise periapical disease in teeth with primary non-surgical 
root canal treatment in persistent or emergent categories and their risk association. Methods: A retrospective 
observational study that evaluated permanent teeth with primary non-surgical root canal treatment, was 
conducted clinically and radiographically for over one year. The following variables were analysed: gender, age, 
type and location of tooth, previous diagnosis, treatment conditions, and type of coronal restoration. The 
supplementary variables included the perspectives of the treatment outcome, such as Remains normal, 
Improvement, and Failure. Statistical analysis was performed using a univariate analysis that estimated the 
average and proportion for each factor according to the result of the primary non-surgical root canal treatment. 
The multiple correspondence analysis identified the hierarchy between active variables and their association with 
the results. Results: A total of 232 teeth in 155 participants were analysed. A χ2 value, (P=0.023) showed that the 
emergent disease is associated with patients around the age of 50. The multiple correspondence analysis identified 
a tendency of grouping between the emergent disease and the short filling category, followed by symptomatic 
pulpitis as a previous diagnosis. The persistent disease was associated with errors and overfillings. An inadequate 
root filling and taper density adversely impacted the treatment outcome. Conclusions: The length of obturation 
influenced the presence of failure. Short fillings were associated with emerging periapical disease. Errors and 
overfillings contributed to the persistent disease in the populations studied. 
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Introduction 

utcomes of non-surgical root canal procedures depend 
directly on the enlarging, shaping, cleaning and disinfection 

process, which can facilitate an adequate three-dimensional 
sealing of the root canal system [1, 2]. Within this perspective, 
treatment failure can often be correlated with the persistence of 
clinical and/or radiographic signs and symptoms, which 
determines the need for a second procedural intervention [1, 3]. 
Although clinical and experimental research in endodontics has 
advanced greatly in the last decade, the failure associated with 
primary non-surgical root canal treatment (PRCT) ranges from 
7.7 to 11% [4, 5]. Recently, a comprehensive review article on 
cross-sectional studies illustrated that apical periodontitis (AP) is 

a prevalent disease in most populations, and the frequency of AP 
in root-filled teeth was 39% [6]. However, it is fundamental to 
recognise the confounding effect inherent to the heterogeneity of 
cross-sectional studies [7, 8].  From the clinical perspective of 
failure, it is common to see that results are impacted by the 
periapical status and the quality of the root filling [4, 9]. In 2011, 
Ng et al. [2] reported a 49% decrease in the success rate for cases 
with a prior diagnosis of AP. Regarding this, Tsesis et al. [10] 
confirmed that of all cases with AP before treatment, and only 
79% resulted in healing. Analysing the evidence from clinical 
studies, the quality of the obturation becomes an indicator of the 
conditions in which endodontic treatment was performed [11]. 
Therefore, radiographically inadequate obturation promotes a 
risk of failure between 54 to 64.5% [4, 7], and the short length of 
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filling (>2 mm from the radiographic apex) represents the highest 
percentage of failure [12].  

With a cause-and-effect relation, the presence of AP on 
radiographic or tomographic images indicates microbial 
contamination inside the canal [13], and the failure of non-
surgical root canal procedures has been identified as the presence 
of post-treatment periapical disease [14]. Friedman et al. [15] and 
Siqueira et al. [16] emphasise that after PRCT, this condition may 
not resolve or develop later, categorising endodontic failure as a 
persistent periapical disease (PPD) or emergent periapical disease 
(EPD) [16]. Both clinical circumstances, with notable 
microbiologic differences in the development and progression of 
disease, reveal association but not causation. Therefore, whether 
the bacterial organisation in biofilm precedes and is a prerequisite 
for AP to develop or is a later event [17], and whether an 
association with clinical factors could be estimated for each 
pathological condition remains unknown.  

As such, the presented study aimed to characterise periapical 
disease in teeth with PRCT, in the persistent or emergent 
categories and their risk association. 

Materials and Methods 

A retrospective cohort observational study was performed. The 
Institutional Review Boards (IRB) Ethics Committee of the 
Universidad Nacional de Colombia School of Dentistry (CIEFO-
261-16) approved this investigation. 

