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Abstract: Background: Dental impaction requires careful consideration prior to extraction.
Factors influencing the decision to extract an impacted tooth include the depth of impaction,
proximity to vital structures, patient age, systemic conditions, and compliance. The erup-
tion of third molars often presents periodontal challenges for adjacent second molars, with
studies identifying a link between third molar presence and periodontal defects. Orthopan-
tomography (OPG) is the primary diagnostic tool, providing a low-radiation, quick, and
comprehensive view of the dental arches. Computed tomography (CT) offers additional
three-dimensional information for a more accurate anatomical evaluation. Objective: This
study aimed to evaluate the periodontal status of the lower second molar after lower third
molar extraction, considering both periodontal and orthodontic perspectives. Methods:
Conducted at the University of Modena and Reggio Emilia, this study evaluated changes
in the periodontal status of the lower second molar at least 12 months after lower third
molar extraction. A total of 53 patients meeting the inclusion criteria underwent surgical
extraction. Clinical and radiographic evaluations were performed, analyzing parameters
such as impaction type, angulation, and preoperative conditions. Results: The results
suggest reduced healing in cases involving horizontal impacted third molars, although
the small sample size limits statistical significance. These results align with the existing
literature emphasizing better healing outcomes in young individuals undergoing early
extraction. Conclusions: This pilot study highlights the periodontal implications of lower
third molar extraction and underscore the potential benefits of early intervention for certain
impaction types. Future research with larger sample sizes and a more detailed analy-
sis of complications could provide deeper insights into the periodontal and orthodontic
consequences of third molar management.

Keywords: dental impaction; periodontal evaluation; third molar extraction; orthopantomography;
periodontal healing

1. Introduction
The impaction of permanent teeth is a pathological condition where a tooth fails to

erupt into its functional position without intervention [1]. Among all teeth, third molars
are most commonly impacted [1–3]. Factors contributing to third molar impaction include
inadequate skeletal growth, macrodontia, delayed third molar development, and systemic
or local conditions such as cleidocranial dysplasia and Down’s syndrome [4,5]. Impaction

Appl. Sci. 2025, 15, 2834 https://doi.org/10.3390/app15052834

https://doi.org/10.3390/app15052834
https://doi.org/10.3390/app15052834
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-0195-141X
https://orcid.org/0000-0002-1166-2961
https://orcid.org/0000-0002-2933-8174
https://orcid.org/0009-0008-9207-5793
https://orcid.org/0000-0001-5557-3285
https://doi.org/10.3390/app15052834
https://www.mdpi.com/article/10.3390/app15052834?type=check_update&version=1


Appl. Sci. 2025, 15, 2834 2 of 14

is associated with complications like pericoronitis, dental caries, and cystic lesion, making
third molar extraction a routine procedure for Oral and Maxillofacial surgeons [6–8].

The impaction angle, representing the angle formed between the longitudinal axes of
the second and third molars, is commonly classified using Winter’s classification system [7].
Both maxillary and mandibular third molars, whether impacted or not, can be classified
using the Pell and Gregory classification system [5]. The eruption of third molars frequently
presents periodontal challenges for adjacent second molars, with studies identifying a link
between third molar presence and periodontal defects.

The decision to extract an impacted tooth requires a thorough assessment of alterna-
tives. Factors influencing this decision include the depth of impaction, proximity to vital
structures, patient age, systemic conditions, and compliance. Comprehensive clinical and
radiological evaluations are for informed decision-making. Proper preoperative planning,
supported by operator experience, minimizes unforeseen complications.

Orthopantomography (OPG) is the preferred imaging method for initial evaluation, of-
fering a panoramic view of dental arches and adjacent structures (Figure 1). OPG combines
low-radiation exposure with patient comfort. Computed tomography (CT) with specialized
software may provide three-dimensional analyses for more complex cases (Figure 2).

Cone beam computed tomography (CBCT) offers enhanced diagnostic capabilities,
particularly in evaluating the proximity of impacted molars to adjacent anatomical struc-
tures and predicting potential complications during and after surgery.

The eruption of the third molars occurs in a confined space and often results in food
impaction and plaque accumulation, increasing the periodontal vulnerability of adjacent
second molars. Multiple studies have documented periodontal damage associated with
asymptomatic third molars. A systematic review reported a 19% association between
third molar presence and early distal periodontal defects and a 52% association with deep
periodontal pockets [9].

