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Background: The aim of this study was to analyze the outcome and prognostic factors of root canal 
treatment (RCT) and endodontic microsurgery (EMS) in the treatment of apical periodontitis (AP), 
respectively, and to compare the outcome and prognostic factors between initial RCT and nonsurgical 
retreatment (re-RCT) for AP.
Methods: Patients with AP were recruited from the Stomatology Department of Peking University Third 
Hospital from January 2016 to December 2019. Data were collected by medical records review. Univariate 
analysis of treatment outcome was performed for the total RCT group, initial RCT group, re-RCT group 
and EMS group, respectively. Multivariate logistic regression was performed for the three RCT groups, 
respectively, but not for the EMS group.
Results: The overall success of treatment for AP was 73.8%. The success rate of RCT in 229 cases was 
70.7%, while that of EMS in 34 cases was 94.1%. The failure of RCT was significantly higher for elderly 
patients [odds ratio (OR) =1.025, P=0.013], teeth with incomplete fracture (OR =7.082, P=0.013), teeth with 
a greater crown root ratio (OR =1.198, P=0.029), teeth treated by a general dentist (OR =2.16, P=0.042) and 
teeth with unqualified treatment (OR =2.841, P=0.002). Of the 166 teeth treated by initial RCT, the success 
was 68.1%. A greater crown root ratio (OR =1.333, P=0.004) was identified as a risk factor for treatment. 
Of the 63 teeth treated by re-RCT, the success was 77.8%. A lower success was observed in teeth with 
unqualified treatment (OR =5.291, P=0.018). With regard to EMS, the univariate analysis showed that none 
of the variables were significantly related to the outcome.
Conclusions: For AP treated by RCT, age, incomplete tooth fracture, crown root ratio, doctor 
classification and unqualified treatment had a strong impact on determining outcome. For initial RCT, 
crown root ratio was a significant outcome predictor, while for re-RCT, unqualified treatment was a strong 
statistically significant factor. No significant difference was found between the success of initial RCT and re-
RCT for AP.
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Introduction

Apical periodontitis (AP) is an inflammatory disorder of 
periapical tissues caused by etiological agents of endodontic 
origin (1). AP is one of the major causes of tooth extraction 
and may have local clinical signs of inflammation such as 
pain, swelling, or loss of function. In addition, AP may affect 
the general health of the patient by changing peripheral 
blood levels of inflammatory mediators and markers (2). 
Teeth with AP can be managed by either nonsurgical root 
canal treatment (RCT) or apical surgery (AS). In general, 
RCT includes initial RCT and nonsurgical retreatment  
(re-RCT).

RCT is the preferred treatment choice for AP as it 
eliminates microorganisms from the root canal system via 
chemo-mechanical debridement, followed by root filling to 
provide a good biological environment for the healing of 
AP. The success rate of RCT in teeth with AP varies from 
53.6% to 87.8% (3-5). Re-RCT or AS can be considered 
for the treatment of persistent AP after initial RCT. AS is 
the treatment of choice for persistent AP as it can manage 
the infected apex, extra-radicular infection or true cysts 
and provide a hermetic seal of the apical area directly. The 
now widely used endodontic microsurgery (EMS) using 
a microscope, ultrasonic retro-tips, and new retro-filling 
materials has shown a significantly high success of 90% at 
2–4 years and 84% at 4–6 years (6).

Numerous studies have been performed to evaluate the 
outcome and prognostic factors of RCT and EMS based 
on clinical and radiographic examinations (7-10). However, 
reported outcomes have shown considerable differences, 
probably due to differences in the data composition, clinical 
procedures, and methodology (3). In addition, previous 
analysis of the outcome of RCT was based on pulpal 
and periapical diseases, including cases with or without 
preoperative periapical lesions. It has been confirmed that 
the success was significantly lower in cases with periapical 
lesions than in those without periapical lesions (5,10-12). 
The healing of pulpal disease and AP after RCT involves 
different pathophysiological procedures. Therefore, in 
order to improve the understanding of AP, it is necessary to 
analyze the outcome of AP separately.

Many studies have also compared the success of initial 

RCT and re-RCT (5,9-12), most of which showed that 
the success rate of initial RCT was higher than that of re-
RCT (9-12), while one study demonstrated that there was 
no difference (5). However, these studies included all pulpal 
and periapical diseases, and no conclusion was reached on 
the outcome difference between initial RCT and re-RCT 
of AP, or on the difference in prognostic factors following 
initial RCT and re-RCT for AP (13).

Therefore, by reviewing the medical records of patients 
with AP who received treatment in the Stomatology 
Department of the Peking University Third Hospital from 
January 2016 to December 2019, this study analyzed the 
outcome and prognostic factors of RCT and EMS in the 
treatment of AP, respectively, and the difference in outcome 
and prognostic factors between initial RCT and re-RCT.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2507).

Methods

Study design and cohort establishment

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Medical Science Research Ethics 
Committee of Peking University Third Hospital (No. 
2020/142-03) and individual consent for this retrospective 
analysis was waived. The clinical records of all patients who 
were diagnosed with AP in the Department of Stomatology 
of Peking University Third Hospital from January 2016 to 
December 2019 were reviewed. Treatment options included 
RCT (initial RCT and re-RCT) and EMS. If RCT was 
undertaken, and failure was found at review, then EMS was 
undertaken, it was classified as one EMS case with a failed 
RCT history. Data were collected in a variety of ways to 
reduce loss to follow-up. Cases with periapical radiographs 
(PA) of preoperative, postoperative and follow-up images 
of no less than 1 year were included. In addition, cases who 
had teeth extracted or who underwent further treatment 
at less than 1 year due to endodontic failure were also 
included. Cases with missing data were excluded; thus, all 
patients in this cohort had complete data. In the outcome 
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evaluation phase, cases with vertical root fracture (VRF) and 
those in whom outcome could not be accurately determined 
were excluded. The flowchart of case review and selection is 
shown in Figure 1.

