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Abstract 

To evaluate clinical-radiological outcomes after endodontic treatment in patients with acute apical periodontitis 

and to investigate associations between demographic, systemic, and dental characteristics and PAI evolution over 

time. Methods - This retrospective observational cohort study included 110 patients diagnosed with acute apical 

periodontitis, comprising a total of 128 affected teeth. The study was approved by the Ethics Committee of the 

Faculty of Medicine and Pharmacy Oradea (CEFMF/4/30.10.2023) and conducted in accordance with the 

Declaration of Helsinki. Outcomes were assessed using PAI at baseline, 12 months, and 24 months post-treatment. 

Teeth were classified at the final follow-up as healed, healing, or failed based on clinical signs/symptoms and 

radiographic PAI changes. Statistical analysis was performed using IBM SPSS 25, applying non-parametric tests 

and Spearman’s correlation (α = 0.05, with Bonferroni correction as appropriate). Results - At 12 months, 

outcomes were predominantly favorable, and by 24 months the proportion of healed teeth increased to 85.9%. 

Lower initial PAI scores were significantly associated with healing at both follow-up time points (p < 0.001), 

whereas higher or worsening PAI scores characterized unfavorable outcomes (p < 0.001). Age was significantly 

associated with a more unfavorable PAI change over time  (Age vs PAI: p = 0.028, R = −0.194). In addition, 

smoking was associated with a higher number of teeth affected by apical periodontitis (p = 0.018). Systemic 

comorbidities and urban residence were linked to older patient age and greater periapical disease burden (p = 0.001 

and p = 0.044, respectively). Conclusions - Endodontic treatment of AAP resulted in high healing rates, particularly 

by 24 months. Baseline disease severity (initial PAI) and patient age were key predictors of PAI evolution, while 

smoking and systemic comorbidities were associated with a greater burden of affected teeth. 

 

Keywords : retrospective observational study, patient and dental characteristics, PAI (PAI evolution), 
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Introduction 

Apical periodontitis is a multifaceted 

inflammatory condition of the periradicular 

tissues, fundamentally precipitated by the 

microbial colonization of the root canal 

system and the subsequent diffusion of 

bacterial antigens, endotoxins, and other 

pathogenic byproducts into the periapical 

region[1]. 

 

The host immune response, orchestrated 

through a complex interplay of pro-

inflammatory cytokines, immune cell 

recruitment, and osteoclastic activity, serves 

as the primary defense mechanism against 

microbial dissemination; however, this 

response paradoxically contributes to 

progressive periapical tissue destruction, 

alveolar bone resorption, and the potential 

development of periapical lesions such as 

granulomas and radicular cysts [2,3]. 

 

This condition represents one of the most 

prevalent dental pathologies worldwide, with 

epidemiological studies reporting prevalence 

rates ranging from 16% to 78.6% of 

individuals [4,5,6]. Apical periodontitis 

significantly impacts patients' quality of life 

through pain, discomfort, and functional 

limitations [7], while also placing a 

significant economic strain on healthcare 

systems because of the need for intricate 

endodontic procedures [8]. 

 

Acute apical periodontitis is clinically 

distinguished by its symptomatic 

presentation, including spontaneous pain and 
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marked sensitivity to percussion and 

palpation, whether or not accompanied by 

radiological changes [9,10,11]. In contrast to 

chronic apical periodontitis, which often 

presents  asymptomatically for prolonged 

periods, acute apical periodontitis  manifests 

as an active inflammatory process that drives 

patients to seek urgent dental treatment [12]. 

The condition results from bacterial invasion 

of the root canal system following pulp 

necrosis, with diverse polymicrobial 

communities contributing to periapical 

inflammation [13,14]. Diagnosis relies on the 

combination of clinical findings (pain 

characteristics, percussion sensitivity, 

negative pulp testing) and radiographic 

evidence of periapical radiolucency 

[15,16,17]. The Periapical Index (PAI) 

scoring system, introduced by Ørstavik et al., 

is recognized as the gold standard for 

radiographic evaluation of periapical 

conditions, providing a standardized 

framework for assessment and monitoring of 

treatment outcomes. Accurate diagnosis and 

appropriate management of acute apical  

periodontitis are essential objectives for 

achieving symptom  resolution, bacterial 

elimination, and tooth preservation, as 

supported by systematic reviews and clinical 

guidelines [18,19,20]. 

The primary objectives of endodontic 

treatment encompass the elimination of 

intracanal infection, prevention of 

reinfection, and facilitation of periapical 

tissue healing [21]. Treatment success is 

conventionally defined as the absence of 

clinical symptoms in conjunction with 

radiographic evidence of periapical healing or 

stable periapical status [22]. The European 

Society of Endodontology recommends a 

minimum follow-up period of 12 months, 

with 24-month or extended evaluations 

preferable for determining definitive 

outcomes [23]. Nevertheless, there is 

considerable variation in reported treatment 

outcomes, suggesting that factors other than 

technical skill play a significant role in 

determining treatment prognosis [24]. A 

comprehensive understanding of these 

prognostic determinants is fundamental for 

evidence-based treatment planning, informed 

patient counseling, and enhancement of 

overall endodontic treatment outcomes. 

 

Numerous factors have been identified as 

potential predictors of endodontic treatment 

outcomes. The status of previous endodontic 

treatment has consistently been recognized as 

a significant prognostic factor for endodontic 

outcomes. Primary root canal treatments, 

performed on teeth with no prior endodontic 

intervention, have been shown to yield 

considerably higher success rates when 

compared to retreatment cases [25].  Evidence 

suggests that patient-related determinants, 

including smoking habits and systemic 

comorbidities such as diabetes mellitus, may 

negatively impact the healing process 

associated with apical periodontitis [26,27]. 

