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Aim: This study examined the associations between the position of  impacted 
mandibular third molars and postoperative complications, with a focus on pain, 
swelling, and their associations with proximity to the mandibular canal. Methods: 
A retrospective cohort of  270 patients who underwent surgical extraction of 
mandibular third molars was analyzed. Preoperative panoramic radiographs 
were evaluated by three experienced surgeons to classify the tooth position 
(Winter classification) and proximity to the mandibular canal (Rood and Shehab 
classification). Postoperative complications (pain, swelling, trismus, paresthesia, 
hematoma, and hemorrhage) were assessed via standardized questionnaires 
and clinical records 7 days postoperatively. Data analysis included descriptive 
statistics and multinomial logistic regression. Results: Mesioangular and 
horizontal impactions were significantly associated with increased postoperative 
pain and swelling. Logistic regression indicated that the mesioangular position 
increased the odds of  pain by 95% (odds ratio [OR] = 1.95) and swelling by 85% 
(OR = 1.85). The horizontal impact increased the odds of  pain by 2.8 times (OR 
= 2.8) and swelling by 5.0 times (OR = 5.0). Tooth position was a significant 
predictor of  postoperative complications (P = 0.007), whereas proximity to 
the mandibular canal, patient age, and the mandibular side were not. Root 
darkening emerged as a notable radiographic finding. Conclusions: The position 
of  impacted mandibular third molars, particularly mesioangular and horizontal 
angulations, significantly influences postoperative pain and swelling. These 
findings highlight the importance of  considering the tooth position in surgical 
planning to reduce complications. Although panoramic radiography is useful 
in resource-limited settings, cone-beam computed tomography is advised for 
complex cases or when vital structures are at risk.
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Introduction

T he extraction of third molars is one of the procedures 
most commonly performed by dentists.[1,2] Despite 

its frequency, it is associated with several postoperative 
complications, such as pain, trismus, edema, nerve 
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injuries (involving the lingual and/or inferior alveolar 
nerves [IANs], resulting in temporary or permanent 
paresthesia), temporomandibular joint injury, and 
bleeding and bruising.. These risks are related to 
factors intrinsic to the patient, such as age, sex, the use 
of drugs or tobacco, and postoperative care, as well as 
factors related to the operator, including the experience 
of the surgeon, the surgical technique used, and the 
duration of surgery.[3]

The positional variability of third molars, particularly 
in the mandible, poses an additional challenge. These 
teeth often have impaction or semi-impaction, being 
close to important structures, such as the inferior 
alveolar neurovascular bundle and the lingual nerve.[4] 
To aid in surgical planning and minimize complications, 
classification systems have been widely used. The Winter 
classification[5] evaluates the orientation of the third 
molar in relation to the second molar, whereas the Rood 
and Shehab classification[6] considers radiographic signs 
indicative of the relationship between the tooth and the 
inferior alveolar canal, including deviation, narrowing 
or interruption in the mandibular canal, and channel 
continuity.

Panoramic radiography has demonstrated significant 
utility in routine clinical assessment, primarily because of 
its extensive availability, cost-effectiveness, and a relatively 
low degree of radiation exposure.[7] Despite its widespread 
use, studies have highlighted its limitations in resolving 
complex anatomical details, including variations in the 
mandibular canal trajectory, the presence of accessory 
canals, and the precise relationship between the roots of 
impacted third molars and the IAN.[8] These challenges 
have been underscored by findings that emphasize the 
diagnostic inadequacy of panoramic imaging in critical 
surgical planning, particularly when evaluating the risk of 
nerve injury or assessing root morphology. Nevertheless, 
in resource-constrained settings, panoramic radiography 
remains a cornerstone of preoperative assessment, 
effectively serving as a compromise between accessibility 
and diagnostic accuracy.[9-11]

In contrast, cone-beam computed tomography (CBCT) 
has been consistently validated as the superior imaging 
modality for detailed anatomical evaluations. Research 
has corroborated its unparalleled ability to visualize 
structures without overlaps, enhancing both diagnostic 
confidence and intraoperative safety.[9] Moreover, 
studies have shown that CBCT significantly reduces 
the incidence of  postoperative complications, such as 
nerve damage and surgical site morbidity, by providing 
precise spatial relationships between impacted teeth 
and adjacent structures. However, the financial and 
logistical barriers to CBCT implementation, coupled 

with concerns over cumulative radiation exposure, have 
limited its adoption in routine practice, particularly in 
low-resource settings.[12-15]

This study aims to bridge the gap between these 
imaging modalities by investigating the predictive value 
of panoramic radiographic findings, particularly in the 
absence of CBCT. By reflecting the realities of global 
clinical practice, this research seeks to provide insights 
into achieving a balanced approach that prioritizes 
cost efficiency, accessibility, diagnostic accuracy, and 
patient safety.