Passarelli [10] observed significant reductions in distal pocket depth six months after
surgical extractions of third molars, alongside improvements in clinical parameters such as
Bleeding on Probing (BOP), Plaque Index (PI), and Gingival Index (GI). Given the potential
impact of lower third molar extraction on the periodontal health of the second molar, it is
crucial to identify factors influencing periodontal healing. These factors include patient
age, impaction type, surgical techniques, post-operative symptoms, and preoperative
periodontal status.
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Kugelberg et al. suggest that the third molars should be extracted before the age
of 25 in at-risk patients, as older age reduces the likelihood of complete recovery [11–14].
Younger patients demonstrate better bone healing and fewer complications, especially
when root apex maturation is incomplete [15,16]. A history of periodontitis, deep pockets,
and older age are recognized as independent risk factors for residual pockets ≥ 4 mm [9].

Regarding surgical technique, Groves & Moore [15] suggest that flap design has
minimal influence on bone loss distal to the second molar but may reduce residual distal
pocket depth. Authors like Stephens and Woolf et al. [16] propose that the choice of flap
design should favor maintaining periodontal health distal to the seventh molar. A 2023
systematic review suggests that a three-sided flap may slightly outperform an envelope
flap in reducing Probing Pocket Depth (PPD) after six months, with baseline PPD being the
strongest predictor of post-operative outcomes [17,18].

Impaction type and initial periodontal status also influence periodontal healing [18].
Factors such as the contact area between the second and third molars, their close proximity,
and the inclination of the second molar are correlated with bone and periodontal healing
post-extraction. According to Kan et al. [19], three major risk factors for residual periodontal
defects in the second molar are the presence of preoperative crestal radiolucency visible on
panoramic radiography, the level of impaction, and the presence of postoperative plaque.
Preoperative radiolucency as a predictor of residual bone defect was previously reported by
Kugelberg (1991b) [12], and Kan’s [19] study confirms this association. The mesioangular
inclination of the third molar inevitably creates a space between the second and third
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molars, promoting subgingival microbiota colonization, including periodontopathogen
bacteria [20].

Recent studies further elucidate these phenomena. Di Giovanni et al. [21] demon-
strated that orthodontic extraction of mandibular premolars might slightly accelerate root
development but does not significantly influence the angulation of lower third molars.
Similarly, Peña-Reyes et al. [22] found that Class I and II malocclusion extraction treatments
exhibited more favorable angulations and a greater number of erupted third molars com-
pared to non-extraction treatments. Non-extraction groups exhibited a higher percentage
of unerupted third molars.

Chopra et al. [23] leveraged artificial intelligence (AI) to predict lower third molar
eruption, finding a low incidence of fully erupted molars with hygienic cleanability, sup-
porting prophylactic extraction in certain cases. Furthermore, Puyén-Goicochea et al. [24]
identified impaction, prevention of pericoronitis, and stability post-treatment as key factors
favoring prophylactic extraction in orthodontic practice. Finally, Verma et al. [25] high-
lighted the correlation between lack of retromolar space, increased arch length discrepancy,
and mandibular incisor angulation with higher chances of third molar impaction in Class
II malocclusion patients.

The choice of surgical technique and pre-extraction periodontal preparation must
consider the patient’s clinical condition. Advanced periodontal surgical methods, such
as guided tissue regeneration or use of biomaterials, may improve healing outcomes and
reduce the risk of long-term defects. CBCT analysis plays a pivotal role in planning these
interventions, offering precise evaluations of bone and soft tissue conditions.

These findings underscore the need for a tailored approach to managing third molar
impactions, considering both clinical and patient-specific factors.

2. Materials and Methods
2.1. Study Objective

The aim of this study was to evaluate the periodontal condition of the second molar
following the extraction of the lower third molar. Previous research has suggested that
the risk of developing periodontal defects distal to the second molar can be minimized
with careful preoperative planning and appropriate selection of flap design, surgical instru-
ments, and sutures techniques. However, as noted by Kugelberg et al. in 1990 [26], other
factors may influence the periodontal health of the second molar following third molar
surgery [27–29]. This study aims to analyze changes in the periodontal status of the lower
second molar—both clinically and radiographically—at least 12 months after third molar
extraction. These findings are further analyzed in relation to presurgical conditions of the
third molar, including position, eruption level, and local complications.