RCT procedures

All of the RCT procedures were performed according 
to standard operation guidelines (14). After access cavity 
preparation, working length determination was aided by 
an electronic apex locator (Root ZX mini; J Morita Corp, 
Tokyo, Japan). The canals were enlarged in a crown-down 
or step-back technique using nickel-titanium rotary or 
stainless steel instruments. The canals were filled using the 
cold lateral compaction or a warm vertical condensation 
technique with gutta-percha and RoekoSeal sealer (Coltene/
Whaledent, Langenau, Germany) followed by a definitive 
coronal restoration material, or a post and crown. In the 
case of multiple visit treatment, calcium hydroxide was used 
as an intracanal medication between appointments.

EMS procedures

All 34 EMS were performed by an experienced endodontic 
specialist under microscope using a standardized clinical 
protocol (15). Local anesthesia was administered followed 
by flap elevation. A surgical curette was used to enucleate 
the pathological tissue and identify the root apex with/
without prior osteotomy. Approximately 3 mm of the 
apical was resected perpendicular to the long axis of the 
tooth with no or minimal bevel. The root apex and root 
surfaces before and after root-end resection was carefully 
inspected and observed under an OPMI Proergo operative 
microscope (Carl Zeiss AG, Jena, Germany). The root-end 
cavity was prepared with ultrasonic micro-tips and filled 
with retrograde materials, either ProRoot MTA (Dentsply 
Maillefer, Ballaigues, Switzerland) or IRM (Caulk Co., 
Ltd., Densply International, Milford, DE, USA). Flaps 
were repositioned and sutured. Antibiotics and analgesic 
medication were prescribed.

Data collection

A total of 27 variables were collected. Some variables were 
obtained from the medical records, while other variables 
were obtained by preoperative and postoperative PA 
evaluation or measurement. The specific judgment and 
measurement methods of the 27 variables are shown in  
Table 1.

PA using a parallel technique was obtained by Sirona 
Dental Systems GmhH (Sirona, Bensheim, Germany). 
ImageJ software (version 1.51, NIH Image, Bethesda, MD, 
USA) was used to measure the root curvature degree, crown 
root ratio, apical foramen diameter, and periapical lesion 
area of the teeth. Two experienced endodontic specialists 
independently evaluated the PA in a quiet environment, 
respectively, and the two observers had good agreement 
(kappa =0.822). In the case of inconsistent results, the two 
evaluators reached a consensus after discussion.

Outcome assessment

The presence or absence of signs and symptoms (pain, 
swelling, sinus tract) and the changes in periapical lesion 
area were used as outcome measures. Teeth were classified 
as successful healing when (I) clinically, there was absence 
of signs and symptoms and (II) radiographically, there 
was reduced periapical lesion area. Teeth were classified 

Figure 1 Flowchart for case review and selection. AP, apical 
periodontitis; PA, periapical radiographs; VRF, vertical root 
fracture.

Cases diagnosed as AP with PA of 
preoperative, postoperative and follow-

up no less than 1 year (n=299 teeth)

Cases eligible for outcome evaluation 
(n=307 teeth)

Cases of which success rate and 
prognostic factors were analyzed

 (n=263 teeth)

Endodontic failure cases at less 
than 1 year (n=21 teeth)

Cases with missing data
(n=13 teeth)

Cases with VRF (n=9 teeth)

Cases that outcome could not 
be accurate determined 

(n=35 teeth)
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as unsuccessful healing or failure when clinical signs and 
symptoms were present, or when there was an unchanged or 
enlarged periapical lesion area. If a tooth had multiple roots 
and one of the roots was evaluated as unsuccessful, the tooth 
was classified as unsuccessful healing. Radiographically, 
preoperative and follow-up PA were compared to evaluate 
the periapical bone healing according to whether the 
measured periapical lesion area decreased. As the angles of 
preoperative and follow-up PA were not totally consistent, 
the measurement results of periapical lesion areas were 
incomparable. Therefore, the two images were calibrated 
with the ImageJ Turboreg plugin, and then the areas of 
radiolucency around the apex of both preoperative and 
follow-up PA were measured by ImageJ and compared 
to obtain the outcome. The devices and methods used 
to read the film were the same as those used for imaging 

assessments of variables as described above. If the observers 
could not reach an agreement, the case was excluded.

Statistical analysis

Data analyses were performed using SPSS 26.0 software 
(IBM, Chicago, IL, USA). Among quantitative variables, 
the apical foramen diameter is converted to categorical 
variables with 1mm as the limit. Other quantitative variables 
were still statistically analyzed as quantitative variables. 
The median and interquartile range were used to describe 
quantitative variables, and the frequency and percentage 
were used to describe categorical variables. A battery of 
statistical analyses, including the χ2 test, Fisher’s exact test 
and Mann-Whitney U test were performed. All variables 
that demonstrated a P value <0.1 were incorporated into 

Table 1 Data collection, judgment criteria and measurement methods of the variables examined

Variables Data collection, judgment criteria and measurement methods

Gender, age, upper or lower tooth, single or multiple-root tooth, 
history of dental trauma, history of previous endodontic treatment, 
incomplete tooth fracture, sinus tract, periodontal pocket, doctor 
classification (general dentist or endodontic specialist), treatment 
options, root canal preparation technique, root canal obturation 
technique, rubber dam, sodium hypochlorite irrigation, irrigation 
activated by ultrasound, intracanal medication with calcium 
hydroxide, effective inter-appointment coronal sealing, crown repair