Materials and Methods

This observational clinical study was approved by the 
Ethics Committee of the institution under number 
4.354.361. All participants signed an informed consent 
form, which was prepared in accordance with the 
updated guidelines of the Guideline for Good Clinical 
Practice E6 (R2). The study strictly followed the 
ethical principles established in the guidelines of the 
Declaration of Helsinki, guaranteeing the privacy and 
rights of participants at all stages of the study.

Sample selection

The sample size was determined on the basis of 
previous studies with similar methodologies[13-15] and 
on a statistical analysis of the sample size considering 
a significance level of 5% and a statistical power of 
80% (β = 0.20). And a moderate effect size (Cohen’s 
f  = 0.25) was used in the jpower module of Jamovi 
software (version 2.4.14; Sydney, Australia).

The calculations indicated a minimum requirement 
of 240 samples for the analysis. Thus, 270 panoramic 
radiographs and medical records of individuals who 
underwent extraction of lower third molars between 
2017 and 2020 at a public reference center for oral and 
maxillofacial surgery were included.

All surgeries were performed by the same professional 
via surgical techniques adapted to the position of the 
tooth, including the decision to perform osteotomy 
and odontosection. The anesthetic used was 2% 
lidocaine with epinephrine (1:100,000). Preoperative 
drug therapy was prescribed for patients with 
cardiovascular disorders. Postoperatively, patients 
received a combination of antibiotics (amoxicillin 
500 mg), anti-inflammatory drugs (typically 100 mg), 
and corticosteroids (dexamethasone 4 mg) to minimize 
complications and promote positive recovery.

Panoramic radiography was chosen as the imaging 
method because of its wide availability in the medical 
records of the study site database, its lower cost, the 
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low purchasing power of the population, and the 
difficulty of accessing other imaging techniques. All 
panoramic images were obtained via OP200 equipment 
(Instrumentarium, Tuusula, Finland), following the 
manufacturer’s recommendations, with the following 
parameters: 120 kVp; 5 mA; and an acquisition time 
of 40 s.

The inclusion criteria for the images were as follows: 
patients aged between 15 and 50 years who underwent 
surgical removal of at least one lower third molar, 
the absence of endodontic treatment for the tooth in 
question, the absence of pathological root resorption, 
and the presence of complete root formation.

The exclusion criteria were medical records of patients 
with a history of mandibular fractures; pathological 
changes related to the lower third molars; presence 
of metallic artifacts; systemic diseases that alter the 
perception of pain (such as fibromyalgia); smoking; 
diabetes; chronic use of corticosteroids or drugs similar 
to those administered in the study; or drug interactions 
that could interfere with the analysis.

Evaluation parameters

Three main parameters were evaluated: tooth position 
according to the Winter classification, which covers 
seven levels: vertical, mesiangular, distoangular, 
horizontal, vestibular–angular, lingual–angular, and 
inversion; proximity of the tooth to the mandibular 
canal, according to the Rood and Shehab classification; 
and eight radiographic levels: root darkening, root 
deflection, root narrowing, darkening of the root apex 
and bifid root, interruption of the radiopaque line 
of the canal, canal deviation, and narrowing of the 
channel. Postoperative complications were recorded 
via a questionnaire administered to the patients 7 days 
after the surgical procedure.