2.2. Study Design

This study was designed and conducted at the School of Specialization in Oral Surgery,
University of Modena and Reggio Emilia, Italy. All clinical procedures were performed
following the Declaration of Helsinki and Good Clinical Practice Guidelines, and in-
formed consent was obtained from all participants. This is a retrospective and prospective
cohort study.

2.3. Inclusion and Exclusion Criteria
Inclusion Criteria

Patients aged 18 years or older who underwent surgical extraction of a lower third
molar, with the second molar present for evaluation.
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Follow-up clinical and radiographic evaluations performed at least 12 months
post-extraction.

Patients not pregnant or breastfeeding.
Absence of systemic diseases or conditions known to impair periodontal healing.
Availability of a readable panoramic radiograph (OPG) taken at last 12 months after

the surgical procedure.
No ongoing use of medications associated with gingival hyperplasia (phenytoin,

cyclosporine, nifedipine, etc.)

2.4. Exclusion Criteria

Patients who do not meet the inclusion criteria.
Loss of the second molar before the follow-up evaluation.

2.5. Presurgical Procedures

All patients underwent a detailed maxillofacial examination to classify the third molar
impaction using the Pell and Gregory (P and G) and Winter’s classifications (Figure 3).
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2.5.1. Level (P and G Classification, 1933)

Level A: Occlusal planes of the seventh and eighth are at approximately the same
level, indicating superficial inclusion, often mucosal only.

Level B: The eighth’s occlusal plane is between that of the seventh and its ameloce-
mental junction.

Level C: The eighth’s occlusal plane is entirely below the amelocemental junction of
the seventh.
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2.5.2. Class (P and G Classification, 1933)

Class I: The entire crown of the eighth is anterior to the anterior margin of the ascending
ramus of the mandible.

Class II: Approximately half of the crown is covered by the ascending ramus.
Class III: The crown is entirely covered by the ascending ramus.

2.5.3. Angulation (Winter’s Classification)

Vertical: Inclination between −10◦ and 10◦.
Mesioangular: Inclination between 10◦ and 80◦.
Distoangular: Inclination between −10◦ and −80◦.
Horizontal: Inclination between 80◦ and 100◦.

2.6. Surgical Procedures

All surgical procedures were performed by specialized oral surgery operators or res-
idents at the School of Specialization in Oral Surgery, University of Modena and Reggio
Emilia, Italy, between January 2019 and June 2020. The surgical site was anesthetized
using inferior alveolar nerve block with mepivacaine without adrenaline, combined with
pterygopalatine block using mepivacaine–epinephrine (1:100,000). After incision, a full-
thickness flap was raised, and under copious irrigation, osteotomy was performed to
expose the dental crown. Odontotomy, when necessary, was performed using a straight
or angled handpiece under abundant irrigation. Dental extraction was then performed
using straight and/or curved elevators and forceps. Thorough alveolar revision and
irrigation with saline solution were conducted to remove any residue from the alveo-
lar cavity. Finally, the flap was repositioned and stabilized with interrupted 4.0 PGA
sutures (Vicryl®, Johnson & Johnson Medical, New Brunswick, NJ, USA). Postoperative
prescriptions included antibiotics (amoxicillin + clavulanic acid, 1 g every 12 h for 6 days),
anti-inflammatories (ibuprofen, 600 mg every 8 h for 3 days), and oral antimicrobials
(rinsing with 0.20% chlorhexidine twice daily for 7 days). Alternative medications were
prescribed in case of allergies. Patients were informed about postoperative home care
procedures, provided both verbally and in writing on the medical report.

2.7. Postsurgical Procedures

Post-surgical procedures involved a follow-up visit 7 days post-surgery to assess
wound healing. Patients were then reviewed at 6 or 12 months to clinically and radio-
graphically reassess the extraction site. Besides the clinical examination, instrumental
examination involved periodontal probing distal to the second molar and an intraoral
radiograph with a Rinn-type holder.

2.8. Experimental Protocol
Completion of Standardized Form and Data Collection

Data collection from patients was performed by a single operator through the analysis
of selected patients’ clinical records. Specifically, panoramic radiographs were evaluated
to determine the degree of third molar impaction, as well as its level and inclination.
Patient sex, age at the time of extraction, and the time between surgery and follow-up were
recorded. All patients in the sample were invited to the university facility for a dental
check-up, where they underwent a brief questionnaire (to investigate various factors, such
as medication use or habits like smoking) and a periodontal probing.