Socioeconomic determinants, including 

educational level and geographic location 

(urban versus rural), potentially impact oral 

health awareness and treatment-seeking 

behavior [28,29].  Self-medication practices, 

particularly the unsupervised use of 

antibiotics and analgesics before professional 

treatment, represent an emerging concern that 

may affect diagnostic accuracy and treatment 

outcomes [30,31]. 

 

Despite extensive literature on individual 

prognostic factors, comprehensive 

multifactorial studies examining the 

simultaneous influence of patient 

demographics, socioeconomic status, oral 

health burden, tooth-specific characteristics, 

and treatment variables on apical 

periodontitis remain limited [32,33,34]. 

This study aimed to identify clinical, 

demographic, and socioeconomic prognostic 

factors associated with endodontic treatment 

outcomes in acute apical periodontitis over a 

24-month follow-up, assessed 

radiographically using the Periapical Index 

(PAI) at 12 and 24 months. We evaluated the 

influence of patient characteristics, tooth-

specific variables (tooth location and previous 

treatment status), and treatment-related 

factors) on healing success. We hypothesized 

that multiple patient- and tooth-related factors 

may be associated with PAI evolution, and 

that understanding these relationships could 
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provide improved insight for clinical 

decision-making and patient management. 

Identifying prognostic factors in acute apical 

periodontitis has direct clinical implications 

for treatment planning, risk stratification, and 

evidence-based patient counseling. 

Recognizing potentially modifiable risk 

factors, such as smoking and behaviors 

related to self-medication, may support 

targeted patient education and follow-up 

strategies. In addition, identifying high-risk 

patient profiles may help clinicians prioritize 

recall intensity and consider alternative 

treatment approaches in cases with 

unfavorable radiographic evolution. 

 

 

Methodology 

 

1.1 Study Population 

 

Study Design and Ethics Approval 

 

This retrospective observational cohort study 

analyzed clinical and radiological 

characteristics of acute apical periodontitis 

and treatment outcomes. The study protocol 

was approved by the Ethics Committee of the 

Faculty of Medicine and Pharmacy Oradea 

(CEFMF/4/30.10.2023), and the study was 

conducted in accordance with the Declaration 

of Helsinki. 

 

Patient Selection 

 

Between January 3, 2020, and September 30, 

2021, clinical records of 200 consecutive 

patients who underwent endodontic treatment 

for apical periodontitis at the host clinic were 

reviewed. All patients had provided written 

informed consent for treatment and 

prospective clinical data collection at the time 

of their initial presentation. Each patient had 

completed a comprehensive medical history 

questionnaire and undergone a thorough 

clinical and radiographic examination. 

A diagnosis of acute apical periodontitis was 

established when all of the following criteria 

were met: 

1. Spontaneous pain reported by patient 

2. Marked tenderness to percussion and/or 

palpation 

3. Negative response to pulp sensibility 

testing 

4. Radiographic evidence of periapical 

radiolucency (PAI ≥ 3) 

5. Absence of periodontal pocket >4mm to 

exclude periodontal origin 

 After applying the exclusion criteria, 110 

patients met the eligibility criteria and were 

included in the study, resulting in a total of 

128 teeth assessed. The remaining 89 patients 

with chronic apical periodontitis were 

excluded from this analysis. 

Patients diagnosed with acute apical 

periodontitis, including those with acute 

apical abscess formation, were included. 

While all received endodontic treatment, 

some cases with abscess may have received 

adjunctive therapy (antibiotics and/or incision 

and drainage) at the treating clinician's 

discretion. These adjunctive treatments were 

not systematically documented, representing 

a limitation of this retrospective study. 

 

Data Collection and Follow-up 

Clinical and radiographic data had been 

collected prospectively during routine patient 

care. Treatment outcomes were assessed 

using the Periapical Index (PAI) scoring 

system at baseline (pre-treatment), 12 

months, and 24 months post-treatment. 

 

 

1.2 Radiographic examination and 

evolution  

 

The periapical status of all teeth (except for 

third molars) was examined using the 

periapical index scoring system (PAI), 

proposed by Ørstavik et al. which scores the 

apical area of the radiographic images as 

follows: 1. normal periapical structures; 2. 

small changes in the bone structure; 3. 

changes in bone structure with some mineral 

loss; 4. periodontitis with a well-defined 

radiolucent area; 5. severe periodontitis with 

exacerbating features. A score of PAI 1 and 2 

was defined as a normal periapical region and 

PAI scores (3, 4, and 5) were evaluated as 

apical periodontitis. One observer with 6 
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years of clinical experience in endodontics 

examined the radiographs. In multi-rooted 

teeth, the biggest root with the biggest PAI 

score was chosen. All participants underwent 

radiographic examinations at baseline, at 12 

and at 24 months following endodontic 

treatment.Teeth were categorized as healed, 

healing, or diseased based on clinical signs, 

symptoms, and PAI scores : 

1. Healed: Clinically normal with 

radiographic PAI scores of 1 or 2. 

2. Healing: Clinically normal except for 

tenderness to percussion, with a reduction in 

the size of the periradicular lesion or a 

decrease in PAI score. 

