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Impact of smoking on the anatomical distribution of periapical bone rarefactions: A Brazilian retrospective cross-sectional study
 
ABSTRACT

Objective: To investigate the prevalence and distribution of periapical bone rarefactions (PBRs) in smokers and non-smokers using panoramic radiographs (PRs), and to assess the influence of tobacco use on lesion distribution. Methods: A retrospective cross-sectional analysis was conducted on 212 PRs from adult patients (18–78 years). Patients were classified as active smokers, former smokers, or non-smokers. Radiographs were examined for the presence, location, and distribution of PBRs by calibrated examiners. Associations with smoking history and duration were tested using chi-square and t-tests (two-sided), with a significance level of p<0.05. Results: PBRs were identified in 74.5% of patients. Unexpectedly, non-smokers showed a higher prevalence (66%) than smokers (33%), which may reflect sample characteristics or confounding factors. In smokers, lesions were predominantly concentrated in maxillary anterior teeth, particularly central incisors, and prevalence increased with longer smoking duration (>10 years). No significant differences were observed between smokers and non-smokers regarding arch distribution. Conclusions: Smoking was not associated with a higher overall prevalence of PBRs but appeared to influence their anatomical distribution and their relationship with tobacco exposure time. These findings emphasize the importance of considering lesion patterns alongside patient history and acknowledge the limitations of panoramic radiographs in establishing causality. Further multicenter and prospective studies using advanced imaging are warranted.
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INTRODUCTION

Smoking remains one of the most relevant lifestyle factors impacting oral and systemic health. Globally, approximately 1.14 billion individuals were smokers in 2019, accounting for over 7.6 million tobacco-attributable deaths.1 In Brazil, despite a progressive decline in prevalence, around 12.6% of adults still report tobacco use.2 The harmful effects of tobacco include vasoconstriction, reduced tissue perfusion, and impaired reparative capacity, which compromise periodontal and periapical healing.3

Periapical lesions, radiographically described as periapical bone rarefactions (PBRs), are closely associated with pulp necrosis, although their pathophysiology is complex and not yet fully elucidated.4,5 The necrotic process is usually preceded by symptomatic phases, which often subside once necrosis is established. Consequently, PBRs are frequently detected incidentally in routine imaging, particularly in panoramic radiographs (PRs), widely requested during initial dental evaluations.6 Despite inherent limitations, PRs allow the identification of such lesions, which may appear diffuse in acute stages and more circumscribed in chronic stages, often surrounded by a radiopaque halo.7

The development of PBRs is influenced not only by pulpal and host factors but also by external exposures such as tobacco. Constituents like nicotine impair cellular proliferation and angiogenesis, delaying bone repair and potentially altering lesion persistence.3 Although studies have linked smoking to greater periodontal and periapical morbidity, robust evidence specifically addressing the prevalence, distribution, and severity of PBRs in smokers remains scarce.3

Therefore, this study aimed to investigate the impact of smoking on the prevalence and anatomical distribution of PBRs in PRs, comparing smokers and non-smokers, and to clarify whether tobacco use modifies periapical lesion patterns in a Brazilian population.
METHODS


Study design
This is a retrospective, cross-sectional, documentary study conducted between March 2023–February 2024, based on patient records from the Dentistry Service of the University of Fortaleza, Brazil. 

Data collection and calibration
Data were collected by two experienced endodontists familiar with imaging analysis, under the direct supervision of a collaborating researcher specialised in dental imaging, who had been calibrated by an experienced radiologist. The entire process was coordinated by the principal investigator.

To ensure consistency and reliability, the collectors underwent calibration through a pilot test involving 10 patients, in which one collector gathered the data while the other performed cross-checking. Data from this initial collection were excluded after methodological adjustments, and the definitive collection was subsequently conducted.

Radiograph acquisition and selection
PRs were collected from the Dental Imaging Service database at Dentistry Service of the University of Fortaleza between March 2023 and February 2024. All digital PRs analysed were acquired using a PAX 400 device (Vatech Co., Yongin, South Korea) in standard panoramic mode (68 kVp, 8 mA). Images were obtained for treatment planning or diagnostic purposes by trained technicians using consistent machine settings. No radiographs were taken exclusively for this study, ensuring no additional patient exposure.

All available PRs were initially screened for completeness of patient history and image quality. Radiographs that did not meet eligibility criteria were excluded. This process continued consecutively until the pre-calculated minimum sample size was reached. Once the required number of PRs was obtained, data collection was stopped due to sample saturation.

Standardization and group stratification
Patient data were recorded using the Patient Socioeconomic Profile and Oral Health Conditions Registration Protocol in Excel®. Variables included sociodemographic data, smoking history, pulpal and periapical health, number and location of affected teeth, presence of caries, and lesion severity. To minimize bias due to anatomical overlap in PRs, the analysis was restricted to anterior teeth. Patients were stratified into two groups: non-smokers (Group 1) and smokers (Group 2).

