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Abstract
Background: Mandibular third molars are often evaluated during orthodontic diagnosis because their eruption or impaction can be influenced by the retromolar space and mandibular morphology. Objectives: This study aimed to assess mandibular third molar impaction patterns across skeletal malocclusion classes among Iraqi orthodontic patients using pretreatment panoramic and cephalometric records. Methods: This retrospective panoramic-cephalometric study included 270 orthodontic patients and 540 mandibular third molar sites. The skeletal class was determined using the ANB angle and categorized as Class I, II, or III. Mandibular third molar status was recorded as impacted, erupted, missing, or extracted. Impacted teeth were classified according to Winter’s and Pell and Gregory classifications. Associations were assessed using chi-square tests or the Fisher-Freeman-Halton exact test with Monte Carlo estimation, as appropriate. Age differences were evaluated using Welch’s t test and the Mann-Whitney U test. Results: Mandibular third molar impaction was present in 146 patients. Impaction status was significantly associated with skeletal class, with the highest frequency in Class II (63.2%) and the lowest in Class III (41.4%). Impaction pattern was also significantly associated with skeletal class. Mesioangular impaction was the most common Winter's pattern (67.0%), but Winter’s classification was not significantly associated with skeletal class. The Pell and Gregory level and the Pell and Gregory class were not significantly associated with skeletal classes. Conclusions: Mandibular third molar impaction was associated with skeletal malocclusion class, particularly Class II. Panoramic and cephalometric assessment may support orthodontic pretreatment evaluation.
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التقييم التقويمي لأنماط انطمار أضراس العقل السفلية عبر أصناف سوء الإطباق الهيكلي: دراسة استعادية بانورامية-سيفالومترية
الخلاصة 
الخلفية: تُقيَّم أضراس العقل السفلية بصورة شائعة أثناء التشخيص التقويمي، إذ قد يتأثر بزوغها أو انطمارها بالمسافة خلف الضرس وبمورفولوجية الفك السفلي.. الهدف: تقييم أنماط انطمار أضراس العقل السفلية عبر أصناف سوء الإطباق الهيكلي لدى مرضى التقويم العراقيين باستخدام السجلات البانورامية والسيفالومترية قبل العلاج..الطرائق: : شملت هذه الدراسة الاستعادية البانورامية-السيفالومترية 270 مريض تقويم و540 موقعًا لضرس عقل سفلي. حُدد الصنف الهيكلي باستخدام زاوية ANB وصُنّف إلى الصنف الأول أو الثاني أو الثالث. سُجلت حالة ضرس العقل السفلي بوصفه منطمرًا أو بازغًا أو مفقودًا أو مقلوعًا. وصُنفت الأسنان المنطمرة وفق تصنيفي Winter وPell and Gregory. قُيّمت الارتباطات باستخدام اختبارات كاي تربيع، فيما قُيّمت فروق العمر باستخدام اختبار Welch t واختبار Mann Whitney U. النتائج: وُجد انطمار ضرس العقل السفلي لدى 146 مريضًا (54.1%). ارتبطت حالة الانطمار بشكل ذي دلالة إحصائية بالصنف الهيكلي (p=0.024)، وكانت أعلى نسبة في الصنف الثاني (63.2%) وأدناها في الصنف الثالث (41.4%). كما ارتبط نمط الانطمار بالصنف الهيكلي بصورة ذات دلالة إحصائية (p=0.04). كان الانطمار الأنسي الزاوية هو النمط الأكثر شيوعًا وفق تصنيف Winter (67.0%)، لكن تصنيف Winter لم يرتبط بصورة ذات دلالة إحصائية بالصنف الهيكلي (p=0.831). ولم يرتبط مستوى Pell and Gregory بالصنف الهيكلي بصورة ذات دلالة إحصائية (p=0.880)، في حين لم يُظهر صنف Pell and Gregory ارتباطًا ذا دلالة إحصائية بالصنف الهيكلي (p≈0.196) الاستنتاجات: ارتبط انطمار ضرس العقل السفلي بصنف سوء الإطباق الهيكلي، لا سيما الصنف الثاني. قد يدعم التقييم البانورامي والسيفالومتري تقييم ما قبل العلاج التقويمي.
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INTRODUCTION
Mandibular third molars are frequently evaluated during orthodontic diagnosis because of their variable eruption timing, unpredictable eruption pathway, and close relationship with the posterior limit of the mandibular dental arch. However, their position may also be important when developing a treatment plan based on measurements of intermandibular distance (posterior distance, molar relationship, and mandibular growth) and guiding long-term dental follow-up [1,2]. The eruption of the mandibular third molars is influenced by various anatomical and developmental factors, such as the distance behind the molar, the growth pattern of the mandible, ramus remodeling, tooth angle, and spatial relationship between the mandibular third and second molars. Insufficient space between the distal surface of the mandibular second molar and the anterior margin of the ramus can impede its normal eruption and contribute to impaction [3-5]. Impaction of the mandibular third molar is described radiographically with regard to its angulation, depth, and ramus relation, using Winter's classification for angulation and Pell and Gregory's classification for depth and ramus relation [6-8], both of which are still widely used in modern radiographic and artificial intelligence-based studies [6-8]. Skeletal malocclusion is a key part of orthodontic diagnosis. The skeletal relationship between Class I, II, and III is unchanged sagittally yet can differ in factors such as lateral mandibular length, position of the mandible to the maxilla (anterior or posterior), ramal morphology, and posterior arch widths. These anatomical differences may influence the area of the retromolar space and, consequently, the likelihood of eruption or impaction of the mandibular third molar. Previous studies have indicated that the area of the mandibular third molar may vary