Population and sample size 
Data were collected from individuals with restored permanent 
teeth, with complete root formation, and PRCT, who attended 
follow-up appointments in the Graduate Program in 
Endodontics. Teeth with pre- and post-operative radiographic 
records identifying the periapical state before treatment and at the 
time of the follow-up were included. Teeth with a history of 
vertical root fracture, dento-alveolar trauma, current orthodontic 
treatment, and teeth where it was impossible to recover the initial 
periapical status prior to the PRCT were excluded.  

The sample size was calculated based on a preliminary 
study in which the exposure factor of short obturation length 
estimated a 20% failure rate versus a 6.8% failure rate for teeth 
having flush obturation [18]. Therefore, with a confidence 
level of 95% and a power of 80%, a sample size of 243 teeth 
was estimated to be distributed in a ratio of 4:1 (teeth without 
the exposure factor:teeth that present it) [19]. A consecutive 
non-probabilistic selection of subjects who met the 
established eligibility criteria was designed to include the 
largest number of subjects.  

Active variables 
Demographics: Gender, age. 
Dental features: Type of tooth and its location, diagnosis, and 
periapical status before PRCT (presence or absence of AP). 
Quality of the root canal filling [11]: this variable was studied in 
terms of homogeneity, defined as presence or absence of spaces 
inside the root canal filling, as seen on a periapical radiograph [5]; 
Taper, defined as the continuous narrowing of the root canal in 
relationship with the transversal diameter [20]; Apical limit of the 
filling measured as the distance between the final extent of the 
sealing material and the radiographic apex. It was classified as short 
(>2 mm), flush (0-2 mm), or overfilling (<0 mm) [21].  
Errors: Presence or absence of intra-operative alterations in the 
apical third, such as fractures of the intracanal files, the presence of 
ledges or blockage in the canal. 

Type of Coronal Restoration: Direct or indirect; Role: Single 
tooth or abutment for a fixed partial denture; and Quality: Good or 
poor coronal seal, as determined subjectively. 

Supplementary variable 
The supplementary variable was analyzed according to the 
radiographic or clinical evaluation of the PRCT outcome 
regarding success and failure during the follow-up visits (greater 
than or equal to 1 year). Pre- and post-operative radiographic 
records allowed the classification of the periapical area as 
Presence of AP or Absence of AP. Additionally, the presence of 
one or more symptoms, such as pain or infection, during the 
postoperative phase was a failure indicator [21].  

Four [4] categories describe the outcome of PRCT. Success, 
defined as the absence of symptoms [22] accompanied by normal 
periapical structures or small changes in bone structure (absence of 
AP) [23]. The Success category is further divided by two categories: 
The periapical condition remains normal, or the periapical 
condition shows improvement, as the resolution of apical 
periodontitis identified before endodontic treatment [24, 25]. On 
the other hand, Failure includes changes in bone structure with 
some mineral loss and the presence of AP with a well-defined 
radiolucent area [26, 27]. The Failure category is further divided by 
two categories: PPD after treatment, that indicates no resolution of 
the condition after treatment [16, 28]; or EPD which corresponds 
to the apical periodontitis that appears after having finished the 
endodontic treatment [16, 28] (Figure 1). 

The reading of the radiographic images, which allowed the 
study of the periapical status, the quality of the root filling, and the 
presence of intra-operative errors, was performed out by two 
blinded evaluators (CD and SQ) whose inter-observer agreement 
concordance was considered good, Kappa Coefficient (ƙ):0.80, and 
with an almost perfect consistency ƙ: 1 for the intra-observer 
evaluation [29]. The radiographic images at the time of the control  
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Figure 1. Supplementary Variables; A) Emergent Periapical Disease (EPD): Apical periodontitis at follow-up appointment or “novo”; B) 
Persistent Periapical Disease (PPD): Apical periodontitis unresolved after treatment; C) Improvement: Apical periodontitis that resolves or 

improves after carrying out the treatment; D) Remains normal: Absence of Apical Periodontitis (Normal periapical structures; or small changes in 
bone structure) before and after treatment 

 

were taken by a Heliodent Sirona equipment (Heliodent 
580921003350 Series 50602; Sirona Dental Systems, Bensheim, 
Germany) operated at 60-63 Kv, 8 mA and 0.25-0.32 sec of 
exposure, with a radiation dose of 0.033 mSv, depending on the type 
and location of the tooth. The parallelism technique was 
implemented using the XCP ring (Dentsply Rinn, Elgin, IL, USA). 
Observation was carried out under RVG (Radio Visio Graphy 5100 
and Carestream Dental Imaging software, Rochester, NY, USA). 
The results were stored in digital files using Microsoft Excel 
2007/12.0 (Microsoft Corp., Redmond, USA). 