3. Failed: Presence of clinical signs and 

symptoms, with a radiographic PAI score of 3 

or higher, or an increase in the size of the 

periradicular lesion or PAI score.  

Healing outcomes were established in 

advance using periapical tissue status and 

were determined independently of any events 

occurring during the procedure. A tooth was 

classified as “healed” when, at follow-up, the 

PAI score was 2 or less and there were no 

clinical signs or symptoms present. 

 

1.3 Inclusion and exclusion criteria 

 

Inclusion criteria: 

Patients were included if they met all of the 

following criteria:  permanent teeth 

(excluding third molars) diagnosed with acute 

apical periodontitis, teeth suitable for 

endodontic treatment and functional 

restoration, willingness to attend follow-up 

appointments at 12 and 24 months, and 

provision of written informed consent 

 

Exclusion criteria: 

Patients were excluded if any of the following 

criteria were present: 

 

Tooth-related: primary (deciduous) teeth, 

third molars, teeth with combined 

endodontic-periodontal lesions, non-

restorable teeth: vertical root fracture, 

extensive coronal/root destruction, 

insufficient tooth structure for adequate 

restoration 

 

Patient-related: pregnancy, inability or 

unwillingness to attend follow-up 

evaluations, incomplete treatment or follow-

up records. 

 

 

1.4 Data collection and statistical 

analysis. 

Data collection was performed by a single 

investigator using a standardized data 

extraction form. All variables were extracted 

from patient medical records and 

radiographic archives. Cases with incomplete 

data or missing follow-up radiographs were 

excluded from analysis. 

Statistical Analysis  

Statistical analysis was performed using IBM 

SPSS Statistics 25 and Microsoft Office 

Excel/Word 2024. Quantitative variables 

were tested for distribution using the Shapiro–

Wilk test and were reported as means with 

standard deviations or medians with 

interpercentile ranges. Independent 

quantitative variables with a non-parametric 

distribution were tested using the Mann–

Whitney U / Kruskal–Wallis H tests (along 

with post-hoc Dunn–Bonferroni tests), and 

any correlations between them were 

calculated using Spearman’s rho correlation 

coefficient. Paired quantitative variables with 

a non-parametric distribution were tested 

using the Wilcoxon test. 

Qualitative variables were expressed as 

absolute numbers or percentages. Differences 

between independent qualitative variables 

were tested using Fisher’s Exact Test. Z-tests 

with Bonferroni correction were used to 

further detail the results obtained in 

contingency tables. The threshold for 

statistical significance chosen for this study 

was α = 0.05. 

  Patient Demographics and Characteristics 

Demographic data collected included gender 

(male/female), residential environment 
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classified as urban or rural, smoking status 

(current smoker or non-smoker), and 

educational level categorized as primary 

education (≤8 years of schooling), secondary 

education (9-12 years, high school 

completion), or higher education (university 

degree or higher). 

Medical and Oral Health Status 

The presence or absence of systemic medical 

conditions was documented based on patient-

completed medical history questionnaires, 

including cardiovascular disease, diabetes 

mellitus, respiratory disorders, autoimmune 

conditions, and other chronic diseases. Oral 

health parameters included the total number 

of teeth present (excluding third molars, range 

0-28) and the total number of teeth affected 

by apical periodontitis (acute or chronic, 

identified by clinical symptoms and/or 

radiographic evidence with PAI ≥ 3). 

Tooth-Specific Variables 

For each tooth diagnosed with acute apical 

periodontitis, the following variables were 

recorded: affected jaw (maxilla or 

mandibula), specific tooth location using FDI 

two-digit notation, tooth type (anterior: 

incisors and canines; posterior: premolars and 

molars), and previous endodontic treatment: 

primary endodontic treatment (teeth with no 

previous root canal therapy, representing 

primary infection), or (2) endodontic 

retreatment (teeth with existing root canal 

treatment, representing secondary or 

persistent infection). 

Treatment Variables 

Self-medication was defined as patient-

initiated use of analgesics, anti-inflammatory 

drugs, or antibiotics prior to seeking 

professional dental care (yes/no). The number 

of clinical treatment sessions required to 

complete endodontic therapy was 

documented, ranging from single-visit 

treatment (1 session) to multiple-visit 

treatment (2 or more sessions). 

Protocol 

Following dental anesthesia administered via 

plexus or nerve block to avoid direct injection 

into inflamed tissues, each tooth was isolated 

with a rubber dam. Where teeth presented 

with dental posts, extensive carious lesions, or 

marginally defective composite restorations, 

these were removed and the coronal structure 

was fully reconstructed as needed to ensure 

optimal coronal sealing, after which all teeth 

underwent occlusal reduction. In the primary 

treatment group, canal negotiation was 

initiated with #08, #10, or #15 K-files 

(Maillefer, Switzerland) to eliminate coronal 

interferences, working length was established 

using an electronic apex locator (Root ZX, 

Morita, Japan), and canals were subsequently 

shaped with HyFlex CM/EDM rotary 

instruments driven by a VDW Gold electric 

motor (VDW, Munich, Germany) at 300 rpm 

and 2.5 N·cm torque using the crown-down 

technique. In the retreatment group, existing 

dental posts, separated instruments, and 

excess gutta-percha were first removed using 

Woodpecker ultrasonic endodontic tips 

(Woodpecker Ultrasonic Scaler U6 LED), 

after which instrumentation commenced with 

a 25/.12 HyFlex EDM file followed by VDW 

RECIPROC® R25 insertion to the estimated 

working length, with the integrated apex 

locator of the VDW.GOLD® RECIPROC® 

system remaining continuously active 

throughout, and apical fit re-evaluated upon 

completion. A uniform irrigation protocol 

was applied to both groups, consisting of 

continuous 5.25% NaOCl irrigation during 

instrumentation, followed by a final rinse 

sequence of 5 mL of 17% EDTA and 5 mL of 

5.25% NaOCl, after which canals were dried 

with absorbent paper points. Root canal 

obturation was performed using the warm 

vertical compaction technique with gutta-

percha and AH Plus sealer (Dentsply, 

Germany) delivered via master cones. 