The questionnaires included standardized 
dichotomous questions (yes/no) to assess the presence 
of pain, swelling, trismus, paresthesia, hematoma, and 
excessive bleeding or hemorrhage. For each variable, 
specific scales and criteria were employed to ensure 
precise evaluation: Pain: patients were asked, “Did 
you experience pain after the procedure?” If  yes, 
they were instructed to rate the intensity using either 
a visual analog scale, ranging from 0 (no pain) to 10 
(worst pain imaginable), or a numeric rating scale with 
clearly defined anchors: 0 (no pain), 5 (moderate pain), 
and 10 (worst possible pain). Swelling: swelling was 
assessed via a dual approach: objective measurement: 
facial discrepancies, such as intergonial distance or 
submandibular region circumference, were measured 
and compared with preoperative baseline values. Likert 

scale: patients rated swelling severity on a 5-point 
scale, where 1 = no swelling, 3 = moderate swelling, 
and 5 = severe swelling, with visible facial asymmetry. 
Trismus: patients were asked, “Did you experience 
difficulty opening your mouth?” Maximum interincisal 
opening was measured in millimeters, categorized as 
normal (>35 mm), moderate limitation (25–35 mm), or 
severe limitation (<25 mm). Additionally, the Helkimo 
Index was used for subjective assessment, categorizing 
jaw mobility from no limitation to severe limitation. 
Paresthesia: patients were asked, “Did you experience 
numbness or tingling in the lips, chin, or tongue?” If  
yes, the tactile response was evaluated via the Semmes–
Weinstein monofilament scale, which grades sensation 
from 1 (normal) to 5 (complete loss of sensation). 
Hematoma: patients were asked, “Did you notice 
bruising in the surgical area?” Hematoma severity 
was categorized as mild (localized discoloration), 
moderate (bruising extending beyond the immediate 
surgical area), or severe (extensive discoloration 
affecting surrounding tissues). Excessive bleeding or 
hemorrhage: patients were asked, “Did you experience 
bleeding after the procedure?” Responses were 
categorized via the WHO Bleeding Assessment Tool: 
0: no bleeding; 1: mild bleeding (controlled at home); 
2: moderate bleeding (requiring local intervention); 3: 
severe bleeding (requiring professional assistance); 4: 
life-threatening hemorrhage

In addition to these assessments, medical records 
provided supplementary data on demographic 
characteristics (e.g., age, sex, and ethnicity), medical 
history, surgical details (e.g., procedure duration 
and type of anesthesia), prescribed medications, 
comorbidities, and prior surgical complications. 
This comprehensive methodology ensures a detailed 
and reliable evaluation of postoperative outcomes, 
integrating both objective measurements and patient-
reported experiences.

Image analysis methodology

The panoramic images were analyzed by a single 
experienced radiologist with more than 10 years of 
experience in radiographic interpretation. To ensure 
the reproducibility and reliability of the evaluations, an 
intraclass correlation test (ICC) was performed on the 
basis of a pilot analysis of 50 images evaluated twice by 
the same observer, with an interval of 2 weeks between 
evaluations. The value obtained was excellent (ICC = 
0.94; 95% CI = 0.91–0.96), indicating high intraobserver 
consistency, and the analysis was performed using the 
seolmatrix module of the Jamovi software (version 
2.4.14; Sydney, Australia).
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Images were examined on a 19.5-inch LG monitor with 
1366 × 768 (HD) resolution (LG, Brazil, Taubaté) in a 
quiet room with controlled ambient light. Brightness, 
contrast, and zoom adjustment tools were used to 
optimize the analysis of the images [Figures 1–4]. To 
mitigate observational bias, the observer was blinded 
to the clinical and demographic data of the patients, as 
well as to the outcomes being investigated in the present 
study, ensuring that evaluations were based solely on 
the radiographic images. The images were analyzed in a 
randomized order to avoid systematic errors related to 
sequence effects. Furthermore, the ambient conditions 

were standardized to minimize external influences on 
image interpretation.

Statistical analysis

The data were tabulated in an Excel spreadsheet 
(Microsoft 365) and subjected to descriptive analysis 
for the exposure factors related to the categories 
studied. Next, multinomial logistic regression was 
performed to correlate postoperative complications 
with age, side of  the mandible, proximity of  the element 
to the mandibular canal, and tooth position. The 
significance level adopted was 5%, and the analyses 
were conducted via Jamovi software (version 2.4.14; 
Sydney, Australia).

Results

Table 1 presents the descriptive analysis with frequency 
distributions for sample characterization.

According to the data on postoperative complications, 
the position of the teeth plays a relevant role in the 
occurrence of different symptoms. The vertical position 
of the teeth was associated with a greater frequency 
of swelling (17.6%) and the absence of symptoms 
(15.3%). With respect to the other tooth positions, the 
mesioangular position presented a high occurrence 
of swelling (9%) and pain (4.3%). On the other hand, 
the distoangular position presented a lower frequency 
of complications, with pain (2.7%) being the most 
frequent symptom.