Information was obtained from medical records

PAI Determination of PAI was from the literature (16). The PAI scores 
ranged from 1 (periapical healthy) to 5 (progressive apical 
periodontitis)

Root curvature The root curvature was measured by ImageJ software based on the 
Schneider method (17)

Crown root ratio Calculation of crown root ratio was by a method mentioned in the 
literature (18) 

Apical foramen diameter Apical foramen diameter was measured by ImageJ software

Area of periapical lesions The area of low-density shadow around the apex was measured by 
ImageJ software

Qualified treatment and qualified previous endodontic treatment This variable was evaluated by radiography. For RCT cases, qualified 
treatment involves obturation of all canals, no voids present, root 
filling ends 0–2 mm short of the radiographic apex, and no unfilled 
root canal image in the apex. For EMS cases, the root filling direction 
of the apex extended in the direction of the root canal, and 3 mm 
dense retro-filling were considered to be qualified treatment

Possible crown leakage If there was “loss or partial loss of the restoration” or “secondary 
caries” in the medical records, or if there was a gap between the 
restoration and the tooth on the follow-up PA, this was judged as 
possible coronal leakage

PAI, periapical index; RCT, root canal treatment; EMS, endodontic microsurgery; PA, periapical radiographs.
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the multivariate logistic model to identify variables with 
statistically significant differences. Stratified subsamples 
were analyzed separately when deemed appropriate. All 
statistical tests were two-tailed, and interpreted at the 5% 
significance level. For total RCT, logistic regression analysis 
was performed on 10 possible influencing factors, requiring 
at least 50 successful cases and 50 failed cases. There were 
162 successful cases and 67 failed cases in this retrospective 
cohort, which met the sample size requirements for 
influencing factor analysis of efficacy.

Results

Description of the study sample

A total of 263 cases were included in this retrospective 
cohort study. The follow-up time in the 263 cases was an 
average of 19 months (range, 1–46 months). Of the 229 
RCT cases, 126 were completed by endodontic specialists 
and 103 by general dentists; 21 teeth were extracted or 
underwent further treatment at less than 1 year due to 
endodontic failure, and the remaining 208 teeth were 
followed up for an average of 20 months (range, 12– 
45 months). In addition, the follow-up time in 34 EMS 
cases was an average of 21 months (range, 12–46 months). 
Of the total 263 cases in the AP cohort, 194 cases showed 
successful healing (73.8%), and 69 cases (26.2%) showed 
unsuccessful healing.

Treatment outcome and prognostic factors of total RCT

The univariate analysis (Table 2) results revealed that of 
the total 229 RCT cases, 162 cases (70.7%) had successful 
healing, and 67 cases (29.3%) had unsuccessful healing. 
Significant successful healing rate differences were 
associated with five variables (P<0.05): age, crown root ratio, 
doctor classification, unqualified treatment and irrigation 
activated by ultrasound. With regard to preoperative 
factors, younger patients (P=0.002) and teeth with a smaller 
crown root ratio (P<0.001) had a more favorable outcome. 
With regard to intraoperative factors, teeth treated by an 
endodontic specialist (P=0.01), qualified treatment (P<0.001) 
and irrigation activated by ultrasound (P=0.047) resulted in 
a significantly greater success rate.

Multiple logistic regression results are shown in Table 3. 
These results revealed that treatment outcome following 
total RCT was significantly associated with five variables: 
age [odds ratio (OR) =1.025; confidence interval (CI): 1.005, 

1.045], incomplete tooth fracture (OR =7.082; CI: 1.516, 
33.089), crown root ratio (OR =1.198; CI: 1.019, 1.408), 
general dentist (OR =2.16; CI: 1.03, 4.545), and unqualified 
treatment (OR =2.841; CI: 1.456, 5.525). Thus, older age, 
greater crown root ratio, incomplete tooth fracture, general 
dentist rather than endodontic specialist and unqualified 
treatment were risk factors in the treatment of AP by  
total RCT.

Treatment outcome and prognostic factors of initial RCT

The univariate analysis (Table 4) results revealed that of the 
166 initial RCT cases, 113 cases (68.1%) had successful 
healing, and 53 cases (31.9%) had unsuccessful healing. 
Significant successful healing differences were associated 
with five variables (P<0.05): mandibular teeth, crown root 
ratio, sinus tract, unqualified treatment and root canal 
obturation technique. With regard to preoperative factors, 
maxillary teeth (P=0.042), teeth with a smaller crown root 
ratio (P=0.002) and a sinus tract (P=0.026) had a more 
favorable outcome. With regard to intraoperative factors, 
qualified treatment (P=0.018) and teeth treated with the 
warm vertical condensation technique (P=0.02) resulted in a 
significantly greater success rate.

Multiple logistic regression results are shown in Table 5. 
These results revealed that treatment outcome following 
initial RCT was significantly associated with crown 
root ratio (OR =1.333; CI: 1.095, 1.623). Thus, greater 
crown root ratio is a risk factor in the treatment of AP by  
initial RCT.

Treatment outcome and prognostic factors of re-RCT

The univariate analysis (Table 6) results revealed that of the 
63 re-RCT cases, 49 cases (77.8%) had successful healing, 
and 14 cases (22.2%) had unsuccessful healing. Significant 
successful healing rate differences were associated with four 
variables (P<0.05): age, crown root ratio, periodontal pocket 
and unqualified treatment. With regard to preoperative 
factors, younger patients (P=0.008), teeth with a smaller 
crown root ratio (P=0.007) and teeth without periodontal 
pocket (P=0.047) had a more favorable outcome. With 
regard to intraoperative factors, unqualified treatment 
(P=0.005) resulted in a significantly lower success rate.