according to skeletal patterns [4]. In addition, recent large-scale radiographic evidence reveals that the prevalence and pattern of third wisdom tooth impaction may vary according to the characteristics of the populations being assessed (e.g., epidemiological studies) or the methods used to assess clinical manifestations (e.g., retrospective studies) [8-11]. While various studies [8-11] have been done in different populations on the correlating mechanism of mandibular third molar impaction and skeletal malocclusion classes, little is known in Iraqi orthodontic patients. Previous Iraqi orthodontic studies have reported dental developmental anomalies and impaction-related findings in local clinical samples, including impacted canines, tooth agenesis, and transposition [12-14]. However, mandibular third molar impaction patterns across skeletal malocclusion classes using combined panoramic and cephalometric assessment remain insufficiently investigated. Therefore, this study aimed to assess mandibular third molar impaction patterns across skeletal malocclusion classes among Iraqi orthodontic patients.
METHODS
Study design and setting
This retrospective cross-sectional panoramic-cephalometric study was conducted using archived pretreatment orthodontic records obtained from a private orthodontic clinic in Iraq. The study included Iraqi orthodontic patients aged 18 to 35 years who had available panoramic radiographs and lateral cephalometric records before orthodontic treatment. After excluding records with unknown or unclear essential variables, the final sample consisted of 270 orthodontic patients and 540 mandibular third molar sites.
Inclusion criteria
Patients were included if they had high-quality pretreatment panoramic radiographs, pretreatment lateral cephalometric records or cephalometric analysis, clear visualization of both mandibular third molar regions, available age and gender data, and skeletal classification.
Exclusion criteria
Patients were excluded if they had poor-quality radiographs, incomplete records, previous orthodontic treatment, orthognathic surgery, craniofacial syndromes, cleft lip and palate, mandibular posterior pathology or trauma, missing mandibular second molars, or unclear essential variables.
Outcome measurements
Sagittal skeletal class was determined from pretreatment cephalometric records using the ANB angle, which remains a commonly used sagittal skeletal assessment parameter in orthodontic diagnosis [2]. Patients were classified as skeletal Class I when ANB was 0° to 4°, skeletal Class II when ANB was greater than 4°, and skeletal Class III when ANB was less than 0°. Panoramic radiographs were used to assess the status of right and left mandibular third molars. Each mandibular third molar site was recorded as impacted, erupted, missing, or extracted. A mandibular third molar was considered impacted when it failed to erupt into the normal occlusal plane because of bone, soft tissue, or the distal surface of the mandibular second molar. At the patient level, impaction was classified as no impaction, unilateral impaction, or bilateral impaction. For impacted mandibular third molars, angulation was classified using Winter’s classification as vertical, mesioangular, distoangular, or horizontal. Depth and ramus relationship were recorded using the Pell and Gregory classification as Level A, B, or C and Class I, II, or III. For each classification system, analyses were performed using teeth with available classification records. Consequently, the number of teeth included in the Winter’s and Pell and Gregory classification analyses differed from the total number of impacted mandibular third molars. Teeth without a recorded classification were excluded only from the corresponding classification analysis and remained included in the overall impaction assessment. These classifications remain widely used in contemporary radiographic assessment of mandibular third molar impaction [6-8].
Ethical considerations
This study was based on anonymized archived orthodontic and radiographic records. No direct patient contact or intervention was carried out. The data were coded with no identifiable patient information to maintain confidentiality.
Statistical analysis
Data were entered into Microsoft Excel and analyzed using IBM SPSS Statistics, version 22.0 (IBM Corp., Armonk, NY, USA). Descriptive data were presented as frequencies and percentages for categorical variables and the mean and standard deviation for age. Associations between skeletal class and impaction status, impaction pattern, Winter classification, and Pell and Gregory classification were assessed using the chi-square test. For contingency tables in which the assumptions of Pearson’s chi-square test were not satisfied because of sparse expected cell frequencies, the Fisher-Freeman-Halton exact test with Monte Carlo estimation was used. The Welch t-test and the Mann-Whitney U test were used to determine age differences between patients with and without impaction. Statistical significance was set at p< 0.05.
RESULTS
The final analysis included 270 orthodontic patients and 540 mandibular third molar sites. The sample consisted of 68 males (25.2%) and 202 females (74.8%). Skeletal Class I represented 113 patients (41.9%), Class II 87 patients (32.2%), and Class III 70 patients (25.9%) (Table 1). 
Table 1: Demographic and skeletal characteristics of the study sample
	Variable
	Category
	n(%)