Eligibility criteria
Inclusion criteria comprised patients aged 18 years or older, both smokers and non-smokers, with complete clinical histories and available PRs of sufficient quality, free from artefacts or distortions that could compromise diagnostic evaluation. Patients with incomplete records, missing smoking information, or inadequate PRs were excluded.

Sample size calculation
Sample size was calculated using EpiInfo (Centers for Disease Control and Prevention, Atlanta, USA), considering a reference population of 4,000 PRs issued during the study period, a prevalence of 16%,11 a 5% margin of error, and a 95% confidence interval. The calculation indicated a minimum sample size of 206 PRs, ensuring adequate statistical power.

Statistical analysis
Data were analyzed using SPSS 28 (IBM Corp., Armonk, NY, USA). Categorical variables were presented as frequencies and percentages; continuous variables as means and ranges. Associations between smoking and PBR presence were assessed using Pearson’s chi-square test. Differences in age and smoking duration between groups were evaluated using independent-samples t-tests. Prevalence ratios with 95% confidence intervals were calculated, with a significance level of p<0.05.

RESULTS

Sample characteristics
A total of 212 patients were analyzed, ranging in age from 18 to 78 years (mean 48 ± 13.9 years). Among smokers, 40 were active and 66 former, with mean ages of 50 and 53.5 years, respectively. The mean duration of smoking was 28.6 years for active smokers and 27.8 years for former smokers, with an average cessation time of 21.6 years among former smokers. Non-smokers had a mean age of 43.5 years.

Overall prevalence of periapical bone rarefactions
Radiographic analysis revealed a total of 158 PBRs, representing 74.5% of the sample (Figures 1–2). Among smokers, 35 individuals (33%) presented lesions, whereas 71 (67%) were lesion-free. In contrast, 70 non-smokers (66%) had lesions and 36 (34%) did not (Table 2). Female predominance was similar across groups, with 62.8% of affected smokers and 63.8% of lesion-free non-smokers being women.

Distribution by tooth type
Among smokers, the upper central incisors and upper canines were most frequently affected (20.6% each), followed by upper lateral incisors and lower central incisors (18.9% each), while lower lateral incisors and canines accounted for 10.3% each. In non-smokers, the upper lateral incisors were most affected (27%), followed by upper central incisors (22%), with lower anterior teeth ranging from 6% to 17% (Table 3). These findings indicate a predilection for anterior maxillary teeth in both groups. Statistical analysis confirmed no significant differences in lesion location between smokers and non-smokers (Pearson’s chi-square = 0.8; p = 0.7; Fisher’s exact test = 0.9; p = 0.7).

Influence of smoking duration
Duration of smoking was positively associated with lesion prevalence. Among active smokers, 66.6% of patients with lesions had smoked for more than ten years, whereas in former smokers, 45% with lesions had similar smoking histories. Lesions were rare in patients with less than one year of smoking (<10%) and increased progressively with longer durations (Table 4).

Lesion location by arch
Most lesions were located in the maxilla (62.5% in smokers, 70% in non-smokers), followed by the mandible (34.4% in smokers, 25.7% in non-smokers), with few involving both arches (3.1% and 4.3%, respectively). No statistically significant differences were observed between groups regarding lesion location (Pearson’s chi-square = 0.8; p = 0.7; Fisher’s exact test = 0.9; p = 0.7) (Table 1).

DISCUSSION

Smoking remains a critical modifier of oral health, and PRs are indispensable for evaluating PBRs, particularly in regions with limited access to advanced imaging, such as Brazil.2,6 Despite inherent distortions, PRs provide reliable comparative analysis of anterior dental hemiarches in a single scan while minimizing radiation exposure. Standardized image acquisition and evaluation by calibrated examiners in this study further strengthened diagnostic reliability.

The prevalence of PBRs in this sample was strikingly high at 74.5%, yet counterintuitively, smokers exhibited fewer lesions (33%) compared to non-smokers (66%) (Table 1). This paradox may reflect retrospective biases, differences in previous dental care, or delayed lesion detection in smokers. Such findings challenge the prevailing assumption that tobacco uniformly increases periapical pathology, suggesting that smoking may reshape lesion patterns rather than simply increase frequency.