Multiple logistic regression results are shown in Table 7. 
These results revealed that treatment outcome following re-
RCT was significantly associated with unqualified treatment 
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Table 2 Univariate description and analysis with percent frequencies of different treatment outcomes of total root canal treatment cases

Variables Success Failure χ2/z P value

Preoperative factors

Gender 0.778 0.378 

Female 53 (67.1%) 26 (32.9%)

Male 109 (72.7%) 41 (27.3%)

Age† 32.38‡ (23.24§) 43.92‡ (32.39§) −3.066 0.002**

History of dental trauma 1.362 0.243 

No 152 (69.7%) 66 (30.3%)

Yes 10 (90.9%) 1 (9.1%)

History of previous endodontic treatment 2.078 0.149 

No 113 (68.1%) 53 (31.9%)

Yes 49 (77.8%) 14 (22.2%)

Mandibular tooth 2.860 0.091 

No 90 (75.6%) 29 (24.4%)

Yes 72 (65.5%) 38 (34.5%)

Multiple-root tooth 0.756 0.385 

No 73 (73.7%) 26 (26.3%)

Yes 89 (68.5%) 41 (31.5%)

Root curvature† 1.89‡ (22.27§) 8.61‡ (28.26§) −0.876 0.381 

Area of periapical lesions† 14.80‡ (21.15§) 12.85‡ (19.09§) −1.358 0.174 

Incomplete tooth fracture 3.348 0.067 

No 158 (72.1%) 61 (27.9%)

Yes 4 (40%) 6 (60%)

Crown root ratio† 0.75‡ (0.33§) 1.03‡ (0.85§) −4.107 <0.001***

Sinus tract 2.004 0.157 

No 116 (68.2%) 54 (31.8%)

Yes 46 (78%) 13 (22%)

Periodontal pocket 3.817 0.051 

No 154 (72.6%) 58 (27.4%)

Yes 8 (47.1%) 9 (52.9%)

Apical foramen diameter NA 0.677 

<1 mm 156 (70.3%) 66 (29.7%)

≥1 mm 6 (85.7%) 1 (14.3%)

PAI 3.927 0.259 

2 6 (100%) 0 (0%)

3 19 (70.4%) 8 (29.6%)

4 18 (60%) 12 (40%)

5 119 (71.7%) 47 (28.3%)

Table 2 (continued)
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Table 2 (continued)

Variables Success Failure χ2/z P value

Intraoperative factors

Doctor classification 6.699 0.010*

Endodontic specialist 98 (77.8%) 28 (22.2%)

General dentist 64 (62.1%) 39 (37.9%)

Unqualified treatment 13.762 <0.001***

No 106 (80.3%) 26 (19.7%)

Yes 56 (57.7%) 41 (42.3%)

Root canal preparation technique 0.001 0.976 

Hand file 22 (71%) 9 (29%)

Rotatory file 140 (70.7%) 58 (29.3%)

Root canal obturation technique 2.468 0.116 

Cold lateral condensation technique 117 (68%) 55 (32%)

Warm vertical condensation technique 45 (78.9%) 12 (21.1%)

Rubber dam 3.731 0.053 

No 94 (66.2%) 48 (33.8%)

Yes 68 (78.2%) 19 (21.8%)

Sodium hypochlorite irrigation 1.690 0.194 

No 120 (68.6%) 55 (31.4%)

Yes 42 (77.8%) 12 (22.2%)

Irrigation activated by ultrasonic 3.940 0.047*

No 127 (67.9%) 60 (32.1%)

Yes 35 (83.3%) 7 (16.7%)

Intracanal medication with calcium hydroxide 1.410 0.235 

No 52 (65.8%) 27 (34.2%)

Yes 110 (73.3%) 40 (26.7%)

Effective inter-appointment coronal sealing 0.978 0.323 

No 36 (65.5%) 19 (34.4%)

Yes 126 (72.4%) 48 (27.6%)

Postoperative factors

Crown repair 0.000 1.000 

No 133 (70.7%) 55 (29.3%)

Yes 29 (70.7%) 12 (29.3%)

Possible crown leakage 2.729 0.099 

No 99 (75%) 33 (25%)

Yes 63 (64.9%) 34 (35.1%)

*P<0.05, **P<0.01, ***P<0.001; 
†
continuous variable; 

‡
median; 

§
interquartile range; the corresponding data of categorical variables are 

frequency and composition ratio. NA, not available; PAI, periapical index.
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(OR =5.291; CI: 1.339, 20.833). Because there are only two 
cases with periodontal pocket, the variable was not included 
in the regression model analysis, and the regression analysis 
of cases without periodontal pocket also revealed that 
unqualified treatment is a significant prognostic factor (OR 
=6.41; CI: 1.51, 27.0). Thus, unqualified treatment is a risk 
factor in the treatment of AP by re-RCT.

Description of EMS cases

The description of EMS cases (Tables 8 and 9) revealed that 
of the 34 examined cases, 32 cases (94.1%) had successful 
healing, and two cases (5.9%) had unsuccessful healing. The 
univariate analysis results revealed that none of the variables 
examined were associated with significant successful healing 
rate differences (P<0.05), which are not shown in the 
Tables. A detailed description of the two failed EMS cases is 
given in Table 9.

Discussion

This retrospective study included a relatively strict study 
design. To ensure the reliability of the variables and 
outcome data, pre-operative diagnosis and follow-up time 
were stipulated, and a consistency test was applied to assess 
intra-examiner and inter-examiner reproducibility at several 
intervals during the study. The limitation of this study was 

that it was a single-center study, and the results need to be 
verified by further investigation.

