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Abstract 

Objectives: To determine the prevalence and anatomical patterns of permanent tooth impaction in adults at a 
single-centre dental hospital in Muscat, Oman, and to evaluate sex-specific differences in arch distribution, 
orientation, angulation and depth.  

Methods: In this retrospective study at one dental hospital, all eligible panoramic radiographs acquired between 
December 2021 and December 2024 from patients aged ≥18 years were consecutively included (n = 1000). Two 
calibrated examiners jointly reviewed all images (with a third for disagreements) to record impaction status, FDI 
code, orientation (vertical/horizontal), angulation (modified Quek et al categories), numerical angle, laterality 
(unilateral/bilateral), and depth (Levels A-C). Data were analyzed in R (tidyverse, broom, gtsummary) with 
two-sided tests at α = 0.05. Impaction prevalence and sex comparisons used Fisher’s exact or χ² tests; odds ratios 
(95% CI) were obtained via logistic regression. Arch distribution and canine laterality were tested by binomial 
and χ² goodness-of-fit. Orientation, angulation, and depth were compared by χ² tests; continuous angles by 
Welch’s t-test (Wilcoxon sensitivity). 

Results: The sample comprised 477 males and 523 females (mean age 32.9 ± 15.1 years). Impaction was 
present in 500 patients; bilateral in 353 (no sex difference; OR 0.92, 95% CI 0.62–1.35, p = 0.66). Lower-arch 
impactions (302) outnumbered upper-arch (191; p < 0.001), and 11 supernumeraries were identified. Third 
molars accounted for 85.2% of impacted teeth; canines 6.6%. Vertical orientation predominated (352 vs 148; 
χ²(1) = 4.05, p = 0.0495). Distoangular angulation was most common in the maxilla and mesioangular in the 
mandible (both p < 0.001). Mean impaction angles did not differ by sex (39.3° vs 35.4°, p = 0.115). Depth 
distribution was 26.4% Level A, 37.8% Level B, and 35.8% Level C; men more often had Level C (χ²(2) = 9.52, 
p = 0.008).  

Conclusions: Permanent tooth impaction affects half of this Omani sample, with third molars and lower-arch 
impactions predominating. Overall prevalence and bilateral rates were similar by sex; however, orientation and 
depth exhibited modest gender differences. 
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Introduction 

Impaction of a permanent tooth occurs when its eruption into the oral cavity is impeded by bone, soft tissue, or 
an adjacent tooth, resulting in partial or complete retention below the occlusal plane.1 Multiple factors contribute 



to this phenomenon, including insufficient growth of the maxillary and mandibular arches.2 In modern diets, 
highly processed foods demand less masticatory effort, which may in turn reduce the functional stimulus 
necessary for optimal jaw development.3 Genetic predisposition, aberrant positioning of the tooth germ, gender 
differences, and the presence of supernumerary teeth have also been implicated in the etiology of impaction.4 

Although many impacted teeth remain asymptomatic, they carry the potential for complications such as 
pericoronitis, pain, gingival bleeding, resorption of adjacent roots, malocclusion, caries, alveolar bone loss, and 
the formation of cysts or neoplasms.5 

Third molars are by far the most frequently impacted teeth, with canines, premolars, and central incisors 
affected to a lesser extent.6 Intraoral site also influences impaction rates; for instance, maxillary canines are 
impacted up to twenty times more often than their mandibular counterparts.7 Reported prevalence of tooth 
impaction varies widely, from as low as 3% to nearly 69% in different populations.8 Such heterogeneity reflects 
differences in genetic background, dietary habits, and access to dental care across regions. Despite numerous 
studies of impaction patterns in European and Asian cohorts, data remain limited for Middle Eastern 
populations, and even fewer investigations have examined the spectrum of impaction across all tooth types. 