In addition, combinations of symptoms, such as pain 
and swelling, were observed in various tooth positions; 
these symptoms were present in 6.3% of the patients 
with mesioangular teeth and in 4% of the patients with 
horizontal teeth. More complex combinations, such 
as pain, swelling, and paresthesia, are rare, with a low 
incidence in all positions. In general, the absence of 
symptoms was more common in vertical teeth (15.3%), 
followed by mesioangular teeth (5%) and distoangular 
teeth (0.3%), suggesting that the position of the tooth 

Figure 1: Winter classification for elements 38 and 48: Horizontal 
(4); Rood and Shehab classification for element 48: root darkening 
(A) and element 38: interruption in the white line of the canal (G)

Figure 2: Winter classification for elements 38 and 48: vertical 
(1); Rood and Shehab classification for elements 38 and 48: root 
darkening (A)

Figure 3: Winter classification for elements 38 and 48: distoangular 
(3); Rood and Shehab classification for elements 38 and 48: root 
deviation (B)

Figure 4: Winter classification - element 48: horizontal (4) and 
element 38: mesioangular (2); Rood and Shehab Classification - 
element 48: root deviation (B) and element 38: bifid root apex (D)
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directly influences the type and severity of postoperative 
complications [Table 2].

In likelihood ratio tests, which assess the contribution 
of each predictor variable, some variables are found to 

be statistically significant. The variable Tooth_Position 
was significant (χ² = 60.2, df = 36, P = 0.007), suggesting 
that the position of the tooth has a relevant effect on 
the likelihood of postoperative complications. On the 
other hand, other variables, such as Age (χ² = 13.4, df = 
12, P = 0.343), Side (χ² = 12.3, df = 12, P = 0.424) and 
Proximity to the tooth mandibular canal (χ² = 74.6, 
df = 72, P = 0.392), did not present significant results 
[Table 3].

The analysis of the model coefficients revealed that some 
variables were strongly associated with the outcome of 
interest. For example, for the absence of hematoma 
symptoms, the intercept had an estimate of −70.669 
(P < 0.001), whereas age ≥ 17 years was significantly 
associated with a reduced chance of complications 
(estimate = −62.951, P < 0.001). The variable Side 
(right vs. left) also had a significant effect (estimate = 
44.611, P < 0.001) on the incidence of hematoma.

Regarding pain, the intercept was positive and 
significant (estimate = 119.470, P < 0.001), indicating 
a greater probability of pain in the absence of other 
complications. However, the effect of age ≥ 17 years was 
again negative and significant (estimate = −119.690, 
P < 0.001), suggesting a lower probability of pain in 
older patients. The variable Side was not significant for 
pain (P = 0.191), suggesting that the surgery side does 
not significantly affect this complication.

Finally, the Tooth position variable also presented 
significant results in some comparisons. For example, 
the distoangular position of the teeth was associated 
with an increased chance of postoperative pain. 
The mesioangular position increased the chance 
of hematoma (OR = 16.21, 95% CI: 1.74–149.18, 
P = 0.023), whereas the mesioangular position 
increased the chance of hematoma (OR = 67.15, 95% 
CI: 2.11–2115.31, P = 0.035) [Table 4].

In summary, the model identified significant predictors 
of postoperative complications, especially tooth 
position and root darkening, as relevant risk factors. 
Variables such as age and side of the procedure 
influence some complications but not consistently. The 
model fit was moderate, McFadden (R² = 0.237), and 
the variables with the greatest impact were properly 
identified, offering relevant insights for clinical 
management.