	Gender 
	Male
	68(25.2)

	
	Female
	202(74.8)

	Skeletal class
	Class I
	113(41.9)

	
	Class II
	87(32.2)

	
	Class III
	70(25.9)

	Total
	
	270(100)



At the patient level, mandibular third molar impaction was present in 146 patients (54.1%), while 124 patients (45.9%) had no impaction. Unilateral impaction was observed in 56 patients (20.7%), whereas 90 patients (33.3%) had bilateral impaction. At the tooth level, 236 of 540 mandibular third molars (43.7%) were impacted, 228 (42.2%) erupted, 56 (10.4%) were missing, and 20 (3.7%) were extracted (Table 2). 
Table 2: Distribution of mandibular third molar status and impaction pattern
	Level
	Category
	n(%)

	Patient-level impaction
	No impaction
	124(45.9)

	
	Impaction
	146(54.1)

	Patient-level pattern
	No impaction
	124(45.9)

	
	Unilateral impaction
	56(20.7)

	
	Bilateral impaction
	90(33.3)

	Tooth-level status
	Impacted
	236(43.7)

	
	Erupted
	228(42.2)

	
	Missing
	56(10.4)

	
	Extracted
	20(3.7)



The distribution of mandibular third molar impaction pattern differed significantly across skeletal classes, χ²= 10.048, df= 4, p= 0.040. Bilateral impaction was highest in skeletal Class II (37/87, 42.5%), followed by Class I (39/113, 34.5%) and Class III (14/70, 20.0%). When impaction was analyzed as present or absent, it was also significantly associated with skeletal class, χ²= 7.465, df= 2, p= 0.024, with the highest frequency in Class II 63.2% and the lowest in Class III 41.4% (Table 3). 

Table 3: Association between skeletal class and mandibular third molar impaction pattern
	Skeletal class
	No impaction
	Unilateral
	Bilateral
	Total
	p-value

	Class I
	51(45.1)
	23(20.4)
	39(34.5)
	113
	0.040

	Class II
	32(36.8)
	18(20.7)
	37(42.5)
	87
	

	Class III
	41(58.6)
	15(21.4)
	14(20.0)
	70
	

	Total
	124(45.9)
	56(20.7)
	90(33.3)
	270
	


Values are presented as frequency and percentage. For impaction status as present or absent, χ² = 7.465, df = 2, p= 0.024.