Studies have shown that the greatest decrease in lesion 
size occurred immediately after treatment (19). At least 
89% of all healing roots showed signs of healing 1 year after 
RCT (20) and this figure was 95% for AS (21). Therefore, 
we choose 1 year as the shortest follow-up period, which 
was also suggested by Wu (22).

There is no unified evaluation standard for RCT 
and EMS. Both RCT and EMS have strict and loose 
radiographic standards. For RCT, either strict (complete 
resolution of existing periapical radiolucency at recall) or 
loose (reduction in size of existing periapical radiolucency 
at recall) radiographic criteria were used (23,24). For AS,  
Rud (25) and Molven proposed four radiographic 
classifications: complete healing, incomplete healing, 
uncertain healing and unsatisfactory healing. With regard 
to the strict criteria, success was defined as complete or 
incomplete healing, whereas uncertain or unsatisfactory 
healing was defined as failure (26,27). However, 65% of 
cases with uncertain healing at 1-year-recall were considered 
successful (complete or incomplete healing) at later  
recall (28). In addition, the discrepancies between the 
repeated readings were almost always between incomplete 
healing and uncertain healing (25). Therefore, a loose 
standard defined incomplete and uncertain healing as 
improved or partial healing, which is also widely accepted 

Table 3 Logistic regression model identifying significant different characteristics of different treatment outcomes of total root canal treatment 
cases

Prognostic variable OR for disease
95% confidence interval

P value
Lower Upper

Age 1.025 1.005 1.045 0.013*

Mandibular tooth 1.136 0.576 2.240 0.713

Incomplete tooth fracture 7.082 1.516 33.089 0.013*

Crown root ratio 1.198 1.019 1.408 0.029*

Periodontal pocket 1.896 0.588 6.115 0.284

General dentist 2.16 1.03 4.545 0.042*

Unqualified treatment 2.841 1.456 5.525 0.002**

Rubber dam 0.689 0.311 1.526 0.359

Irrigation activated by ultrasonic 1.306 0.413 4.129 0.649

Possible crown leakage 1.694 0.873 3.286 0.119

*P<0.05, **P<0.01. OR, odds ratio.



5035Annals of Palliative Medicine, Vol 10, No 5 May 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(5):5027-5045 | http://dx.doi.org/10.21037/apm-20-2507

Table 4 Univariate description and analysis with percent frequencies of different treatment outcomes of initial root canal treatment cases

Variables Success Failure χ2/z P value

Preoperative factors

Gender 1.21 0.271

Female 37 (62.7%) 22 (37.3%)

Male 76 (71%) 31 (29%)

Age† 35.44‡ (27.06§) 44.35‡ (32.58§) −1.872 0.061

History of dental trauma 2.55 0.11

No 105 (66.5%) 53 (33.5%)

Yes 8 (100%) 0 (0%)

Mandibular tooth 4.136 0.042*

No 66 (75%) 22 (25%)

Yes 47 (60.3%) 31 (39.7%)

Multiple-root tooth 1.475 0.224

No 54 (73%) 20 (27%)

Yes 59 (64.1%) 33 (35.9%)

Root curvature† 1.3‡ (22.04§) 16.63‡ (29.21§) −1.56 0.119

Area of periapical lesions† 14.9‡ (20.91§) 11.31‡ (21.44§) −1.689 0.091

Incomplete tooth fracture 2.606 0.106

No 109 (69.9%) 47 (30.1%)

Yes 4 (40%) 6 (60%)

Crown root ratio† 0.74‡ (0.4§) 1.02‡ (0.92§) −3.144 0.002**

Sinus tract 4.926 0.026*

No 75 (63%) 44 (37%)

Yes 38 (80.9%) 9 (19.1%)

Periodontal pocket 0.987 0.32

No 105 (69.5%) 46 (30.5%)

Yes 8 (53.3%) 7 (46.7%)

Apical foramen diameter NA 0.178

<1 mm 108 (67.1%) 53 (32.9%)

≥1 mm 5 (100%) 0 (0%)

PAI 1.031 0.842

2 2 (100%) 0 (0%)

3 15 (68.2%) 7 (31.8%)

4 13 (61.9%) 8 (38.1%)

5 83 (68.6%) 38 (31.4%)

Table 4 (continued)
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Table 4 (continued)

Variables Success Failure χ2/z P value

Intraoperative factors

Doctor classification 3.755 0.053

Endodontic specialist 63 (75%) 21 (25%)

General dentist 50 (61%) 32 (39%)

Unqualified treatment 5.604 0.018*

No 67 (76.1%) 21 (23.9%)

Yes 46 (59%) 32 (41%)

Root canal preparation technique 0.078 0.78

Hand file 19 (70.4%) 8 (29.6%)

Rotatory file 94 (67.6%) 45 (32.4%)

Root canal obturation technique 5.408 0.02*

Cold lateral condensation technique 82 (63.6%) 47 (36.4%)

Warm vertical condensation technique 31 (83.8%) 6 (16.2%)

Rubber dam 2.952 0.086

No 70 (63.6%) 40 (36.4%)

Yes 43 (76.8%) 13 (23.2%)

Sodium hypochlorite irrigation 0.586 0.444

No 88 (66.7%) 44 (33.3%)

Yes 25 (73.5%) 9 (26.5%)

Irrigation activated by ultrasonic 1.835 0.176

No 96 (66.2%) 49 (33.8%)

Yes 17 (81%) 4 (19%)

Intracanal medication with calcium hydroxide 0.43 0.512

No 43 (65.2%) 23 (34.8%)