Discussion

The extraction of the third molar is a common dental 
procedure that carries the risk of complications 
due to the proximity of vital anatomical structures, 

Table 1: Distribution and frequencies
Account % of total Cumulative %

SIDE
 � Left 155 51.5% 51.5%
 � Right 146 48.5% 100.0%
ESM
 � <17 6 3.6% 51.5%
 � ≥17 159 96.4% 100.0%
Proximity tooth 
mandibular canal
 � Channel_

deviation
5 1.7% 1.7%

 � Channel_
narrowing

10 3.3% 5.0%

 � Interruption_
channel

17 5.6% 10.6%

 � Root_apex_
bifid_root

45 15.0% 25.6%

 � Root_
darkening

50 16.6% 42.2%

 � Root_
deflection

102 33.9% 76.1%

 � Root_
narrowing

72 23.9% 100.0%

Tooth position
 � Distoangular 22 7.3% 7.3%
 � Horizontal 42 14.0% 21.3%
 � Mesioangular 86 28.6% 49.8%
 � Vertical 151 50.2% 100.0%
Postoperative 
complications
 � Hematoma 3 1.0% 1.0%
 � Pain 52 17.3% 18.3%
 � Pain 

hematoma
5 1.7% 19.9%

 � Pain swelling 47 15.6% 35.5%
 � Pain swelling 

bruising
7 2.3% 37.9%

 � Pain swelling 
paresthesia

1 0.3% 38.2%

 � Pain swelling-
trismus

5 1.7% 39.9%

 � Swelling 101 33.6% 73.4%
 � Swelling-

hematoma
14 4.7% 78.1%

 � Swelling-
bleeding

1 0.3% 78.4%

 � Swelling-
trismus

1 0.3% 78.7%

 � Trismus 1 0.3% 79.1%
 � No symptoms 63 20.9% 100.0%
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particularly the IAN.[13,16-18] Postoperative problems 
such as swelling, inflammation, bleeding, alveolitis, 
infection, and sensory disturbances of the IAN disrupt 
normal healing processes.[19,20] In this study, the null 
hypothesis was rejected as a significant correlation 
was identified between the position of the third molars 
and pain, as well as between the patient’s age, tooth 
position, and edema.[6,21,22]

Additional factors that may contribute to complications 
include the surgeon’s experience, the complexity of the 
extraction, the duration of the surgery, the degree of 
intraoperative trauma, the type of anesthesia, and 
the suturing technique. Notably, all surgeries in this 
study were performed by an experienced surgeon, and 
the patients were informed preoperatively about the 
poential risks.[23,24]

Computed tomography (CT) remains the gold 
standard in surgical planning for impacted lower 
third molars, offering high-resolution images that 
allow detailed visualization of anatomical structures 
without overlap. However, panoramic radiography 
continues to be widely used in clinical practice for 
evaluating the relationship between the mandibular 
canal and impacted teeth, especially in settings with 
limited access to advanced imaging technology.[13,25] 
The main advantage of panoramic radiography lies 
in its accessibility and relatively low cost, making it a 
viable alternative in resource-constrained areas. Given 
these advantages, the integration of machine learning 
(ML) models, particularly deep learning algorithms, 
into the analysis of panoramic radiographs has shown 
promising potential for enhancing surgical planning.

Recent studies have explored the use of ML to automate 
the risk assessment process, helping clinicians identify 
high-risk cases with greater accuracy. One study 
developed an artificial intelligence (AI) system to assist 
in evaluating panoramic radiographs and predicting 
complications related to third molar extraction. 
Using 4516 panoramic images, the ML model was 
trained to detect key anatomical regions, including the 
dental element and the IAN, with high predictability. 
The model employs a U-Net deep learning network 
capable of segmenting these regions and automatically 
identifying potential risks.[26] This approach could 
transform clinical practice by enabling more precise 
risk assessments directly from panoramic radiographs, 
improving surgical planning and decision-making. 
Furthermore, ML could predict the likelihood of 
specific complications, such as nerve injury or excessive 
bleeding, and potentially guide the selection of the 
most appropriate surgical approach. Future studies 
may further refine these AI-based tools to automate 

the process of identifying at-risk patients and tailor 
surgical planning to reduce complications and improve 
patient outcomes.

Some researchers argue that angulation of the third 
molar is not a risk factor for IAN injury, a view 
not supported by the findings of this study.[27] The 
classification of tooth position has been advocated as a 
strategy to prevent surgical complications arising from 
the extraction of impacted third molars, providing 
details on the tooth’s position in relation to the bone 
and the adjacent second molar, as well as its proximity 
to the mandibular canal, which is essential for detailed 
surgical planning. This reduces complications and 
postoperative pain.[27-29]