Statistical analysis 
For continuous variables such as age, a univariate analysis determined 
ranges, percentiles, averages, and standard deviation. For discrete 
variables, a count established the proportion and the percentage 
frequency (n). To verify if there were significant differences between 
age and the outcomes of primary root canal procedures, a Kruskal-
Wallis analysis was set at 95% confidence level. A multiple 
correspondence analysis established the similarity or proximity 
between the different factors, therefore, determining trends and 
rankings among them. The active variables (which participated in the 
construction of the factorial axes), and the supplementary or 
illustrative variables represented the categories of the result. The 
statistical analysis was performed using the statistical software R 
version 3.3.3 (GNOME Foundation TM, Orinda, CA, USA). 

Results 

A total of 232 teeth of 155 patients were studied (age range: 
55.8±12.8 years, 59% females, 41% males). Failure rate for PRCT 
was 24% (PPD: 10.3%, EPD: 13.7%). Sixty one percent of teeth were 
followed over a period of less than 5 years, 24% were followed from 
5 to 10 years, and 15% of them were followed over a period of more 
than 10 years (Table 1). The Kruskal-Wallis analysis (Χ2=9.473 and 
a P value of 0.023) determined a statistically significant distribution 
between age and the primary treatment outcome categories. 
Therefore, it is possible to affirm that all 4 groups came from 
different distributions regarding age. 

The active and supplementary variables were hierarchically 
distributed in the factorial planes regarding the multiple 
correspondence analysis. The active variables of gender, type 
and location of the tooth, presence or absence of a post-type 
restoration, and type and role of the restoration did not establish 
a concrete distribution in relation to the supplementary 
variables. Therefore, according to the mathematical principle of 
the analysis (Burt's matrix), it was assumed that variables with a 
very low cumulative percentage (<20%) were not representative 
of the primary treatment outcomes due to their low capacity to 
characterise a result, and consequently, they were excluded from 
the analysis. 
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Table 1. Distribution of the active variables in relation to the supplementary variables 

Factors/N: 232 
N (%) Failure 56 (24%) Success 176 (76%) 

 Emergent 
32 (13.7 %) 

Persistent  
24 (10,3%) 

Improvement  
52 (22.5%) 

Remains normal  
124 (53.5%) 