Yes 70 (70) 30 (30)

Effective inter-appointment coronal sealing 0.135 0.713

No 31 (66%) 16 (34%)

Yes 82 (68.9%) 37 (31.1%)

Postoperative factors

Crown repair 0.102 0.749

No 96 (68.6%) 44 (31.4%)

Yes 17 (65.4%) 9 (34.6%)

Possible crown leakage 2.445 0.118

No 72 (72.7%) 27 (27.3%)

Yes 41 (61.2%) 26 (38.8%)

*P<0.05, **P<0.01; 
†
continuous variable; 

‡
median; 

§
interquartile range; the corresponding data of categorical variables are frequency and 

composition ratio. NA, not available; PAI, periapical index.
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Table 5 Logistic regression model identifying significant different characteristics of different treatment outcomes of initial root canal treatment 
cases

Prognostic variable OR for disease
95% confidence interval

P value
Lower Upper

Age 1.005 0.984 1.026 0.671

Mandibular tooth 1.607 0.76 3.399 0.214

Area of periapical lesions 0.978 0.954 1.002 0.075

Crown root ratio 1.333 1.095 1.623 0.004**

Sinus tract 0.491 0.2 1.202 0.119

General dentist 1.736 0.775 3.891 0.18

Unqualified treatment 1.965 0.093 4.167 0.077

Warm vertical condensation technique 0.652 0.174 2.437 0.524

Rubber dam 0.756 0.281 2.036 0.58

**P<0.01. OR, odds ratio.

and used by researchers (7,29). Due to the anatomical 
complexity of the root canal system, debridement is 
relatively limited in AP treatment, and teeth with previous 
RCT without signs of periapical radiolucency also harbor 
microorganisms (30). As healing of AP depends on the 
reaction of the host immune system to the remaining 
microorganisms in the root canal system or around 
the root apex (31), smaller lesions mean that the host 
immune system has an advantage over the remaining 
microorganisms without any adverse effects on systemic 
health (32). Therefore, in order to evaluate the outcome of 
RCT and EMS using a unified method in this study, loose 
criteria (a decrease in the size of the periapical radiolucency) 
was selected as the successful radiographic criterion. 
Although there is an increased risk of VRF after RCT (33), 
the presence of VRF may occur in non-endodontically 
treated teeth (34,35). A retrospective study confirmed that 
VRF in non-endodontically treated teeth is not uncommon 
and constitutes 40% in Chinese patients (36). Therefore, 
VRF cases were not classified as failure in the present study. 
Similarly, VRF cases were not classified as failure in the 
study by Huang and in the study by Zandi (8,37).

Due to the advantages of low price, low radiation 
dose and easy accessibility, PA had been widely used by 
researchers to evaluate the outcome of RCT. However, 
radiographic images are two-dimensional, preventing 
the detection of buccolingual lesion expansions. In teeth, 
where the reduction in size of the existing radiolucency 

was diagnosed by radiographs and considered to represent 
periapical healing, enlargement of the lesion was frequently 
confirmed by cone-beam computed tomography (CBCT) 
(38,39). CBCT could detect the change in periapical lesions 
more accurately than PA (40-42). Due to the limitation 
of the lack of CBCT in this retrospective cohort study, 
CBCT will be used as the radiographic method to evaluate 
outcome in our prospective study.

The overall success of AP treatment by RCT and 
EMS was 73.8% in this study. No previous studies have 
investigated the overall outcome of AP regardless of 
treatment options. The success of RCT was 70.7%, which is 
consistent with the success rate reported in previous studies 
which varied from 53.6% to 87.8% (3-5). Discrepancies 
among the studies were probably due to differences in the 
data composition, clinical procedures, and the methodology 
in different studies. In the present study, not all RCTs were 
completed by endodontic specialists, and 103 cases were 
completed by general dentists. In addition, 97 of 229 cases 
underwent unqualified treatment, which may be one of the 
reasons for the relatively low success of RCT in this study. 
In addition, in this retrospective study, only teeth with more 
than 1-year-follow-up data were included. Those with non-
included teeth may have refused review due to the absence 
of symptoms. As a result, the exclusion of these cases may 
also have contributed to the lower success rate of RCT.

It was shown that there was no significant difference 
in outcome following initial RCT (68.1%) and re-RCT 
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Table 6 Univariate description and analysis with percent frequencies of different treatment outcomes of nonsurgical root canal retreatment cases 

Variables Success Failure χ2/z P value

Preoperative factors

Gender 0 1

Female 16 (80%) 4 (20%)

Male 33 (76.7%) 10 (23.3%)

Age† 30.22‡ (12.64§) 41.24‡ (29.61§) −2.662 0.008**

History of dental trauma NA 0.536

No 47 (78.3%) 13 (21.7%)

Yes 2 (66.7%) 1 (33.3%)

Qualified previous endodontic treatment 2.457 0.117

No 45 (81.8%) 10 (18.2%)

Yes 4 (50%) 4 (50%)

Mandibular tooth 0.005 0.946

No 24 (77.4%) 7 (22.6%)

Yes 25 (78.1%) 7 (21.9%)

Multiple-root tooth 0.076 0.783

No 19 (76%) 6 (24%)

Yes 30 (78.9%) 8 (21.1%)

Root curvature† 4.16‡ (23.56§) 0‡ (22.83§) −1.111 0.266

Area of periapical lesions† 13.61‡ (21.01§) 14.49‡ (15.58§) −0.322 0.747

Incomplete tooth fracture NA NA

No 49 (77.8%) 14 (22.2%)

Yes 0 (0%) 0 (0%)