2.9. Presurgical Radiographic Examination

The pre-operative panoramic radiograph of each patient was analyzed to identify the
level and class of third molar impaction. Particularly, in the presence of crestal radiolucency
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indicating crestal bone loss between the second and third molars, the distance between
the amelocemental junction of the seventh and the bone peak distal to the seventh was
measured in millimeters. Measurements referred to Kugelberg et al. (1985) [28] schema
(Figure 4), where the AC distance represents pocket depth, and the BD distance represents
intraosseous defect. The same measurement was performed on the mesial side of the
second molar to exclude pathological periodontal conditions and, therefore, exclude the
patient from the study.
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2.10. Clinical Examination/Periodontal Probing

Each patient underwent an instrumental examination through periodontal probing
with a calibrated UNC15 manual probe, used at a constant pressure [29]. Specifically,
probing pocket depth (PPD) and bleeding on probing (BoP) around the second molar were
assessed. PPD was measured as the distance between the free gingival margin and the
pocket bottom, in mm. Plaque presence was recorded through a dichotomous examination,
categorizing patients based on whether plaque was detectable or not. The presence of
carious lesions or conservative restorations on the distal surface of the second molar was
also evaluated. Patients who lost the second molar between third molar extraction and
follow-up were excluded from the study.

2.11. Postsurgical Radiographic Examination

As a complement to the instrumental examination, an intraoral radiograph with a
Rinn-type holder was analyzed at least 12 months after surgical intervention to assess bone
level and the prevalence and depth of intraosseous defects. As demonstrated by Kugelberg
et al. (1985) [28], the radiographic distortion between real and radiographic measurements
varies by 3–4%, considered negligible in subsequent analyses.

2.12. Statistical Analysis

Statistical analysis was performed using STATA® software version 17 (StataCorp. 2021.
Stata Statistical Software: Release 17. College Station, TX, USA: StataCorp LLC). Descriptive
statistics were summarizing baseline demographic and clinical characteristics for the entire
study sample, including variables related to tooth angulation. Continuous variables were
presented as the number of patients (N), mean, standard deviation (SD), minimum (min),
and maximum (max) and compared between subgroups using both paired and unpaired
Student’s t-tests; while categorical variables were presented as frequency (N, percentage
[%]) and compared using a Pearson’s chi-squared test. To evaluate differences among the
various tooth angulation groups, an analysis of variance (ANOVA) was applied. A p-value
of <0.05 was considered statistically significant for all analysis.
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3. Results
A total of 109 third molars were extracted at the University Dental Clinic of the Poli-

clinic of Modena between 1 January 2019 and 31 December 2020. Of these, 56 third molars
were excluded for not meeting the inclusion criteria. Specifically, 3 patients were pregnant,
14 patients lacked retrievable pre-operative panoramic radiographs, and 39 patients were
unavailable for follow-up examination and questionnaire completion.

The final analysis included 29 patients (18 females, 62.1), accounting for 53 lower
third molars. Female participants were more prevalent in the Mesial-Inclined and Vertical
groups, whereas the Horizontal group had a higher proportion of male participants. Par-
ticipants’ ages ranged from 18 to 49 years, with an average age at the time of extraction
of 25.1 ± 5.8 years. The mean age was similar across groups. Smoking habits showed
no statistically significant impact on outcomes, with 14 participants (48.3%) identified
as smokers. No significant differences in periodontal probing depth (PPD) levels were
observed between smokers and non-smokers (Table 1).

Table 1. Demographic characteristics of included patients and angular position of teeth.

Total (n = 29) Mesioangular
(n = 22, 41.5%)

Horizontal
(n = 10, 18.9%)

Vertical
(n = 21, 39.6%) p-Value

Gender
Female 18 (62.1) 9 (75.0) 2 (33.3) 7 (63.6) 0.227
Male 11 (37.9) 3 (25.0) 4 (66.7) 4 (36.4)

Smoking 14 (48.3) 5 (41.7) 4 (66.7) 5 (45.5) 0.589

Age, Mean ± SD 25.9 ± 6.6 27.0 ± 9.1 25.1 ± 3.5 25.4 ± 5.0 0.812
(range) (18.0–49.2) (18.2–49.2) (21.1–29.7) (18.2–34.2)

The third molars were classified by inclination: 22 (41.5%) as mesioangular, 10 (18.9%)
as horizontal, and 21 (39.6%) as vertical (Table 2). Analysis of PPD and clinical attachment
level (CAL) values aimed to evaluate the influence of tooth inclination on post-operative
healing. The position in the tooth in the dental arch (right or left) did not significantly affect
the outcomes (Table 2)

Table 2. The distribution of clinic characteristics of subjects according to the total number of impacted
third molars and angular position of teeth.