Gender 
Male 96 (41) 15 (15,6) 8 (8.4) 22 (22.9) 51 (53.1) 
Female 136 (59) 17 (12.5) 16 (11.8) 30 (22.1) 73 (53.7) 
Tooth type  
Molar 102 (44) 22 (21.6) 11 (10.8) 20 (19,6) 49 (48) 
Premolar 73 (31) 5 (6.8) 5 (6.8) 13 (17.8) 50 (68.5) 
Anterior 57 (25) 5 (8.8) 8 (14) 19 (33.3) 25 (43.9) 
Tooth localization 
Maxilary 136 (59) 19 (14.0) 17 (12,5) 28 (20,6) 72 (52.9) 
Mandibulary 96 (41) 13 (13.5) 7 (7,3) 24 (25) 52 (54.2) 
Initial pulpal diagnosis 
Pulp necrosis 80 (34) 0 (0,0) 24 (30) 47 (58.8) 9 (11.3) 
Symptomatic irreversible pulpitis 71 (31) 15 (21.1) 0 (0) 1 (1.4) 55 (77.5) 
Asymptomatic irreversible pulpitis 58 (25) 13 (22.4) 0 (0) 0 (0) 45 (77.6) 
Normal pulp 23 (10) 4 (17.4) 0 (0) 4 (17.4) 15 (65.2) 
Apical Periodontitis 
Present  76 (33) 0 (0.0) 24 (31.6) 52 (68.4) 0 (0) 
Absent  156 (67) 32 (20.5) 0 (0) 0 (0) 124 (79.5) 
Appointment 
1 140 (60) 31 (22.1) 0 (0) 0 (0) 109 (77.9) 
2 90 (39) 1 (1.1) 22 (24.4) 52 (57.8) 15 (16.7) 
3 2 (1) 0 (0.0) 2 (100) 0 (0) 0 (0) 
Apical limit of the filling 
Short 46 (20) 25 (54.3) 9 (19.6) 4 (8.7) 8 (17.4) 
Overfilling 13 (6) 1 (7.7) 3 (23.1) 3 (23.1) 6 (46.2) 
Flush 173 (75) 6 (3.5) 12 (6,9) 45 (26) 110 (63.6) 
Homogeneity of root filling 
Unacceptable 23 (10) 12 (52.2) 5 (21.7) 1 (4.3) 5 (21.7) 
Acceptable 209 (90) 20 (9,6) 19 (9,1) 51 (24.4) 119 (56.9) 
Taper of root filling 
Unacceptable 13 (6) 9 (69.2) 2 (15.4) 0 (0) 2 (15.4) 
Acceptable 219 (94) 23 (10.5) 22 (10.0) 52 (23.7) 122 (55.7) 
Ledge 
Yes 12 (5) 6 (50.0) 0 (0,0) 3 (25) 3 (25) 
No 220 (95) 26 (11.8) 24 (10.9) 49 (22.3) 121 (55) 
Instrument fracture 
Yes 21 (9) 2 (9.5) 5 (23.8) 2 (9.5) 12 (57.1) 
No 211 (91) 30 (14.2) 19 (9.0) 50 (23.7) 112 (53.1) 
Restoration type 
Direct 86 (37) 6 (7.0) 12 (14.0) 23 (26.7) 45 (52,3) 
Indirect 146 (63) 26 (17.8) 12 (8.2) 29 (19.9) 79 (54,1) 
Post 
Yes 124 (53) 21 (16.9) 11 (8.9) 21 (16,9) 71 (57.3) 
No 108 (47) 11 (10.2) 13 (12.0) 31 (28,7) 53 (49.1) 
Restoration role 
Denture abutments 21 (9) 5 (23.8) 1 (4.8) 6 (28.6) 9 (42.9) 
Individual 211 (91) 27 (12.8) 23 (10.9) 46 (21.8) 115 (54.5) 
Coronal restoration Seal 
Poor seal 17 (7) 5 (29.4) 3 (17.6) 2 (11.8) 7 (41.2) 
Good seal 215 (93) 27 (12.6) 21 (9.8) 50 (23.3) 117 (54.4) 
Control time 
<5 years 142 (61) 17 (12.0) 18 (12,7) 31 (21.8) 76 (53.5) 
5– 10 years 56 (24) 10 (17.9) 5 (8.9) 11 (19.6) 30 (53. 6) 
> 10 years 34 (15) 5 (14.7) 1 (2.9) 10 (29.4) 18 (52.9) 
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Figure 2. Multiple correspondence analysis that includes the active 
variables: Quality of the root canal filling (density, taper, and apical 

limit); Errors (present or absent)  

 

Figure 3. Multiple correspondence analysis that includes the active 
variables: Restoration quality; (poor or good seal); Restoration role 

(individual tooth or abutment for a fixed partial denture); Initial pulpal 
diagnosis (normal, necrosis, symptomatic or asymptomatic pulpitis); 

and Appointments (ordinal number)  

Figure 4. Multiple correspondence analysis that includes the active 
variables: Quality of the root canal filling (density, taper, and apical limit); 
Previous periapical status (lesion or no lesion); Errors (present or absent)  

 
Regarding, the mathematical weight of each active variable in 

relation to the supplementary one, 63%, 43% or 52% (Figures 2-
4), the hierarchy for the factors such as pulpal diagnosis, presence 
or absence of AP, number of appointments, quality of root filling 
(apical limit, taper and homogeneity), presence or absence of 
errors (fracture of instrument or ledge), and quality of the filling 
was established. Variables were associated according to their 
spatial position in relation to the outcome categories, i.e., Remains 
normal, Improvement, PPD, or EPD. 