Among impacted mandibular third molars with available Winter’s classification, mesioangular impaction was the most common pattern, 148/221, 67.0%, followed by vertical 44/221, 19.9%; horizontal 27/221, 12.2%; and distoangular 2/221, 0.9%. Winter’s classification was not significantly associated with skeletal class, p= 0.831. Pell and Gregory level was also not significantly associated with skeletal class, p= 0.880. Level A and Level B were equally frequent, each observed in 88 teeth (37.4%), followed by Level C in 59 teeth, 25.1% (Table 4). Pell and Gregory Class II was the most frequently observed category across all three skeletal classes. However, the association between sagittal skeletal classification and the Pell and Gregory ramus class was not statistically significant (Fisher-Freeman-Halton exact test with Monte Carlo estimation, p~ 0.196; Table 5). At the tooth level, the distribution of mandibular third molar status varied across skeletal classes (Table 6; Figure 1). Impacted teeth accounted for 101/226 sites (44.7%) in skeletal Class I, 92/174 (52.9%) in Class II, and 43/140 (30.7%) in Class III. Erupted teeth were most common in Class III (73/140, 52.1%). Gender was not significantly associated with mandibular third molar impaction status (p= 0.721). Impaction was observed in 35 of 68 males (51.5%) and 111 of 202 females (55.0%). However, patients with mandibular third molar impaction were significantly younger than those without impaction, with mean ages of 21.53 ± 4.65 years and 25.40 ± 6.00 years, respectively (p< 0.001).
DISCUSSION
This study assessed mandibular third molar impaction patterns in relation to skeletal malocclusion classes among Iraqi orthodontic patients. The main finding was that mandibular third molar impaction was significantly associated with skeletal class, with the highest frequency in skeletal Class II and the lowest in skeletal Class III. Bilateral impaction was also most frequent among Class II patients. The higher frequency of mandibular third molar impaction in skeletal Class II patients may be attributed to anatomical characteristics commonly associated with this skeletal pattern, such as reduced mandibular length, posterior mandibular position, and limited retromolar space. These factors may restrict the eruption pathway of mandibular third molars. Previous studies have shown that mandibular third molar space varies among anteroposterior skeletal patterns and may be associated with impaction risk [4]. Recent evidence further substantiates the impact of sagittal skeletal patterns on variations in retromolar space and the conditions for the eruption of mandibular third molars [5]. From an orthodontic perspective, this finding supports careful pretreatment assessment of mandibular third molars in skeletal Class II patients, particularly when posterior arch space and molar relationship are important in treatment planning. Skeletal Class III patients showed the lowest frequency of impaction, possibly due to relatively greater mandibular length or more favorable posterior mandibular space in some cases.

Table 4: Winter’s classification and Pell and Gregory level across skeletal classes
	Classification
	Category
	Class I
	Class II
	Class III
	Total
	p-value

	Winter’s classification
	Vertical
	17(19.5)
	20(22)
	7(16.3)
	44(19.9)
	0.831

	
	Mesioangular
	58(66.7)
	57(62.6)
	33(76.7)
	148(67)
	

	
	Distoangular
	1(1.1)
	1(1.1)
	0(0.0)
	2(0.9)
	

	
	Horizontal
	11(12.6)
	13(14.3)
	3(7.0)
	27(12.2)
	

	Pell & Gregory level
	Level A
	33(37.5)
	36(36.7)
	19(38.8)
	88(37.4)
	0.880

	
	Level B
	35(39.8)
	34(34.7)
	19(38.8)
	88(37.4)
	

	
	Level C
	20(22.7)
	28(28.6)
	11(22.4)
	59(25.1)
	


Note: Values are presented as frequencies and percentages. Of 236 impacted teeth, Winter’s classification was available for 221 and Pell and Gregory level for 235; teeth with missing classifications were excluded from the respective analyses. Fisher–Freeman–Halton exact test with Monte Carlo estimation was used for Winter’s classification, and Pearson’s chi-square test for Pell and Gregory level.
Table 5: Pell and Gregory class across skeletal classes
	Pell & Gregory class
	Skeletal Class I
	Skeletal Class II
	Skeletal Class III
	Total

	Class I
	2(2.5)
	6(6.1)
	2(5.4)
	10(4.7)

	Class II
	78 (97.5)
	90(91.8)
	33(89.2)
	201(93.5)

	Class III
	0(0.0)
	2(2.0)
	2(5.4)
	4(1.9)