Coronal restoration was completed using a 

total-etch adhesive technique (Single Bond 2, 

3M ESPE, USA), with flowable resin 

composite (GC Gradia Direct Flo, GC 

Corporation, Tokyo, Japan) used to seal canal 

orifices and direct resin composite (Gradia 

Direct, GC Corporation, Tokyo, Japan) used 
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for the definitive coronal restoration; in cases 

requiring fiber post placement, HiRem Quartz 

Fibre Posts (Over Fibers, Italy) were 

cemented with Connexio® Dual-Cure 

(Centrix, Germany) and built up with 

Maxcem Elite™ (Kerr). In cases where 

adequate canal drying could not be achieved, 

calcium hydroxide (Cerkamed) was placed as 

an interim medicament, the access cavity was 

sealed with PTFE tape and glass ionomer 

cement (Kavitan Cem, Pentron), and 

definitive obturation was completed at a one-

week recall appointment. The differentiation 

in instrumentation between groups was 

deliberate and protocol-predefined, with 

HyFlex CM/EDM selected for primary 

treatment to achieve conservative, controlled 

shaping in intact canals in accordance with 

contemporary guidelines, and RECIPROC 

Blue chosen for retreatment cases due to its 

efficiency in removing obturation materials 

and managing canal obstructions, reflecting 

established retreatment workflow 

recommendations. All post-endodontic 

restorations were completed in the same 

clinical session by the same clinician under 

standardized conditions. 

 

Rezultate 

 

Among the 200 patients assessed, 110 

patients who presented with a total of 128 

teeth were diagnosed with acute apical 

periodontitis. The baseline demographic, 

behavioral, and clinical characteristics of the 

study population are summarized in Table I. 
 

Table I. Characteristics of the studied patients 

 

Parameter Values 

Gender (No., %) 68 (61.8%) Female, 42 (38.2%) Male 

Age (Mean ± SD, Median (IQR)) 35.14 ± 14.43, 31.5 (23-46.25) 

Environment of origin (No., %) 43 (39.1%) Rural, 67 (60.9%) Urban 

Smokers (No., %) 19 (17.3%) Present 

Level of education (Nr., %) 1 (0.9%) Primary school, 3 

(2.7%)Gymnasium, 55 (50%) High School/ 

Vocational School, 51 (46.4%) University 

education 

Automedication (No., %) 62 (56.2%) Absent, 10 (9.1%) Antibiotic, 

17 (15.5%) Anti-inflammatory drug, 21 

(19.1%) Antibiotic+Anti-inflammatory drug 

Total number of teeth present (Mean ± 

SD, Median (IQR)) 

25.17 ± 3.8, 27 (24-28) 

Total number of teeth with apical 

periodontitis (Mean ± SD, Median (IQR)) 

1.82 ± 1.1, 1 (1-2) 

General condition (Nr., %) 16 (14.5%) Present 

Cardiovascular disease 7 (6.4%) Present 

Respiratory conditions 0 (0%) Present 

Gastrointestinal conditions 4 (3.6%) Present 

Liver disorders 1 (0.9%) Present 

Neuropsychiatric disorders 2 (1.8%) Present 

Blood disorders  0 (0%) Present 

Imunne disorders  2 (1.8%) Present 

Allergic disease 5 (4.5%) Present 

Endocrine disorders  1 (0.9%) Present 

No. of diseases (No. = 111 ) 

(Mean ± SD, Median (IQR)) 

94 (85.5%) Absent, 11 (10%) One disease,  

5 (4.5%) Two diseases  
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Table II presents the dental characteristics of the studied patients. Overall, affected teeth were 

distributed almost equally between the maxilla (50.8%, n=65) and the mandible (49.2%, n=63). 

Regarding tooth types, incisors accounted for 25.8% (n=33), canines for 2.3% (n=3), premolars for 

35.2% (n=45), and molars for 36.7% (n=47). The most frequently affected subgroup was mandibular 

1st molars (21.1%, n=27), while the most frequently affected individual teeth were 36 (10.2%) and 

46 (10.9%). Prior treatment was absent in 60.2% (n=77) of cases and present in 39.8% (n=51) (root 

canal treatment). The mean duration of prior treatment was 1.84 ± 2.44 years, with a median of 0.5 

years (IQR 0–4), and most teeth were treated in one session (59.4%, n=76). The mean initial PAI 

score was 3.4 ± 0.9 (median 3, IQR 3–4), while the mean final PAI score was 1.33 ± 0.97 (median 

1, IQR 1–1). At the 12-month recall, 53.1% of the teeth were healed, whereas at the last recall (24 

months) healing increased markedly to 85.9%. 