The abovementioned parameters and findings within this 
study determined that:  

The association trend identified that the failure categories 
(PPD, EPD) are located in the same axis and the same 
coordinate, establishing a spatial closeness in a same plane, 
which implies a similarity between the distributions of the 
modalities they represent. Similar findings are seen within the 
success categories (Figures 2-4). 

The sign of the coordinates was considered together with the 
representation given by the cosine-squared mathematical 
function. The points near the center of the plane indicate high 
frequencies. Conversely, points far from the plane represent 
unusual modalities.  

Similar profiles in spatial distribution recognizable by the 
proximity between the factors and the supplementary variables 
established four outcome categories. 
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Group I: Failure-EPD: Characterized by a short length of filling, 
followed by previous pulpal diagnosis of inflammation, 
symptomatic irreversible pulpitis and asymptomatic irreversible 
pulpitis (Figures 2-4). 
Group II: Failure-PPD: Characterized by a previous pulpal 
diagnosis of necrosis, presence of previous AP, occurrence of 
intra-operative errors in the apical third of the root, poor seal of 
the restoration, and overfilling (Figures 3 and 4). 
Group III: Success-Improvement: Characterized by a flush 
length of root filling, absence of intra-operative errors at the 
apical third, completion of treatment in 2 appointments, and the 
presence of previous AP (Figures 2 and 3). 
Group IV: Success-Remains normal: Characterized by a flush 
length of root filling, absence of intra-operative errors in the apical 
third, and an optimal sealing of the restoration (Figures 2 and 3). 

Active variables of taper and homogeneity of the root filling 
were not considered common factors to categorize the outcome. 
Treatments in three appointments and the presence of intra-
operative errors in the apical third represented infrequent 
modalities. In agreement with the distribution in the axes, it was 
possible to determine that the active variables that were located 
in regions opposed to the supplementary variables represented 
modalities with different and probably opposite distributions 
(Figures 2-4). 

Discussion 

A retrospective cohort observational study was conducted to 
categorise the failure of PRCT by analysing the clinical factors 
associated with it. A 24% failure rate was determined for 232 
teeth with PRCT, followed from 1 to 16 years. The clinical 
conditions analysed before, and after the endodontic treatment 
determined two failure categories: PPD, and EPD. The 
application of the multiple correspondence analysis represented 
the interaction between intra-operative errors in the apical third 
and overfilling with PPD, and short filling and pulpitis with 
EPD, estimating a difference between the failure categories.  

Longitudinal endodontic studies and clinical trials are the 
two main approaches of evaluating the results of PRCT. A 24% 
treatment failure should raise reflection to identify the dynamic 
nature of periapical healing and the effect of the endodontic 
intervention [27]. 

This failure rate, compared with other populations analysed 
(the 2006 Toronto Study-Phase III, (14%) [30], Ng et al. (32%) 
[31], and Da Silva et al. (21.4%) [32]), allows us to reflect on the 
difficulty of endodontic treatment for disease control and the 
causality that is established between clinical factors and 

treatment failure. Socio-demographic factors, age, sex, and tooth 
type did not significantly affect endodontic failure. These 
conclusions, confirmed by previous studies [27], identify the 
heterogeneous distribution of the population within oral health 
services, which prevents estimating associations inherent to the 
individual with the outcome. 

These observations divert all attention to microbiological 
control and the operative clinical factors as specific risks for the 
appearance of the disease [33]. According to the results, the 
quality of filling in endodontically treated teeth, with 
radiographic evidence of length and density of root filling, could 
be used to assess the treatment outcome [33] .  

Analysing the occurrence of post-treatment failure, it was 
compelling to observe a difference of 3.4% for the occurrence of 
EPD over PPD. In this regard, Siqueira et al. [16] showed that 
EPD is a secondary infection that appears after a treatment in a 
tooth that is expected to be free of bacterial contamination. In 
contrast, PPD confirms the resistance of the bacterial flora to 
treatment or failure to remove the aetiological factors during 
treatment. Both entities have been historically associated with  
poor root fillings and/or the occurrence of intra-operative errors 
during the mechanical manipulation of the root canal [34]. The 
present characterisation defined different routes for the 
emergence or persistence of such disease. As such, the spatial 
distribution of a short root filling associated with EPD in all 
possible scenarios constructed by the statistical analysis could 
determine that a short root filling can alter the prognosis, 
independently of the previous periapical diagnosis. Ricucci et al. 
[9] reported up to 66.7% failure rate for very short root 
treatments, confirming that the loss of length during endodontic 
obturation can be considered as a significant risk factor for the 
emergence of the disease [35, 36]. 