	Total
	80(100)
	98(100)
	37 (100)
	215(100)


Note: Values are presented as frequencies and percentages. Of 236 impacted teeth, 215 had available Pell and Gregory ramus class data; the remaining 21 were excluded from this analysis due to unavailable classification records. The FisherFreemanHalton exact test with Monte Carlo estimation was used due to sparse expected cell frequencies (p~ 0.196).
Table 6: Tooth-level distribution of mandibular third molar status across sagittal skeletal classes.
	Tooth status
	Skeletal Class I
(n=226)
	Skeletal Class II
(n=174)
	Skeletal Class III
(n=140)
	Total
(n=540)

	Impacted
	101(44.7)
	92(52.9)
	43(30.7)
	236(43.7)

	Erupted
	90(39.8)
	65(37.4)
	73(52.1)
	228(42.2)

	Missing
	27(11.9)
	10(5.7)
	19(13.6)
	56(10.4)

	Extracted
	8(3.5)
	7(4.0)
	5(3.6)
	20(3.7)

	Total
	226(100)
	174(100)
	140(100)
	540(100)


Note: Data are presented as n(%). Each patient contributes two mandibular third molar sites; the unit of analysis is the tooth/site. Percentages may not sum to 100% because of rounding.
[image: ]
Figure 1: Tooth-level mandibular third molar status across sagittal skeletal classes. Three pie charts illustrate the proportions of impacted, erupted, missing, and extracted mandibular third molars within skeletal Classes I, II, and III. The corresponding numbers of tooth sites were 226, 174, and 140, respectively. 
However, this interpretation should be cautious because Class III malocclusion is heterogeneous; therefore, the present findings should be interpreted as associations rather than causal relationships. Mesioangular impaction was the predominant pattern according to Winter’s classification. This may indicate that the mandibular third molars grow at an anterior angle and are likely to remain impacted if retrodental space is limited. Previous and current studies have highlighted the role of retrodental space and sagittal skeletal morphology in the conditions of mandibular third molar eruption [4,5]. However, Winter’s classification was not significantly associated with skeletal class, suggesting that skeletal class may be more closely related to the occurrence of impaction than to its angulation pattern. Similarly, a statistically insignificant association was observed between skeletal class and Pell and Gregory level, suggesting that vertical impaction depth may be weakly related to sagittal skeletal relationships. Other factors, such as eruption timing, tooth size, follicular position, ascending ramus remodeling, and posterior arch conditions, may contribute to vertical impaction depth. Pell and Gregory's ramus class was also not significantly associated with skeletal class, so the present findings suggest a lack of evidence of a relationship between sagittal skeletal pattern and available retromolar space. Gender was not significantly associated with impaction; however, females made up the majority of the sample. Patients who experienced impaction were younger than those who were free of it. This likely represents either age-related changes in eruption or extraction patterns or variance in attendance. The results provide clinical support for incorporating mandibular third molar assessments into orthodontic pretreatment evaluations, especially for those with skeletal Class II. On the contrary, the findings do not warrant routine extraction on the grounds of skeletal class alone. However, management should be tailored to the symptomatology, pathology, eruption potential, space availability, tooth angulation, periodontal condition, and orthodontic treatment requirements [1,2,15,16]. 
Study Limitations
This study has few limitations. The most significant of these is its retrospective radiographic design, which prevents the drawing of causal inferences. Distortion or overlap is more likely due to the two-dimensional assessment in panoramic radiographs. The sample consisted of orthodontic patients and may not reflect the true population in Iraq. Furthermore, the gender distribution was uneven, and some dental level classifications lacked data. Therefore, it is necessary to conduct future multicenter studies, based on cone beam computed tomography (CBCT), to more accurately assess the space behind the molars and the shape of the mandible.
Conclusion
In this Iraqi orthodontic sample, skeletal malocclusion class was significantly associated with mandibular third molar impaction, with the highest frequency observed in skeletal Class II. Class II patients also showed a higher frequency of bilateral impaction. Nonetheless, no substantial correlations were identified between skeletal class and Winter’s angulation, Pell and Gregory level, or Pell and Gregory ramus class. Mesioangular impaction and Pell and Gregory Class II were the predominant patterns. These findings support the value of combined panoramic and cephalometric assessment during orthodontic pretreatment evaluation.
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