Crown root ratio† 0.75‡ (0.24§) 1.06‡ (0.82§) −2.687 0.007**

Sinus tract 0.414 0.52

No 41 (80.4%) 10 (19.6%)

Yes 8 (66.7%) 4 (33.3%)

Periodontal pocket NA 0.047*

No 49 (80.3%) 12 (19.7%)

Yes 0 (0%) 2 (100%)

Apical foramen diameter NA 0.398

<1 mm 48 (78.7%) 13 (21.3%)

≥1 mm 1 (50%) 1 (50%)

PAI 3.304 0.325

2 4 (100%) 0 (0%)

3 4 (80%) 1 (20%)

4 5 (55.6%) 4 (44.4%)

5 36 (80%) 9 (20%)

Table 6 (continued)
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Table 6 (continued)

Variables Success Failure χ2/z P value

Intraoperative factors

Doctor classification 1.389 0.239

Endodontic specialist 35 (83.3%) 7 (16.7%)

General dentist 14 (66.7%) 7 (33.3%)

Unqualified treatment 7.979 0.005**

No 39 (88.6%) 5 (11.4%)

Yes 10 (52.6%) 9 (47.4%)

Root canal preparation technique NA 1

Hand file 3 (75%) 1 (25%)

Rotatory file 46 (78%) 13 (22%)

Root canal obturation technique 0.472 0.492

Cold lateral condensation technique 35 (81.4%) 8 (18.6%)

Warm vertical condensation technique 14 (70%) 6 (30%)

Rubber dam 0.29 0.59

No 24 (75%) 8 (25%)

Yes 25 (80.6%) 6 (19.4%)

Sodium hypochlorite irrigation 0.378 0.539

No 32 (74.4%) 11 (25.6%)

Yes 17 (85%) 3 (15%)

Irrigation activated by ultrasonic 0.563 0.453

No 31 (73.8%) 11 (26.2%)

Yes 18 (85.7%) 3 (14.3%)

Intracanal medication with calcium hydroxide 0.209 0.647

No 9 (69.2%) 4 (30.8%)

Yes 40 (80%) 10 (20%)

Effective inter-appointment coronal sealing 0.432 0.511

No 5 (62.5%) 3 (37.5%)

Yes 44 (80%) 11 (20%)

Postoperative factors

Crown repair NA 1

No 37 (77.1%) 11 (22.9%)

Yes 12 (80%) 3 (20%)

Possible crown leakage 0.655 0.418

No 27 (81.8%) 6 (18.2%)

Yes 22 (73.3%) 8 (26.7%)

*P<0.05, **P<0.01; 
†
continuous variable; 

‡
median; 

§
interquartile range; the corresponding data of categorical variables are frequency and 

composition ratio. NA, not available; PAI, periapical index.
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Table 7 Logistic regression model identifying significant different characteristics of different treatment outcomes of nonsurgical root canal 
retreatment cases  

Prognostic variable OR for disease
95% confidence interval

P value
Lower Upper

Age 1.047 0.997 1.098 0.064

Crown root ratio 1.231 0.82 1.846 0.316

Unqualified treatment 5.291 1.339 20.833 0.018*

*P<0.05. OR, odds ratio.

Table 8 Description of 32 success endodontic microsurgery cases

Variables Success

Preoperative factors

Gender

Female 13 (92.9%)

Male 19 (95%)

Age† 29.78‡ (13.49§)

History of dental trauma

No 27 (93.1%)

Yes 5 (100%)

History of previous endodontic treatment

No 6 (100%)

Yes 26 (92.9%)

Qualified previous endodontic treatment

No 10 (100%)

Yes 16 (88.9%)

Mandibular tooth

No 26 (92.9%)

Yes 6 (100%)

Multiple-root tooth

No 28 (96.6%)

Yes 4 (80%)

Root curvature† 0‡ (1.13§)

Area of periapical lesions† 25.02‡ (45.72§)

Incomplete tooth fracture

No 32 (94.1%)

Yes 0 (0%)

Crown root ratio† 0.73‡ (0.27§)

Table 8 (continued)

Table 8 (continued)

Variables Success

Sinus tract

No 17 (100%)

Yes 15 (88.2%)

Periodontal pocket

No 32 (94.1%)

Yes 0 (0%)

Apical foramen diameter

<1 mm 31 (93.9%)

≥1 mm 1 (100%)

PAI

4 5 (100%)

5 27 (93.1%)

Intraoperative factors

Doctor classification

Endodontic specialist 32 (94.1%)

General dentist 0 (0%)

Unqualified treatment

No 32 (94.1%)

Yes 0 (0%)

Postoperative factors

Crown repair

No 17 (94.4%)

Yes 15 (93.8%)

Possible crown leakage

No 21 (91.3%)

Yes 11 (100%)
†
Continuous variable; 

‡
median; 

§
interquartile range; the 

corresponding data of categorical variables are frequency and 
composition ratio. PAI, periapical index.
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(77.8%) for AP. Most studies comparing the success of 
initial RCT and re-RCT showed that the success of initial 
RCT was higher than that of re-RCT (10-12), and one 
study showed no difference between initial RCT and re-
RCT (5). However, these studies focused on pulpal and 
periapical diseases, and no previous studies have investigated 
the outcome of initial RCT and re-RCT for AP. In theory, 
re-RCT was more challenging than initial RCT for the 
following reasons. First, re-RCT was found to significantly 
damage the root and result in cracks and fractures (43). 
Second, preexisting root canal filling materials, posts and 

separated files can limit the penetration of disinfectants 
and removal of contaminated root canal material, which 
is important but challenging (44). Finally, persistent 
infection involves more diverse bacterial communities than 
those detected in primary infection (45). The findings in 
this study may be attributable to the substantially large 
proportion of cases with unqualified endodontic treatment 
history, as 55 cases had an unqualified endodontic treatment 
history out of a total of 63 re-RCT cases. These re-RCT 
cases may respond to chemo-mechanical debridement 
similar to initial RCT cases (5). A much larger sample size 
is required to verify these results.