The opposite effect determined the flush filling category, 
which, in all models, is associated with the two success categories 
proposed in this study, confirming the role played by adequate 
mechanical and chemical conformation during primary 
endodontic treatment [9]. In addition, an apical limit of 
overfilling was spatially related to the persistence of periapical 
disease, once again confirming how the lack of an apical seal 
impacts the treatment outcome [36]. 

On the other hand, Hoskinson et al. [37] did not find 
significant differences between the remaining characteristics 
(taper and homogeneity) that define the quality of a root filling, 
which weakly characterise the result of the primary treatment, 
giving them a lower range of risk for failure compared to the 
effect that promotes the apical limit of filling [37]. The presence 
of a previous periapical lesion is considered a predictor of 
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procedural failure. According to Ricucci et al. [9], the presence 
of previous periapical pathosis significantly reduces the success 
rate of treatment by 9%, and complex anatomical areas may 
serve as reservoirs of residual infection to cause persistent AP 
[9]. However, a dependency between bacterial infection before 
primary treatment and operative efficiency may affect the 
outcome [38]. Our findings confirm how the presence of AP 
impacts both the Failure-EPD category and the Success-
Improvement category. 

This principle further supports the recommendation that 
better working conditions promote successful procedures and 
that the presence of pre-operative infection as a potential factor 
for failure [38], can represent a minimal risk if controlled 
intracanal techniques are available. According to the results 
obtained, EPD depends directly on the control of intra-operative 
factors, mainly the apical limit of the obturation, which could 
increase the success rate of the PRCT by around 13%.  

Emergent periapical disease is unrelated to the occurrence 
of intra-operative errors, fracture of instruments and the 
presence of steps. However, when there is evidence of AP 
before treatment, and an error occurs, the persistence of PPE 
becomes clear. This identifies an interaction between the 
presence of previous periapical pathosis and the occurrence 
of intra-operative errors in the apical third. Marquis et al. 
[30] associates the occurrence of intra-operative errors with 
the increased risk of treatment failure. However, the 
interaction that arises becomes evident by characterising the 
failure in EPE and PPE. 

Lastly, a slight association between the quality of the coronal 
restoration and the outcome can be understood, considering 
that most of the studied populations (93%) presented an optimal 
sealing of the coronal restoration. However, a slight relationship 
between the persistence of the disease and a low-quality 
restoration was noted [39]. 

Conclusion 

Failure of the PRCT can be characterised as EPD and PPD. 
Through the spatial associations observed in the distribution of 
the factors, an interaction between the presence of previous 
periapical pathosis and the occurrence of intra-operative errors 
in the apical third was established regarding the persistence of 
the disease. Additionally, short root fillings represented the 
greatest association with failure of the primary root treatment, 
even when there is no previous periapical pathology. Lastly, EPD 
should be considered as the true failure of PRCT. 

Conflict of Interest: ‘None declared’. 

References  

1. Chandra A. Discuss the factors that affect the outcome of endodontic 
treatment. Aust Endod J. 2009;35(2):98-107. 

2. Ng YL, Mann V, Gulabivala K. A prospective study of the factors 
affecting outcomes of nonsurgical root canal treatment: part 1: 
periapical health. Int Endod J. 2011;44(7):583-609. 

3. Zuolo ML, Ferreira MO, Gutmann JL. Prognosis in periradicular 
surgery: a clinical prospective study. Int Endod J. 2000;33(2):91-8. 

4. Zhong Y, Chasen J, Yamanaka R, Garcia R, Kaye EK, Kaufman JS, Cai 
J, Wilcosky T, Trope M, Caplan DJ. Extension and density of root 
fillings and postoperative apical radiolucencies in the Veterans 
Affairs Dental Longitudinal Study. J Endod. 2008;34(7):798-803. 