Anatomical distribution reinforces this concept: smokers had PBRs concentrated in maxillary anterior teeth, while non-smokers showed a more homogeneous spread across maxillary and mandibular anterior teeth (Table 2; Figures 1–2). This aligns with prior observations of site-specific susceptibility linked to blood supply, thermal exposure, and direct contact with smoke.10,18 Duration of smoking emerged as a dose-dependent determinant: over ten years of tobacco use correlated with higher lesion prevalence among both current and former smokers (Table 3), consistent with literature demonstrating impaired bone regenerative capacity and compromised microcirculation in chronic smokers.7–8, 10–11

Comparisons with existing literature highlight nuance. While many studies report smoking as a driver of periapical pathology, the current data suggest that tobacco alters lesion distribution and severity more than prevalence. 9, 12–13 Anatomical predilection for maxillary incisors in smokers echoes findings from Rosa et al.,14 potentially explained by repeated exposure to heat and smoke combined with anterior alveolar microvascular patterns. Conversely, other reports indicate posterior bone loss or vertical defects, underscoring the influence of local factors such as root morphology, oral hygiene, and smoking intensity.15–16

The clinical implications are clear: smokers may present fewer detectable PBRs, but with more severe or strategically located lesions, demanding heightened vigilance during radiographic assessment. Dental practitioners should integrate early detection strategies and tobacco cessation counseling into routine care to mitigate long-term periapical consequences.17–18

Limitations warrant careful consideration. The retrospective design constrains causal inference, reliance on PRs limits resolution and accuracy, and restriction to anterior teeth restricts generalizability. Single-center sampling may introduce regional bias, though the genetically diverse Brazilian population and balanced distribution of smokers, former smokers, and non-smokers mitigate this concern. Future multicentric studies with full-dentition assessment and high-resolution imaging modalities are essential to validate and extend these findings.

In conclusion, while non-smokers displayed a higher overall prevalence of PBRs, smoking reshapes periapical disease by concentrating lesions in maxillary anterior teeth and amplifying severity in long-term users. These insights emphasize the need for targeted radiographic evaluation, preventive strategies, and integration of smoking cessation interventions in dental practice to manage periapical health effectively. Prospective studies with full-dentition assessment and advanced imaging are warranted to clarify the full impact of tobacco on periapical health.

CONCLUSION

Smoking influences the pattern and severity of PBRs, concentrating lesions in maxillary anterior teeth and increasing risk in long-term users, even when overall prevalence is lower than in non-smokers. These findings highlight the importance of careful radiographic evaluation and the integration of preventive strategies, including smoking cessation, into routine dental care.
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Figure 1. Representative panoramic radiographs illustrating periapical bone rarefaction in smokers and non-smokers
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Legend: A. PR broad view of a tabagist patient presenting PBRs; B. Cropped image highlighting the region with PBR; C. Broad view of a PR of a patient without PBR; D. Cropped image showing the corresponding region with no detectable PBR.




Figure 2. Representative panoramic radiographs comparing periapical bone rarefaction in smokers and non-smokers
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Legend: A. PR broad view of a smoker patient presenting PBRs; B. PR broad view of a non-smoker patient without PBR.


Table 1. Demographic and clinical characteristics of participants
	Variable
	N (212)

	Age (years)*
	48 ± 13.9*

	Sex†
	

	  Female
	127 (62.3%)

	  Male
	77 (37.7%)

	Study groups †
	

	  Smokers with lesion
	32 (15.7%)

	  Smokers without lesion
	67 (32.8%)

	  Non-smokers with lesion
	70 (34.3%)

	  Non-smokers without lesion
	35 (17.2%)

	Location of lesion (n=102)†
	

	  Maxilla
	69 (67.6%)

	  Mandible
	29 (28.4%)

	  Maxilla and Mandible
	4 (3.9%)

	*Data expressed as mean ± standard deviation; †Data expressed as frequency and relative percentage.




Table 2. Prevalence of periapical lesions among smokers and non-smokers
	Group
	With periapical lesion, n (%)
	Without periapical lesion, n (%)

	Smokers (active and former)
	35 (33%)
	71 (67%)

	Non-smokers
	70 (66%)
	36 (34%)



Table 3. Distribution of periapical lesions by tooth type.
	Group
	UCI
	ULI
	UC
	LCI
	LLI
	LC
	Total with lesion, n (%)

	Smokers (active and former)
	12 (20.6%)
	11 (18.9%)
	12 (20.6%)
	11 (18.9%)
	6 (10.3%)
	6 (10.3%)
	35 (33%)

	Non-smokers
	22 (22%)
	27 (27%)
	17 (17%)
	11 (11%)
	17 (17%)
	6 (6%)
	70 (66%)

	Abbreviations: UCI, Upper central incisor; ULI, Upper lateral incisor; UC, Upper canine; LCI, Lower central incisor; LLI, Lower lateral incisor; LC, Lower canine.



Table 4. Distribution of periapical lesions according to duration of smoking
	Duration of smoking
	Active smokers with lesion, n (%)
	Active smokers without lesion, n (%)
	Former smokers with lesion, n (%)
	Former smokers without lesion, n (%)

	<1 year
	1 (6.7%)
	1 (4%)
	2 (10%)
	1 (2.2%)

	1–5 years
	1 (6.7%)
	5 (20%)
	5 (25%)
	9 (19.5%)

	6–10 years
	3 (20%)
	4 (16%)
	4 (20%)
	7 (15.2%)

	>10 years
	10 (66.6%)
	15 (60%)
	9 (45%)
	26 (56.5%)
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