Total (n = 53) Mesioangular
(n = 22, 41.5%)

Horizontal
(n = 10, 18.9%)

Vertical
(n = 21, 39.6%)

Teeth
38 28 (52.8) 12 (54.5) 6 (60.0) 10 (47.6) 0.794
48 25 (47.2) 10 (45.5) 4 (40.0) 11 (52.4)

P and G
A 20 (37.7) 1 (4.5) 3 (30.0) 16 (76.2) <0.001
B 24 (45.3) 15 (68.2) 4 (40.0) 5 (23.8)
C 7 (13.2) 4 (18.2) 3 (30.0) 0 (0.0)

P and G
I 14 (26.4) 5 (22.7) 4 (40.0) 5 (23.8) 0.034
II 30 (56.6) 13 (59.1) 2 (20.0) 15 (71.4)
III 7 (13.2) 2 (9.1) 4 (40.0) 1 (4.8)

POD VIII,
Mean ± SD (range) 4.4 ± 2.4 (1–9) 5.3 ± 2.1 (2–9) * 6.4 ± 1.9 (4–9) 2.5 ± 1.4 (1–6.9) ◦ <0.001
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Table 2. Cont.

Total (n = 53) Mesioangular
(n = 22, 41.5%)

Horizontal
(n = 10, 18.9%)

Vertical
(n = 21, 39.6%)

POD VIII
<4 24 (45.3) 7 (31.8) 0 (0.0) 17 (81.0) <0.001
≥4 29 (54.7) 15 (68.2) 8 (80.0) 4 (19.0)

M-D VII,
Mean ± SD (range)

11.8 ± 0.7
(10.5–13.5)

11.9 ± 0.6
(10.5–13)

11.8 ± 0.6
(11–13)

11.6 ± 0.5
(11–13) 0.355

Flap, envelope 53 (100) 22 (100) 10 (100) 21 (100)

Hygiene
Good 36 (67.9) 17 (77.3) 6 (60.0) 13 (61.9) 0.468
Poor 17 (32.1) 5 (22.7) 4 (40.0) 8 (38.1)

Follow up, Mean
(months) ± SD
(range)

28 ± 16.9 (2–73) 30.3 ± 22.0
(3–73)

26.1 ± 13.2
(9–41)

26.7 ± 12.3
(2–40) 0.765

POD VII RX,
Mean ± SD (range) 1.8 ± 0.9 (0.5–5) 1.9 ± 1.2 (1–5) * 2.3 ± 0.8 (1–4) 1.4 ± 0.5 (0.5–2) 0.054

D, Mean ± SD
(range) 3.5 ± 1.0 (2–6) 3.6 ± 0.8 (3–5) 4.1 ± 1.3 (2–6) 3.4 ± 0.9 (2–5) 0.234

DV, Mean ± SD
(range) 2.9 ± 0.8 (1–6) 3.2 ± 0.9 (2–6) 3.1 ± 0.9 (2–4) 2.6 ± 0.6 (1–4) 0.090

DL, Mean ± SD
(range) 3.1 ± 0.8 (2–5) 3.5 ± 0.7 (2–5) 2.7 ± 0.8 (2–4) 2.9 ± 0.8 (2–5) 0.032

Complications 8 (15.1) 4 (18.2) 1 (10.0) 3 (14.3) 0.852
p < 0.05. * Mesioangular vs. Horizontal ◦ Horizontal vs. Vertical, 38: Left mandibular third molar, 48: Right
mandibular third molar, POD VIII-POD VII: Distal bone peak at the eight or seventh, M-D VII: Mesiodistal
distance measured, D: Depth, DV: Distal Vertical measurement, DL: Distal Lateral measurement.

Pell and Gregory classification (P and G): Group A included a higher proportion of
mesioangular third molars, while Group B was more common in the Horizontal group.
Group C was exclusive to the Mesial-Inclined group. An association was observed between
the Pell and Gregory classification and inclination, with mesioangular and horizontal teeth
predominantly in Classes B and C, indicating greater impaction depth. Most cases were
classified as Level II, suggesting that the tooth was unable to fully erupt into the arch
(Table 2).