5. Santos SM, Soares JA, Costa GM, Brito-Junior M, Moreira AN, de 
Magalhaes CS. Radiographic parameters of quality of root canal 
fillings and periapical status: a retrospective cohort study. J Endod. 
2010;36(12):1932-7. 

6. Tiburcio-Machado CS, Michelon C, Zanatta FB, Gomes MS, Marin 
JA, Bier CA. The global prevalence of apical periodontitis: a 
systematic review and meta-analysis. Int Endod J. 2021;54(5):712-35. 

7. Moreno JO, Alves FR, Goncalves LS, Martinez AM, Rocas IN, 
Siqueira JF, Jr. Periradicular status and quality of root canal fillings 
and coronal restorations in an urban Colombian population. J 
Endod. 2013;39(5):600-4. 

8. Song M, Park M, Lee CY, Kim E. Periapical status related to the 
quality of coronal restorations and root fillings in a Korean 
population. J Endod. 2014;40(2):182-6. 

9. Ricucci D, Russo J, Rutberg M, Burleson JA, Spangberg LS. A 
prospective cohort study of endodontic treatments of 1,369 root 
canals: results after 5 years. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2011;112(6):825-42. 

10. Tsesis I, Goldberger T, Taschieri S, Seifan M, Tamse A, Rosen E. 
The dynamics of periapical lesions in endodontically treated teeth 
that are left without intervention: a longitudinal study. J Endod. 
2013;39(12):1510-5. 

11. Robia G. Comparative radiographic assessment of root canal 
obturation quality: manual verses rotary canal preparation 
technique. Int J Biomed Sci. 2014;10(2):136-42. 

12. De Sousa Gomide Guimarães M SR, Guimarães G, et al. Evaluation 
of the relationship between obturation length and presence of apical 
periodontitis by CBCT: an observational cross-sectional study. Clin 
Oral Investig. 2019;23(5):2055-60. 

13. Moura MS, Guedes OA, De Alencar AH, Azevedo BC, Estrela C. 
Influence of length of root canal obturation on apical periodontitis 
detected by periapical radiography and cone beam computed 
tomography. J Endod. 2009;35(6):805-9. 

14. Wu MK, Wesselink P, Shemesh H. New terms for categorizing the 
outcome of root canal treatment. Int Endod J. 2011;44(11):1079-80. 

15. Friedman S, Mor C. The success of endodontic therapy--healing 
and functionality. J Calif Dent Assoc. 2004;32(6):493-503. 

16. Siqueira JF, Jr., Rocas IN, Ricucci D, Hulsmann M. Causes and 
management of post-treatment apical periodontitis. Br Dent J. 
2014;216(6):305-12. 



 

IEJ Iranian Endodontic Journal 2023;18(4): 233-240 

 This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). 

240 Aleman et al. 

17. Siqueira JF, Jr., Rocas IN. Present status and future directions: 
Microbiology of endodontic infections. Int Endod J. 2022;55 Suppl 
3:512-30. 

18. Garcia-Guerrero C, Delgado-Rodriguez CE, Molano-Gonzalez N, 
Pineda-Velandia GA, Marin-Zuluaga DJ, Leal-Fernandez MC, 
Gutmann JL. Predicting the outcome of initial non-surgical 
endodontic procedures by periapical status and quality of root canal 
filling: a cohort study. Odontology. 2020;108(4):697-703. 

19. Fleiss JL, Levin B, Myunghee C.P. . Statistical methods for rates and 
proportions. . Wiley-Interscience. 2004;3rd ed. 

20. Schilder H. Filling root canals in three dimensions. Dent Clin North 
Am. 1967:723-44. 

21. Sjogren U, Hagglund B, Sundqvist G, Wing K. Factors affecting the 
long-term results of endodontic treatment. J Endod. 
1990;16(10):498-504. 

22. Halse A, Molven O. A strategy for the diagnosis of periapical 
pathosis. J Endod. 1986;12(11):534-8. 

23. Abbott PV. Recognition and prevention of failures in clinical 
dentistry. Endodontics. Ann R Australas Coll Dent Surg. 
1991;11:150-66. 