Tabel II. Dental characteristics of the studied patients  

Parameter Value 

Affected maxillary side (No., %) 65 (50.8%) Maxilla, 63 (49.2%) Mandible 

Dental group (No., %) 33 (25.8%) Incisors, 3 (2.3%) Canines, 

45 (35.2%) Premolars, 47 (36.7%) Molars 

Distribution of affected tooth groups 

(No., %) 

13 (10.2%) Maxillary central incisors 

17 (13.3%) Maxillary lateral incisors 

2 (1.6%) Maxillary canines 

14 (10.9%) Maxillary 1st premolars 

12 (9.4%) Maxillary 2nd premolars 

8 (6.3%) Maxillary 1st molars 

4 (3.1%) Maxillary 2nd molars 

1 (0.8%) Mandibular central incisors 

1 (0.8%) Mandibular lateral incisors 

7 (5.5%) Mandibular 1st premolars 

13 (10.2%) Mandibular 2nd premolars 

27 (21.1%) Mandibular 1st molars 

9 (7%) Mandibular 2nd molars 

Affected tooth (No., %) 11 – 9 (7%), 12 – 11 (8.6%), 

14 – 6 (4.7%),15 – 8 (6.3%),  

16 – 4 (3.1%), 17 – 1 (0.8%),  

21 – 3 (2.3%), 22 – 7 (5.5%), 

24 – 6 (4.7%), 25 – 4 (3.1%),  

26 – 4 (3.1%), 27 – 3 (2.3%), 

32 – 1 (0.8%), 33 – 3 (0.8%),  

34 – 3 (2.3%), 35 – 8 (6.3%),  

36 – 13 (10.2%), 37 – 3 (2.3%), 

41 – 1 (0.8%), 43 – 1 (0.8%),  

44 – 4 (3.1%), 45 – 7 (5.5%),  

46 – 14 (10.9%), 47 – 6 (4.7%) 

Prior treatment(No., %) 77 (60.2%) Absent,  

51 (39.8%) Root canal treatment 

Duration of previous treatment (years) 

Mean ± SD, Median (IQR) 

1.84 ± 2.44, 0.5 (0-4) 

Number of treatment sessions (n, %) 77 (60.2%) One session, 

50 (39.1%)Two sessions,1 (0.8%) Three 

sessions 

Initial PAI score 

(Mean ± SD, Median (IQR)) 

3.4 ± 0.9, 3 (3-4) 
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Outcome at first recall – 12 months 

(N=128) (n, %)  

68 (53.1%) Healed, 14 (10.9%) 

Stationary, 5 (3.9%) Failing, 41 (32%) Healing 

Outcome at last recall – 24 months 

(N=128) (n, %)  

110 (85.9%) Healed,  

7 (5.5%) Failing, 11 (8.6%) Healing  

Final PAI score 

(Mean ± SD, Median (IQR)) 

1.33 ± 0.97, 1 (1-1) 

 

 

After comparing patients’ ages by their 

environment of origin, the differences were 

statistically significant (p = 0.025). Patients 

from urban areas had a significantly higher 

median age (median = 39, IQR = 25–49) than 

those from rural areas (median = 28, IQR = 22–

37). 

 

After stratifying patients by the presence of 

general comorbidities, a statistically significant 

difference in age was identified (p = 0.001). 

Specifically, patients with general 

comorbidities had a higher median age (52.5 

years, IQR: 40–60.75) than patients without 

general comorbidities (29 years, IQR: 23–

42.25). 

 

The results shown in Table III compare the 

number of teeth affected by apical periodontitis 

between patients with and without 

gastrointestinal conditions. The difference was 

statistically significant (p = 0.003). Specifically, 

patients with gastrointestinal conditions 

presented a higher median number of affected 

teeth (median = 3.5, IQR = 3–4) compared with 

those without such conditions (median = 1, IQR 

= 1–2). In the remaining cases, the systemic 

diseases did not significantly influence the 

presence of apical periodontitis. 

 

Gastrointestinal 

conditions 

Mean ± SD, Median (IQR) Mean rank, 

p-value* 

p* 

Absent 1.75 ± 1.06 1 (1-2) 53.88 0.003 

Present 3.5 ± 0.57 3.5 (3-4) 98.50 

 

Table III. Comparison of teeth affected by apical periodontitis by gastrointestinal status 

 

After assessing the number of teeth affected by 

apical periodontitis according to patients’ 

environment of origin, statistically significant 

differences were observed (p = 0.044). Patients 

from urban areas demonstrated a higher median 

number of teeth with apical periodontitis 

(median = 2, IQR: 1–3) than patients from rural 

areas (median = 1, IQR: 1–2). 

 

Comparison of the number of teeth presenting 

with apical periodontitis by smoking status 

revealed statistically significant differences (p = 

0.018). Smokers had a significantly higher 

median number of affected teeth (median = 2, 

IQR: 1–3) compared with non-smokers (median 

= 1, IQR: 1–2). 

 

The data presented in Table IV and Figure 1 

describe the distribution of patients by sex 

according to self-medication status. The 

differences observed were statistically 

significant (p = 0.042). Post hoc Z-tests with 

Bonferroni correction indicated that patients 

without self-medication were more frequently 

men than women (59.5% vs. 54.4%, 

respectively). 