Pre-operative panoramic radiographs revealed significantly higher distal bone peak
(POD) values in mesioangular (5.3 ± 2.1 mm) and horizontal (6.4 ± 1.9 mm) third molars
compared to vertical molars (2.5 ± 1.4 mm). However, mesial bone measurements adjacent
to the second molar did not significantly influence post-operative outcomes. Post-operative
residual distal bone peaks (POD) were highest in the Horizontal group (2.3 ± 0.8 mm),
followed by Mesioangular (1.9 ± 1.2 mm) and Vertical (1.4 ± 0.5 mm) groups, though
these differences were not statistically significant. Similarly, residual probing depth tended
to be greater in the Horizontal group, although differences between groups were not
statistically significant.

Oral hygiene levels, as assessed by the O’Leary Index, revealed that 67.9% of partici-
pants maintained good hygiene (PI < 20%), with no significant differences between groups.
The average follow-up period was 28 ± 16.9 months, with no significant differences across
inclination groups (Table 2).
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The surgical technique (envelope flap) was consistently applied to all cases, minimiz-
ing variability due to flap design. Immediate post-operative complications during the first
week were observed in eight cases (15.1%) but did not differ significantly across groups.

4. Discussion
This study examines periodontal conditions distal to the lower second molar at least

12 months after surgical extraction of the lower third molars. Although third molar ex-
traction is often not recommended in asymptomatic cases, our findings highlight that
periodontal issues affecting the adjacent second molar may remain silent for a long time,
potentially compromising its health and survival.

One objective of this study was to assess the prevalence and severity of these peri-
odontal issues and identify influencing factors. This information is critical for determining
whether third molar extraction is warranted. Preventive extraction of mandibular third
molars is commonly performed to mitigate risks such as periodontal damage to the second
molar, root resorption, distal caries, and orthodontic considerations. Additional reasons
include the potential for pathological follicular evolution (e.g., cysts formation), increased
risk of mandibular angle fracture, and greater surgical difficulty with advancing age [30].

The imaging modalities used, orthopantomography (OPG) and cone beam computed
tomography (CBCT), represent standard practices for assessing third molar impactions
and their associated periodontal impacts. OPG provides a convenient and low-radiation
panoramic view, CBCT offers enhanced three-dimensional imaging crucial for evaluating
anatomical proximity and predicting surgical complications. However, these methods
have limitations, such as OPG’s two-dimensional representation and CBCT radiation
exposure [30].

Emerging imaging technologies, as highlighted in the recent literature, including Yan
et al. [30], demonstrate significant advancements that could complement these traditional
methods. Optical biosensing systems, such as fluorescence and surface-enhanced Raman
scattering (SERS)-based imaging, provide molecular-level insights that can identify early
inflammatory changes or bacterial colonization distal to the second molar. Unlike CBCT,
these systems offer real-time diagnostics with high specificity and sensitivity, reducing
reliance on radiation-based methods.

Comparative analysis underscores a key trade-off: while OPG and CBCT are indis-
pensable for structural assessments, integrating next-generation technologies like opti-
cal biosensing could enhance diagnostic precision by detecting biological and molecular
changes. This integration could optimize clinical decision-making, particularly in identify-
ing at-risk second molars post-extraction. Future studies should focus on hybrid approaches
that leverage the strengths of both traditional and advanced imaging technologies, paving
the way for more comprehensive periodontal evaluations and improved patient outcomes.

Guidelines from the German Society of Dental, Oral, and Maxillofacial Medicine
(DGZMK) emphasize the link between untreated third molars and periodontal damage in
second molars [31]. Consistent with these guidelines, our findings suggest that periodontal
complications, especially in high-risk horizontal and mesioangular impactions, warrant
early surgical intervention

This study grouped clinical cases based on the preoperative inclination of the third
molar, as classified by Winter’s system, to investigate differences in periodontal healing
among mesioangular, horizontal, and vertical impactions.