24. Molven O, Halse A, Grung B. Observer strategy and the 
radiographic classification of healing after endodontic surgery. Int 
J Oral Maxillofac Surg. 1987;16(4):432-9. 

25. Yu VS, Messer HH, Shen L, Yee R, Hsu CY. Lesion progression in 
post-treatment persistent endodontic lesions. J Endod. 
2012;38(10):1316-21. 

26. Orstavik D, Kerekes K, Eriksen HM. The periapical index: a scoring 
system for radiographic assessment of apical periodontitis. Endod 
Dent Traumatol. 1986;2(1):20-34. 

27. Asgary S, Shadman B, Ghalamkarpour Z, Shahravan A, Ghoddusi 
J, Bagherpour A, Akbarzadeh Baghban A, Hashemipour M, 
Ghasemian Pour M. Periapical Status and Quality of Root canal 
Fillings and Coronal Restorations in Iranian Population. Iran 
Endod J. 2010;5(2):74-82. 

28. Sánchez JA G-GC. Categorización del fracaso para el tratamiento 
endodóntico primario. Acta Odontológica Colombiana. 
2019;9(2):10 - 23. 

29. García-Guerrero C, Caicedo-Rosero, Ángela V., Delgado-
Rodríguez, C. E., Quijano-Guauque, S., Rodriguez-Godoy, M., & 
Camargo-Huertas, H. Concordancia y consistencia en la evaluación 
de imágenes diagnósticas del tejido periapical en endodoncia. . 
Duazary. 2021;18(4):350–60. 

30. Marquis VL, Dao T, Farzaneh M, Abitbol S, Friedman S. Treatment 
outcome in endodontics: the Toronto Study. Phase III: initial 
treatment. J Endod. 2006;32(4):299-306. 

31. Ng YL, Mann V, Rahbaran S, Lewsey J, Gulabivala K. Outcome of 
primary root canal treatment: systematic review of the literature - 
part 1. Effects of study characteristics on probability of success. Int 
Endod J. 2007;40(12):921-39. 

32. Da Silva K, Lam JM, Wu N, Duckmanton P. Cross-sectional study 
of endodontic treatment in an Australian population. Aust Endod 
J. 2009;35(3):140-6. 

33. Moazami F, Sahebi S, Sobhnamayan F, Alipour A. Success rate of 
nonsurgical endodontic treatment of nonvital teeth with variable 
periradicular lesions. Iran Endod J. 2011;6(3):119-24. 

34. Nair PN, Sjogren U, Krey G, Kahnberg KE, Sundqvist G. 
Intraradicular bacteria and fungi in root-filled, asymptomatic 
human teeth with therapy-resistant periapical lesions: a long-term 
light and electron microscopic follow-up study. J Endod. 
1990;16(12):580-8. 

35. Stoll R, Betke K, Stachniss V. The influence of different factors on 
the survival of root canal fillings: a 10-year retrospective study. J 
Endod. 2005;31(11):783-90. 

36. Kirkevang LL, Orstavik D, Bahrami G, Wenzel A, Vaeth M. 
Prediction of periapical status and tooth extraction. Int Endod J. 
2017;50(1):5-14. 

37. Hoskinson SE, Ng YL, Hoskinson AE, Moles DR, Gulabivala K. A 
retrospective comparison of outcome of root canal treatment using 
two different protocols. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2002;93(6):705-15. 

38. Azim AA, Griggs JA, Huang GT. The Tennessee study: factors 
affecting treatment outcome and healing time following 
nonsurgical root canal treatment. Int Endod J. 2016;49(1):6-16. 

39. Timmerman A, Calache H, Parashos P. A cross sectional and 
longitudinal study of endodontic and periapical status in an 
Australian population. Aust Dent J. 2017;62(3):345-54. 

 

 
Please cite this paper as: Sánchez Aleman JA, Jiménez Prieto DI, 
García Guerrero CC. Post-treatment Apical Periodontitis in 
Primary Non-Surgical Root Canal Treatment: A Multiple 
Correspondence Analysis. Iran Endod J. 2023;18(4): 233-40. 
Doi: 10.22037/iej.v18i4.26710. 

 

 