For AP treated by RCT, age, incomplete tooth fracture, 
crown root ratio, doctor classification and unqualified 
treatment had a strong impact on determining outcome. 
The results suggested that the outcome of RCT was 
influenced by age, in contrast to the findings in the majority 
of other studies (46). However, these studies involved RCT 
of pulp and periapical diseases, rather than AP. The success 
of AP is lower than that without periapical lesions (5,10), 
and the healing of bone defects of AP requires involvement 
of the body, and is related to age and systemic conditions. 
This may explain the difference in the results between 
this study and other studies in terms of age as a prognostic 
factor.

The effect of crown root ratio was analyzed as a 
continuous variable and was found to have a significant 
influence (OR =1.198; CI: 1.019, 1.408) on the success of 
total RCT. Few previous studies have examined the effect of 
this factor on outcome. Greater crown root ratio is usually 
associated with the presence of periodontal bone destruction 
and periodontal infection. As the periodontal pocket and 
pulp are communicated by the lateral root canal, dentin 
tubule and anatomical abnormalities, affected teeth with 
periodontal pockets are more likely to have microleakage of 
periodontal infection into the root canal system, leading to 
the failure of AP treatment (47). In some teeth with severe 
alveolar bone resorption, another possible route is the 
direct spread of marginal inflammation to the apical area, 
which causes treatment failure of AP. In addition, when 
the crown root ratio is greater, the periapical tissues will be 
subjected to greater stress due to the lever principle during 
mastication, which may affect the healing of periapical 
lesions (48). Therefore, active treatment of periodontitis 
and improvement of crown root ratio may be helpful in the 
prognosis of AP.

Incomplete tooth fracture may contribute to the lower 

Table 9 Description of two failure endodontic microsurgery cases

Variables Case 1 Case 2

Preoperative factors

Gender Female Male

Age 33 27

History of dental trauma No No

History of previous endodontic 
treatment

Yes Yes

Qualified previous endodontic 
treatment

Yes Yes

Mandibular tooth No No

Multiple-root tooth Yes No

Root curvature 0° 0°

Area of periapical lesions 5.167 mm2 6.215 mm2

Incomplete tooth fracture No No

Crown root ratio 0.973 0.589

Sinus tract Yes Yes

Periodontal pocket No No

Apical foramen diameter <1 mm <1 mm

PAI 5 5

Intraoperative factors

Doctor classification Endodontic 
specialist

Endodontic 
specialist

Unqualified treatment No No

Postoperative factors

Crown repair Yes No

Possible crown leakage No No

PAI, periapical index.
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success rate of RCT compared to those without cracks (OR 
=7.082; CI: 1.516, 33.089). Few studies have investigated 
the effect of cracks on outcome of AP treatment. In 
incomplete fractured teeth, bacteria remain in the crack 
and cannot be eliminated without removing the dental 
hard tissue surrounding the crack. In deep cracks this is 
not possible and the cracks become channels for leakage of 
bacteria that can lead to treatment failure of AP (49).

The quality of RCT according to post-treatment PA 
on outcome has been studied. The failure of unqualified-
treated teeth was 2.841 times that of well-treated teeth, a 
finding also reported by a number of other studies (50,51). 
With qualified treatment this means better infection control 
during treatment, which could directly affect the prognosis 
of AP. This suggested the importance of “accurate filling” 
on post-treatment radiography.

The failure in teeth treated by a general dentist was 2.16 
times that following treatment by an endodontic specialist. 
These findings are in agreement with those in previous 
studies, and showed that outcomes are influenced by the 
operator’s experience (52,53). This is particularly true 
for teeth with a more complex anatomy, such as molars, 
and healing appear to be higher if treated by endodontic 
specialists (52).

The prognostic factor in initial RCT for AP was crown 
root ratio, while the prognostic factor in re-RCT for AP was 
unqualified treatment. This means that qualified treatment 
in re-RCT has a greater impact on outcome than that in 
initial RCT. Considering the greater difficulties in re-RCT 
cases mentioned above, a decrease in the lesion size may be 
more difficult to achieve if unqualified treatment of re-RCT 
is performed. In addition, unqualified treatment during re-
RCT was often related to defects from a previous RCT that 
failed to be corrected, such as root canal obstruction, ledge 
or instrument separation, which are associated with the 
persistence of AP. As a result, unqualified treatment in re-
RCT appears to be more strongly associated with treatment 
failure.

In this study, the success of EMS was 94.1%, which is 
similar to that observed in a recent systematic review that 
reported a success rate of 92% based on eleven studies of 
EMS (54). The univariate analysis showed that none of the 
variables were significantly related to treatment outcome. 
The small sample size may be the reason for these negative 
results. Thus, only the descriptive results of the EMS group 
are provided. Prospective studies will be carried out to 
increase the sample size in order to clarify the prognostic 
factors of initial EMS versus EMS with failed RCT.

In conclusion, for AP treated by RCT, age, incomplete 
tooth fracture, crown root ratio, doctor classification and 
unqualified treatment had a strong impact on determining 
outcome. For initial RCT, crown root ratio was a significant 
outcome predictor, while for re-RCT, unqualified treatment 
was a strong statistically significant factor. No significant 
difference was found between the success of initial RCT 
and re-RCT for AP.
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