The findings suggest that age, distributed uniformly across groups (predominantly
under 25 years), did not significantly affect outcomes. This is consistent with previous
research by Kugelberg et al. [11], which found that surgical extraction of third molars in
younger patients (<25 years) resulted in better healing over time, with reduced probing-
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pocket depths (PPDs) and improved distal bone peaks (POD). The depth of impaction
and initial bone density also emerged as critical factors in post-extraction healing [32].
Fully impacted teeth often create a unilateral bony defect, while semi-impacted or partially
erupted teeth may result in bone loss of two walls (coronal and buccal). These anatomical
features, particularly the proximity between the second and third molars, are associated
with greater bone loss distal to the second molar [33].

In our study, distal bone peaks (POD) were significantly lower in horizontal and
mesioangular impactions than in vertical ones. This finding aligns with our study, where
the distal bone peak (POD) to the second molar was significantly lower in horizontal and
mesioangular third molars compared to vertical ones. Clinically, this translates into greater
probing-depth distal (PPD) and reduced clinical attachment level (CAL) to the second
molar in horizontal and mesioangular cases. This is consistent with findings by Petsos
et al. [34], who suggested that the preventive extraction of asymptomatic third molars with
PPD ≥ 4 mm may improve periodontal health in young patients.

Plaque control is another essential factor influencing healing. Although the plaque
index values recorded at follow-up did not differ significantly between groups, effective
plaque management is necessary to support optimal healing and prevent infections or bone
loss [35].

Our results also indicated a trend toward less favorable healing in horizontal third
molars, with higher residual PPD and reduced bone healing compared to other groups.
While these differences were not statistically significant—likely due to the limited sample
size—they suggest an area for further investigation. Despite this trend, the maximum
observed PPD distal to second molars did not exceed 6 mm, which, although pathological
according to guidelines, represented a significant improvement compared to preoperative
levels. Overall, the alveolar bone height improved postoperatively, though sites with
deeper mesioangular and horizontal impactions remained at greater risk of developing
residual bone defects, as supported by Singh et al. [36].

Postoperative complications were not significantly associated with changes in PPD
or CAL values across the three groups. However, the slight increase in complications
in vertical impactions warrants further exploration. Additionally, the role of meticulous
postoperative plaque control in mitigating tissue susceptibility to infections and bone loss
should not be underestimated.

These findings underscore the importance of individualized treatment planning for
third molar management. Tailoring the surgical approach to account for patient-specific
factors—such as age, impaction type, and preoperative periodontal conditions—can en-
hance outcomes and reduce the risk of long-term complications.

5. Conclusions
This study provides valuable insights into periodontal conditions distal to the second

molar following lower third molar extraction, addressing an area of limited research.
Despite the pilot nature of this study and its small sample size, the findings align with the
existing literature and offer meaningful directions for future investigation.

Our results underscore the significant impact of lower third molar extraction on the
periodontal health of adjacent second molars. Specifically, mesioangular and horizontal
impactions were associated with greater risk of periodontal damage, including deeper
probing-pocket depths (PPDs) and lower distal bone peaks (POD), compared to vertical
impactions. Younger patients demonstrated superior healing outcomes, further supporting
the rationale for early intervention strategies.

These findings emphasize the importance of individualized treatment planning, which
accounts for factors such as impaction type, anatomical conditions, and preoperative
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periodontal health. Preventive extraction in high-risk cases, particularly for mesioangular
and horizontal impactions, may help optimize long-term periodontal outcomes and protect
the adjacent second molars.

Expanding the study sample size to at least 100 participants would increase statisti-
cal power, allowing for more definitive conclusions regarding the relationship between
impaction type and post-extraction healing. This would also help to confirm trends ob-
served in this study, such as differences in periodontal and bone healing among various
impaction types.

Future research should incorporate advanced imaging modalities, such as cone-beam
computed tomography (CBCT) and surface-enhanced Raman scattering (SERS)-based tech-
niques, to improve diagnostic precision and provide a more comprehensive understanding
of healing dynamics. Additionally, exploring the use of adjunctive therapies, including
guided tissue regeneration and biomaterials, may enhance postoperative outcomes.

Epidemiological factors, such as angle classification, deserve further exploration to
clarify their role in predicting periodontal health outcomes following third molar extrac-
tions. Similarly, studies are needed to investigate the causal relationship between third
molar inclination and postoperative complications, as well as the impact of effective plaque
control strategies on healing outcomes.

Ultimately, this study highlights the need for a tailored approach to third molar man-
agement. By considering patient-specific factors, such as impaction type and anatomical
conditions, clinicians can optimize treatment planning to safeguard the periodontal health
of second molars and achieve improved overall outcomes.
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