In Oman, a single study has reported that more than half of adult patients presented with at least one 
impacted third molar,9 but comprehensive radiographic surveys of impaction involving other tooth categories or 
associated angulation and eruption level are lacking. Understanding the local distribution of impaction is critical 
for treatment planning, service planning, and anticipating common sequelae. In particular, detailed knowledge of 
impaction angulation, position relative to adjacent teeth, and depth of impaction informs surgical 
decision‐making and risk assessment. Furthermore, identifying which tooth types are most frequently impacted 
in an Omani patient population may aid clinicians in prioritizing early diagnosis and intervention. The present 
retrospective radiographic study therefore aimed to fill this knowledge gap by evaluating the prevalence and 
anatomic patterns of permanent tooth impaction in patients treated at a single dental hospital in Muscat, Oman. 

Methods 

This retrospective observational study was conducted at one dental hospital in Muscat, Oman, and included all 
patients whose files dated from 2012 onward. From this pool, OPGs acquired between December 2021 and 
December 2024 were retrieved for analysis. All panoramic radiographs were first evaluated against our 
inclusion and exclusion criteria. To be included, an OPG had to display the complete permanent dentition 
without distortion, and the patient needed to be aged 18 years or older with documented sex. Radiographs were 
excluded if image quality was inadequate; if the patient had a history of maxillofacial surgery, a craniofacial 
syndrome, or congenital facial disease; if trauma or pathosis had disrupted normal dentition alignment; if any 
teeth exhibited incomplete root formation; or if essential demographic data were missing. Of the 1494 OPGs 
acquired during the study window, 494 did not meet prespecified criteria; the remaining 1000 consecutive, 
eligible radiographs were included. One thousand radiographs is a sufficiently large sample because, with an 
expected impaction prevalence of approximately 38.7%,10 and a desired margin of error of ± 3% at the 95% 
confidence level (Z = 1.96), this size ensures adequate precision. During the examination period (January 
2025-March 2025), two calibrated examiners reviewed all selected radiographs jointly to identify and classify 
impacted permanent teeth using the imaging software Sidexis 4 (Version 4.3, Dentsply Sirona, Bensheim, 
Germany), consulting a third examiner whenever consensus could not be reached. 

Impaction was defined as any permanent tooth whose complete eruption into the occlusal plane had been 
obstructed by bone, soft tissue or adjacent teeth for more than six months beyond its expected eruption age. 
Discrepancies between examiners were resolved by consensus during joint review. Each patient was assigned a 
unique identifier from 1 to 1000. For patients with one or more impacted teeth, each tooth was recorded 
separately in a supplemental “impacted‐tooth” database, although patient‐level summaries (for example, 
presence versus absence of any impaction) were used for overall prevalence and demographic comparisons. 

Data recorded for every patient included sex, age in years at the time of radiography and an impaction flag. 
For each impacted tooth, the following information was captured: (1) Tooth type was recorded using the FDI 
two‐digit code. The angulation of impaction was first noted as vertical if the long axis of the impacted tooth was 
oriented approximately parallel to the adjacent tooth’s long axis, or horizontal if it was oriented nearly 
perpendicular. (2) A modified version of the Quek et al. (2003) angulation classification was applied to all 
impacted teeth.8 In this approach, mesioangular indicates the long axis tilts toward the midline of the arch; 
distoangular indicates the long axis tilts away from the midline; buccolingual indicates the long axis is 
approximately perpendicular to the occlusal plane or tilts buccally or lingually without significant mesial or 



distal inclination; inverted indicates the long axis is completely horizontal or oriented upside down; and upright 
indicates the long axis is nearly parallel to the occlusal plane with minimal tilt in any direction. (3) Measurement 
of the numerical Angle between each tooth’s long axis and the patient’s occlusal plane was performed directly 
on the radiograph using the built-in “Measure Angle” tool in the imaging software. Continuous Angle values 
were retained as numeric data for statistical comparison between males and females. (4) Side was recorded per 
patient by examining the contralateral tooth: unilateral if an impacted tooth appeared on only one side of the 
jaw, and bilateral if the impacted tooth was found on both sides. (5) Depth of impaction followed one of two sets 
of definitions, depending on the tooth’s location. For anterior and premolar teeth, the impacted crown was 
classified as Level A if it reached or exceeded the cervical line of the adjacent anterior tooth; Level B if the 
crown lay between that cervical line and the root apex of the adjacent tooth; or Level C if it lay below the root 
apex of the adjacent tooth. For molars, Level A impaction was defined by an impacted crown at or above the 
occlusal plane of the tooth immediately anterior (for example, first molar for a second molar impaction or 
second molar for a third molar), Level B if the impacted crown lay between that occlusal plane and the cervical 
margin of the tooth immediately anterior, and Level C if the crown lay below that cervical margin. When a 
patient had multiple teeth impacted in the same arch, each tooth’s was recorded independently. 