 

 

Gender 

Automedication 

Female Male p* 

Nr. % Nr. % 

Absent 37 54.4% 25 59.5% 0.042 

Anti-inflammatory 

drugs  

10 14.7% 0 0% 

Antibiotic 10 14.7% 7 16.7% 
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Anti-inflammatory 

+antibiotic 

11 16.2% 10 23.8% 

*Fisher’s Exact Test 

Table IV. Distribution of Patients by Sex and Self-Medication 

 

Figure 1. Distribution of Patients by Sex and Self-Medication 

After analyzing the correlations between age 

and dental findings, the correlation between age 

and the total number of teeth present was 

statistically significant and negative, with 

moderate strength (p < 0.001, R = −0.572), 

suggesting that older patients tended to have 

fewer teeth and vice versa. Likewise, the 

correlation between age and the total number of 

teeth with apical periodontitis was statistically 

significant and positive, but of low strength (p 

= 0.002, R = 0.287), indicating that increasing 

age was associated with a higher number of 

teeth affected by apical periodontitis. In 

addition, the correlation between the total 

number of present teeth and the total number of 

teeth with apical periodontitis was statistically 

significant and negative, with moderate strength 

(p < 0.001, R = −0.425), showing that patients 

with a lower total number of present teeth were 

more frequently associated with a higher total 

number of teeth exhibiting apical periodontitis, 

and conversely. 

 

The data from Table V and Figure 2 represent 

the distribution of the analyzed cases according 

to the presence of prior treatment and the level 

of education. The observed differences were 

statistically significant (p = 0.028). Z-tests with 

Bonferroni correction showed that patients with 

a high school / vocational training education 

were more frequently associated with absence 

of prior treatment (57.1% vs. 37.3%), whereas 

patients with a university education were more 

frequently associated with prior root canal 

treatment (60.8% vs. 36.4%). 

 

Table V. Distribution of the analyzed cases 

according to the presence of prior treatment and 

education level 

Prior treatment/ 

Education level 

Absent Root canal treatment p* 

No. % No. % 

Primary school 

 

2 2.6% 0 0% 0.028 

Secondary school 

 

3 3.9% 1 2% 

54.40%

14.70% 14.70% 16.20%

59.50%

0%

16.70%

23.80%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

Absent Anti-inflammatory drug Antibiotics Anti-inflammatory
drug+antibiotics

Female Male
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High 

school/Vocational 

school 

 

44 57.1% 19 37.3% 

University studies 

 

28 36.4% 31 60.8% 

*Fisher’s Exact Test 

 

 

Figure 2. Distribution of the analyzed cases according to the presence of prior treatment and 

education level 

The correlation between age and the initial PAI 

score was statistically significant and negative, 

with low strength (p = 0.030, R = −0.192). This 

suggests that higher age was more frequently 

associated with a lower initial PAI score. 

The correlation between the duration of prior 

treatment and the initial PAI score was 

statistically significant and positive, with low 

strength (p = 0.024, R = 0.199). This indicates 

that a longer duration of prior treatment was 

more often associated with a higher initial PAI 

score. 

After comparing the initial PAI score according 

to the 12-month outcome, statistically 

significant differences were found (p < 0.001). 

Post hoc Dunn–Bonferroni tests revealed that 

cases characterized by healing at 12 months had 

a significantly lower initial PAI score (median 

= 3, IQR = 2.25–3) than those associated with 

stabilization (median = 4, IQR = 3–4.25; p = 

0.006) or remission (median = 4, IQR = 3–5; p 

< 0.001). Similarly, when comparing the initial 

PAI score by the 24-month outcome, the 

differences remained statistically significant (p 

< 0.001); specifically, the initial PAI score was 

significantly lower in cases showing healing at 

24 months (median = 3, IQR = 3–4) compared 

with cases with increase/worsening (median = 

4, IQR = 4–5; p = 0.012) or remission (median 

= 4, IQR = 3–5; p = 0.007). 

When comparing the final PAI score by the 12-

month outcome, the observed differences were 

statistically significant (p < 0.001). Post hoc 

Dunn–Bonferroni analyses indicated that cases 

associated with increase/worsening at 12 

months had a significantly higher final PAI 

value (median = 5, IQR = 2.5–5) than cases 

2.60% 3.90%

57.10%

36.40%

0%
2%

37.30%

60.80%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

Primary school Gymnasium High School/ Vocational
School

University education

Absent Root canal treatment
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showing healing (median = 1, IQR = 1–1; p < 

0.001), stabilization (median = 1, IQR = 1–1; p 

< 0.001), or remission (median = 1, IQR = 1–

1.5; p = 0.001). Additionally, the final PAI score 

was significantly higher in cases associated with 

remission than in those with healing (p = 0.002). 

For the 24-month outcome, differences in the 

final PAI score were also statistically significant 

(p < 0.001); specifically, cases with healing at 

24 months had a significantly lower final PAI 

value (median = 1, IQR = 1–1) compared with 

cases with increase/worsening (median = 5, 

IQR = 5–5; p < 0.001) or remission (median = 

2, IQR = 2–3; p < 0.001). 

The data from Table XXXI and Figure 29 

represent the correlation between age and the 

difference in the evolution of the PAI score. The 

analyzed correlation was statistically significant 

and negative, with low strength (p = 0.028, R = 

−0.194). This indicates that in cases with higher 

age, a smaller value for the difference in the 

evolution of the PAI score was more frequently 

observed, and vice versa. 