Mesioangulated third molars are highly prevalent, 
a finding corroborated by this study.[30,31] The results 
revealed statistical significance for the Winter 
classification, with the mesioangulated position 
increasing the postoperative pain by 95%. This increased 
pain can be attributed to several mechanical factors. The 
mesioangulated position often requires more extensive 
surgical procedures, such as bone removal and tooth 
sectioning, which results in greater surgical trauma and 
inflammation. The angulation of the tooth often results 
in an impaction closely related to the adjacent second 
molar, making access for odontosection and osteotomy 
difficult. These difficulties may lead to more extensive 
manipulation of the surrounding tissues, increasing 
the risk of soft tissue injury and contributing to 
postoperative pain. Furthermore, the mesioangulated 
position is commonly associated with greater proximity 
to sensitive structures, particularly the IAN. The closer 
the tooth is to the IAN, the greater the risk of direct 
trauma or nerve compression during extraction, which 
can increase postoperative pain and, in some cases, lead 
to long-term nerve damage or paresthesia. Together, 
these factors explain why mesioangulated impactions 
are more likely to result in increased postoperative 
discomfort and complications.[3,5,7]

Furthermore, in the mesioangular and horizontal 
positions, there is an increase in the distance between 
the cementoenamel junctions of the second and third 
molars, leading to food impaction in the interdental 
space, difficulty brushing and flossing, and a greater 
likelihood of pericoronitis. These preexisting 
inflammatory and painful conditions can worsen 
postoperative complications.[15,25,31]

This study also revealed that horizontally positioned 
lower third molars near the IAN are 2.8 times more 
likely to cause pain. This contradicts findings that 
did not show a significant correlation between 
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Table 2: Frequencies of tooth_position × postoperative_complications
Tooth position Postoperative complications Account % of total Cumulative %
Distoangular Hematoma 0 0.0% 0.0%

Pain 8 2.7% 2.7%
Pain-hematoma 1 0.3% 3.0%
Pain-swelling 3 1.0% 4.0%
Pain-swelling-bruising 1 0.3% 4.3%
Pain-swelling-paresthesia 1 0.3% 4.7%
Pain-swelling-trismus 0 0.0% 4.7%
Swelling 6 2.0% 6.6%
Swelling-Hematoma 1 0.3% 7.0%
Swelling-Bleeding 0 0.0% 7.0%
Swelling-Trismus 0 0.0% 7.0%
Trismus 0 0.0% 7.0%
No symptoms 1 0.3% 7.3%

Horizontal Hematoma 1 0.3% 7.6%
Pain 6 2.0% 9.6%
Pain-hematoma 0 0.0% 9.6%
Pain-swelling 12 4.0% 13.6%
Pain-swelling-bruising 2 0.7% 14.3%

Pain-swelling-paresthesia 0 0.0% 14.3%
Pain-swelling-trismus 2 0.7% 15.0%
Swelling 15 5.0% 19.9%
Swelling-hematoma 3 1.0% 20.9%
Swelling-Bleeding 0 0.0% 20.9%
Swelling-trismus 0 0.0% 20.9%
Trismus 0 0.0% 20.9%
No symptoms 1 0.3% 21.3%

Mesioangular Hematoma 0 0.0% 21.3%
Pain 13 4.3% 25.6%
Pain-hematoma 2 0.7% 26.2%
Pain-swelling 19 6.3% 32.6%
Pain-swelling-bruising 3 1.0% 33.6%
Pain-swelling-paresthesia 0 0.0% 33.6%
Pain-swelling-Trismus 2 0.7% 34.2%
Swelling 27 9.0% 43.2%
Swelling-hematoma 3 1.0% 44.2%
Swelling-bleeding 0 0.0% 44.2%
Swelling-trismus 1 0.3% 44.5%
Trismus 1 0.3% 44.9%
No symptoms 15 5.0% 49.8%

Vertical Hematoma 2 0.7% 50.5%
Pain 25 8.3% 58.8%
Pain-hematoma 2 0.7% 59.5%
Pain-swelling 13 4.3% 63.8%
Pain-swelling-bruising 1 0.3% 64.1%
Pain-swelling-paresthesia 0 0.0% 64.1%
Pain-swelling-trismus 1 0.3% 64.5%
Swelling 53 17.6% 82.1%
Swelling-hematoma 7 2.3% 84.4%
Swelling-bleeding 1 0.3% 84.7%
Swelling-trismus 0 0.0% 84.7%
Trismus 0 0.0% 84.7%
No symptoms 46 15.3% 100.0%
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postoperative positioning and sensitivity.[32,33] However, 
these discrepancies may be due to differences in the 
subjective methods used to measure pain.