Following data abstraction, all entries were exported to a CSV file and imported into R version 4.2.1 for 
analysis. Categorical variables were converted to factors with pre‐specified level order. Age and Angle 
remained numeric. Tooth type was stored as a factor reflecting each FDI code encountered. Statistical analyses 
were performed in R (tidyverse, broom, gtsummary), with all tests two‐sided at α = 0.05. Prevalence of 
impaction was calculated overall and by sex, and compared using Fisher’s exact or chi‐squared tests (with 
Monte Carlo simulation when needed); odds ratios (95% CI) came from logistic regression. Among impacted 
teeth, arch distribution (1–2 = upper, 3–4 = lower) was tested against a 50:50 split via binomial and chi‐squared 
goodness‐of‐fit; canine laterality (FDI ending in 3 categorized as Left [2–3] or Right [1–4]) used the same tests. 
Vertical versus horizontal counts were compared by sex using Pearson’s chi‐squared (simulated p‐values as 
needed). Angulation categories were summarized by sex and tested via chi‐squared. Continuous Angle 
measurements were described (mean ± SD, median, IQR, range) and compared by sex using Welch’s t-test 
(Wilcoxon rank-sum as sensitivity). Levels of impaction (A, B, C) were summarized overall and by sex and 
compared with a chi‐squared test (df = 2). Continuous variables are reported as mean ± SD and categorical 
variables as n (%). 

Ethical approval for this study was obtained from the institutional ethics committee under reference 
ERIC-2024-224. As this investigation involved only retrospective review of de-identified radiographs, informed 
consent was waived. All study procedures complied with the Declaration of Helsinki. 

Results 

Of the 1000 patients, 477 (47.7%) were male and 523 (52.3%) were female. The overall mean age was 32.9 
years (SD 15.1); males averaged 32.9 ± 15.2 years and females 33.0 ± 15.1 years. Tooth impaction was 
identified in 500 patients (50.0%), including 239 males (50.1% of males) and 261 females (49.9% of females). 
Bilateral impaction occurred in 353 patients (35.3%), affecting 171 males (35.8% of males) and 182 females 
(34.8% of females). The odds of bilateral impaction did not differ by gender (OR 0.92, 95% CI 0.62 to 1.35, p = 
0.66). 

Impacted teeth were far more common in the lower arch (n = 302, 60.6%) than in the upper arch (n = 191, 
39.4%). Additionally, 11 supernumerary teeth (2.2%) were identified. Within the lower arch, third molars 
predominated (FDI 38 + 48 = 264 cases, 89.2%), with canines (n = 14, 4.7%) and other teeth (n = 18, 6.1%) less 
common. In the upper arch, third molars (FDI 18 + 28 = 162 cases, 84.8%) were most frequent, followed by 
canines (n = 19, 5.8%) and other teeth (n = 10, 5.2%). A binomial test confirmed significantly more lower-arch 
than upper-arch impactions (p < 0.001; χ²(1) = 24.42, p < 0.001). Of the 33 impacted canines, 20 (60.6%) 
occurred on the right side and 13 (39.4%) on the left side; although right-side cases were more common, this 
laterality difference was not significant (p = 0.296; χ²(1) = 1.485, p = 0.223). 