Table VI. Correlation between age and the difference in PAI score evolution 

Correlation p* 

Age x DifPAI 0.028, R= -0.194 

*Spearman’s Rho Correlation Coefficient 

 

 

Figure 3. Correlation between age and the difference in PAI score evolution 

 

DISCUSSIONS 

 

A substantial proportion of patients (43.7%) 

reported self-medicating before seeking 

specialist care. While this practice may offer 

short-term relief from symptoms, it fails to treat 

the underlying cause of dental disease and can 

result in more serious complications over time, 

including delayed diagnosis and antimicrobial 

resistance. The decision to self-medicate is 

probably shaped by several factors, such as 

socioeconomic, cultural, and structural 

conditions, including limited oral health 

literacy, financial constraints, time pressure, 

easy access to over-the-counter drugs, direct-to-
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consumer pharmaceutical advertising, and poor 

access to emergency dental services. 

 

A statistically significant association between 

age and the presence of general comorbidities 

was observed in the study population (p = .001). 

Patients with at least one systemic comorbidity 

were considerably older, with a median age of 

52.5 years (IQR: 40–60.75), compared to a 

median age of 29 years (IQR: 23–42.25) in 

those without any systemic condition. This 

difference of more than two decades is not 

surprising and aligns with the well-known 

epidemiological pattern showing that chronic 

disease burden increases progressively with 

age. Barnett et al. (2012) showed in a cross-

sectional study that multimorbidity, defined as 

the coexistence of two or more chronic 

conditions, rises sharply with advancing age, 

becoming the rule rather than the exception 

beyond the fifth decade of life. [35] From a 

dental and endodontic standpoint, the clinical 

importance of this age-comorbidity link is 

considerable. Systemic conditions common in 

older patients can disrupt periapical tissue 

balance, weaken immune-mediated healing, 

and compromise endodontic outcomes [36,37]. 

 

In this study, the number of teeth affected by 

apical periodontitis was significantly higher in 

patients with gastrointestinal conditions than in 

those without, suggesting that systemic 

gastrointestinal pathology may represent a 

relevant risk factor for increased periapical 

disease burden. These results are in line with 

previous studies showing a bidirectional 

relationship between gastrointestinal disorders 

and oral health outcomes [38,39]. 

When comparing the number of teeth affected 

by apical periodontitis according to patients' 

environment of origin, those from urban areas 

had a higher median number of affected teeth 

than those from rural areas. This may seem 

counterintuitive at first, since urban populations 

are generally thought to benefit from better 

access to dental care and higher socioeconomic 

resources [40]. 

 

A statistically significant difference was found 

in the number of teeth with apical periodontitis 

according to smoking status, with smokers 

showing a notably higher median number of 

affected teeth compared to non-smokers. This 

result supports the well-established harmful 

effects of tobacco use on periapical tissue health 

and endodontic outcomes [41,42]. 

 

Although overall self-medication rates were 

similar between sexes, the pattern and type of 

medication used differed. The most notable 

finding was the complete absence of anti-

inflammatory-only self-medication in men, 

while women displayed a more varied self-

medication profile. This may reflect 

documented sex-based differences in pain 

perception, with women tending to report 

higher pain sensitivity and using more diverse 

analgesic strategies [43]. When men did self-

medicate, they often used both antibiotics and 

anti-inflammatories, possibly reflecting later 

presentation with more severe symptoms, 

consistent with evidence that men are less likely 

to seek timely healthcare and therefore present 

at more advanced stages of illness [44,45]. The 

use of combined antibiotic and anti-

inflammatory medication in this context raises 

concerns about unsupervised antimicrobial use, 

given the known link between inappropriate 

antibiotic consumption and antimicrobial 

resistance [46]. These findings emphasize sex-

based behavioral differences in pain 

management during dental emergencies and 

underline the need for targeted education about 

the risks of unsupervised medication use in 

acute dental conditions. 

 

The statistically significant association between 

education level and prior treatment history 

suggests two distinct pathways leading to acute 

apical periodontitis (AAP). In patients with 

lower educational attainment, AAP seems to 

arise mainly from dental neglect and 

insufficient prior care, reflecting structural 

barriers to oral health access. These results are 

consistent with Steinvik et al. (2025), who 

found that lower educational attainment was 

linked to poorer outcomes across all oral health 

measures, including higher caries experience, 

generalized gingivitis, and worse self-reported 

oral health in a population-based sample of 

young adults [47]. In contrast, among patients 

with higher education, AAP appears more often 

associated with root canal treatment failure, 

suggesting that while education may promote 

health-seeking behavior and improve access to 

care, it does not eliminate the risk of biological 

or procedural complications. This aligns with 

the established understanding that post-
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treatment apical periodontitis is mainly driven 

by persistent intraradicular infection, 

extraradicular biofilms, and procedural issues 

such as inadequate debridement, insufficient 

obturation, and compromised coronal seal 

integrity, all of which act independently of 

socioeconomic or educational background 

[48,49]. Overall, these findings highlight 

education as a key social determinant of oral 

health and point to the need for targeted public 

health measures—programs that improve 

access and awareness among lower-educated 

individuals, and those that optimize endodontic 

protocols and ensure appropriate follow-up for 

previously treated teeth across all groups. 

 

Correlation analysis revealed three significant 

associations among age, total teeth present, and 

apical periodontitis burden. Older patients 

tended to have fewer teeth, consistent with 

cumulative tooth loss over a lifetime of dental 

disease [50,51]. Age was also positively 

associated with a greater number of teeth 

affected by apical periodontitis, reflecting 

disease accumulation and delayed treatment-

seeking [52]. Furthermore, patients with fewer 

total teeth had a greater periapical disease 

burden, suggesting that tooth loss and apical 

periodontitis often occur together, likely 

sharing a background of neglected oral health or 

limited access to care. 