The widely used panoramic radiograph classification 
highlights signs suggesting proximity between the 
root apices and the mandibular canal, including root 
darkening, root deflection, root narrowing, a bifid root 
apex, mandibular canal deviation, canal narrowing, 
and canal disruption.[34] This proximity was significant 
in the present study, which aligns with the assertion that 
the risk of paresthesia due to IAN injury during the 
removal of the lower third molar is highly dependent 
on the anatomical relationship between the nerve and 
the tooth.

Most cases of paresthesia involve mesioangular 
teeth.[25,30,32] The etiology of postoperative pain and 
edema is complex and multifactorial, with no consensus 
on a single causal factor for these complications.[5,12,28] 
The contributing factors include the patient’s age and 
sex, smoking, poor oral hygiene, lack of postoperative 
care, the surgeon’s experience, surgical trauma, 
anatomical location, failure of aseptic technique, 
local anesthesia, alveolar curettage, deficient local 
blood supply, fibrinolysis, removal of clots, presence 
of infectious processes, and use of oral contraceptives. 
Edema is considered a normal postoperative response, 
usually peaking 2 to 3 days after surgery and then 
decreasing.[15,18,24,31]

In the present study, older patients presented a greater 
risk of postoperative complications, such as edema, 
which is consistent with previous findings. As bone 
elasticity and regenerative capacity are better at 
younger ages, complications are more likely to arise 
with advancing age.[2,31,32] Thus, evaluating the proximity 
of third molars to the IAN and assessing potential 
postoperative complications can minimize temporary 
and permanent damage, emphasizing the importance 
of radiographic or tomographic evaluation of this 
relationship. However, randomized clinical trials have 
not shown a significant reduction in IAN disturbances 
when CT is used compared with panoramic radiography 
for extractions.[22,27,35]

Future studies could investigate minimally invasive 
surgical approaches combined with planning techniques 

based on CBCT, which offer more precise visualization 
of the anatomical structures involved. The comparative 
analysis of the development of personalized imaging 
protocols with CBCT and minimally invasive surgical 
management, considering the results of the present 
study, could contribute to understanding the factors 
that reduce complications and improve the patient 
experience during third molar removal surgery. For 
patients with mesioangular or horizontal impacts 
identified via panoramic radiographs, clinicians should 
consider more conservative strategies to minimize 
trauma, such as coronectomy, which aims to preserve 
the roots of the tooth while avoiding the risk of IAN 
injury. Coronectomy has been shown to be effective in 
reducing nerve injuries, especially in patients at greater 
risk of complications, such as those with teeth in close 
proximity to the nerve. Additionally, preoperative 
counseling should be provided, explaining the increased 
risk of complications such as pain, swelling, infection, 
and alveolitis in these situations. For postoperative 
pain management, the use of more aggressive and 
personalized protocols, which may include stronger 
analgesics and anti-inflammatory drugs as needed 
to ensure patient comfort, is recommended. These 
strategies should be tailored on the basis of the surgical 
technique chosen, considering the position and 
proximity of the tooth to vital structures.[36]

Conclusion

The position of impacted mandibular third molars, 
particularly mesioangular and horizontal angulations, 
significantly influences the incidence of postoperative 
pain and swelling. These findings emphasize the 
importance of considering tooth position in surgical 
planning to minimize postoperative complications. 
Although panoramic radiography remains a valuable 
tool, especially in settings with limited resources, 
CBCT is recommended for complex cases or when 
close proximity to vital structures is suspected.
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version of the manuscript and are fully aware and 
prepared to provide any clarifications about the study.

Ethical approval and consent to participate

All eligible patients were fully informed about the 
blinded nature, potential risks and benefits of their 
participation in the study, and signed an informed 
consent form prepared in accordance with the updated 
guidelines of the Guideline for Good Clinical Practice 
E6 (R2). The study strictly followed the ethical 
principles established in the Declaration of Helsinki, 
guaranteeing the privacy and rights of participants at 
all stages of the study. This study was approved by the 
ethics committee under number 4,354,361.

Patient declaration of consent

Not applicable.

Data availability statement

Research data supporting this publication are available 
from the corresponding author upon request.
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