 

In this study, maxillary teeth were most 

frequently affected (50.8%), consistent with 

other reports [54,54]. The most affected tooth 

was the mandibular first molar (M1 mand), in 

agreement with previous research [55,56,57]. 

The relatively high frequency of apical 

periodontitis in M1 may be explained by its 

early eruption and increased exposure to carious 

processes, also influenced by its distinctive 

morphology [58,59]. 

 

Here, apical periodontitis was more often found 

in teeth without endodontic treatment (60.2%), 

contrary to other studies reporting higher 

prevalence in treated teeth. The high proportion 

of untreated teeth with apical periodontitis 

likely reflects delayed treatment-seeking, 

prolonged self-medication, and limited access 

to timely care, allowing infections to progress 

unchecked to periapical tissues. This contrasts 

with studies in general or recall populations, 

where previously treated teeth are more 

common and post-treatment apical periodontitis 

is therefore more prevalent [60,61]. 

 

The negative correlation between age and initial 

PAI score in this study contrasts with Roma et 

al. (2022), who found in an experimental rat 

model that apical periodontitis lesions were 

significantly larger in older animals than in 

younger ones. This suggests that bone and 

immune changes linked to aging, including 

impaired neutrophil and macrophage function, 

increased proinflammatory cytokines, and 

reduced bone repair capacity, may act as disease 

modifiers that accelerate periapical destruction, 

possibly explaining why older patients here 

accumulated greater apical burden over time 

[62]. 

The results show a consistent and statistically 

significant relationship between the initial PAI 

score and endodontic treatment outcomes at 

both 12 and 24 months, indicating that the 

severity of periapical disease at treatment 

initiation strongly predicts healing prognosis. 

 

The initial PAI score was a significant predictor 

of outcomes at both 12 and 24 months (p 

<0.001), with completely healed cases showing 

lower baseline scores than those with 

stabilization, remission, or worsening. This is 

biologically plausible, as larger and more 

chronic lesions contain more complex bacterial 

biofilms and a well-established inflammatory 

environment that may persist despite proper 

treatment [63,64]. Analysis of final PAI scores 

confirmed these results: healed cases had the 

lowest final PAI values (median = 1) at both 

follow-ups, while worsening cases reached the 

highest (median = 5), and remission cases were 

intermediate, showing partial resolution. These 

findings are consistent with Ng et al. (2008), 

who identified preoperative periapical status as 

one of the strongest predictors of endodontic 

success, and with L.-L. Kirkevang et al., who 

found that higher preoperative PAI scores were 

independently linked to reduced healing 

probability [65,66]. Together, these results 

stress the importance of early diagnosis and 

timely intervention before lesions advance, as 

well as the usefulness of serial PAI assessment 

as an objective tool for guiding clinical 

decisions during follow-up. 

 

The statistically significant negative correlation 

between age and PAI score change suggests that 
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older patients tend to show less radiographic 

improvement over time compared to younger 

ones, as seen in a study by X Wang et al., where 

lower healing rates were observed in elderly 

patients (58.%) compared to younger 

individuals (87.1%) [67]. Although the 

correlation strength was low, its clinical 

relevance remains important. 

This is biologically plausible, since aging is 

associated with a gradual decline in immune 

function that may impair the ability to resolve 

periapical inflammation and regenerate alveolar 

bone after endodontic treatment [68]. 

 

No significant differences in periapical healing 

were observed between teeth treated in one, 

two, or three visits, a result also confirmed by 

other studies [69,70,71]. On the other hand, in a 

systematic review and meta-analysis by C 

Sathorn and co., there appeared to be a 

difference between single and multiple visits, 

with single-visit teeth showing a 6.3% higher 

healing rate, though the difference was not 

statistically significant [72]. 

After 2 years of follow-up, healing was 

observed in 89.9% of endodontically treated 

teeth. Even though the teeth that had periapical 

healing were functional throughout our follow-

up, the evolution may be uncertain and should 

be followed over a longer period of time. 

 

Limitations 

This study has several limitations. First, its 

retrospective observational design may 

introduce selection bias and limit control over 

confounding variables that could affect 

endodontic healing (e.g., oral hygiene, occlusal 

factors, trauma, and patient adherence). Second, 

the study was conducted in a single center, 

which may restrict the generalizability of the 

findings to other populations and clinical 

contexts. Third, radiographic outcomes were 

assessed using the Periapical Index (PAI), a 

semi-quantitative method that can be influenced 

by measurement variability and does not fully 

capture the timing of clinical symptom 

resolution. Furthermore, although follow-up 

was performed at 12 and 24 months, excluding 

patients without complete follow-up may have 

introduced attrition bias. Finally, potential 

treatment and tooth-related heterogeneity 

(complexity, root anatomy, and procedural 

variations) and the lack of adjustment for all 

biologic and behavioral factors may have 

influenced the observed associations between 

patient or dental characteristics and healing 

outcomes. 

 

Conclusion 

In conclusion, endodontic treatment of acute 

apical periodontitis resulted in high 

radiographic healing rates, especially at 24 

months. The severity of the initial disease state, 

reflected by lower baseline PAI scores, was 

strongly linked to favorable outcomes and 

steady improvement over time, while persistent 

or worsening PAI indicated poor healing. 

Moreover, patient age negatively affected PAI 

evolution, suggesting a reduced healing 

response in older individuals. Finally, smoking 

and systemic comorbidities were associated 

with a greater number of teeth affected at 

baseline, emphasizing the importance of 

considering both patient-related and disease-

related factors when predicting treatment 

success. 
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