Vertical impactions predominated overall (n = 352, 70.4%) over horizontal impactions (n = 148, 29.6%). 
When stratified by sex, 143 males (66.5%) and 193 females (74.8%) had vertical impactions, whereas 72 males 
(33.5%) and 65 females (25.2%) had horizontal impactions (χ²(1) = 4.05, p = 0.0495). As for the occurrence of 
the different angulations of impaction in the mandible, mesioangular impaction was most frequent (n = 308, 
61.6%), followed by distoangular (n = 125, 25.0%), upright (n = 34, 6.8%) and transverse (n = 30, 6.0%). 
Among male patients, mesioangular, distoangular, upright and transverse impactions numbered 155 (65.4%), 53 



(22.4%), 15 (6.3%) and 14 (5.9%), respectively. In female patients, the corresponding figures were 153 (59.1%), 
71 (27.4%), 19 (7.3%) and 16 (6.2%). Although females showed a numerically higher rate of distoangular 
impaction (27.4% vs 22.4%), this difference did not reach statistical significance (χ²(1) = 1.60, p = 0.206). 
Additional analysis by arch revealed a mirror‐image pattern: distoangular impactions significantly 
predominated in the upper arch, whereas mesioangular impactions were significantly more common in the lower 
arch (both p < 0.001). The mean angle of impaction in males was 39.3º (SD = 29.9º; median = 30º, IQR = 43.5º) 
versus 35.4º (SD = 25.2º; median = 31º, IQR = 32º) in females (Welch’s t-test p = 0.115). 

Impaction level distribution showed that Level A occurred in 132 cases (26.4%), Level B in 189 (37.8%) and 
Level C in 179 (35.8%); by gender, males had 54 Level A (23.5%), 79 Level B (34.3%) and 97 Level C 
(42.2%), and females had 77 Level A (29.6%), 107 Level B (41.2%) and 76 Level C (29.2%) (χ²(2) = 9.52, p = 
0.008), indicating a significant gender difference in depth of impaction (Figure 1). 

 

Figure 1. Depth of impaction (Levels A-C) by sex. Males showed a higher proportion of deeply embedded 
Level C impactions, whereas females more often presented with Level A and Level B, indicating a significant 
sex difference in impaction depth (p = 0.008). 

Discussion 

Clinical examination alone may not reveal the full extent of pathology within the oral cavity, and adjunctive 
imaging is therefore essential to achieve accurate diagnosis.4 Panoramic radiography, in particular, provides a 
comprehensive view of the entire orofacial complex and is invaluable for treatment planning.11 The prevalence 
and multifactorial etiology of tooth impaction have been extensively investigated,10,12 and early identification of 
impacted teeth enables timely preventive interventions and more effective therapeutic outcomes.13,14 Moreover, 
standardized classification schemes facilitate clearer communication among oral surgeons and help anticipate 
challenges and complications during surgical removal.15 Despite these advances, research on permanent 
dentition treatment needs in Oman remains sparse,9,16,17 as noted in a recent systematic review and 
meta-analysis.18 Early identification of impacted teeth is critical to prevent future malocclusions and associated 
pathologies.4,13 When detected early, surgical intervention can be less invasive, and orthodontic exposure with 
traction often allows successful eruption and functional use of the tooth.19 Nevertheless, studies on the 
prevalence of tooth impaction remain relatively scarce. 

In this retrospective study, the overall prevalence of impacted teeth was 50.0%, a figure that lies at the upper 
end of the global spectrum. Reported rates have varied widely from as little as 1.7% in Peru, Colombia, and 
Bolivia,12 and 4.0–5.7% in Turkey,20 to 4.5–13.2% in Saudi Arabia,21-23, 18.4% in India,24 54.3% in Yemen,25 and 



up to 73.9% among 20–29-year-olds in Brazil.1 Such marked variation between populations supports the role of 
genetic and possibly environmental influences on impaction risk.26 

In this cohort, third molars demonstrated the highest rate of impaction, with mandibular third molars affected 
more often than their maxillary counterparts. This finding is in line with two recent systematic reviews, which 
identified third molars as the most commonly impacted teeth across diverse populations.26,27 The next most 
frequently impacted tooth was the canine, and, consistent with the broader literature, maxillary canines were 
more often impacted than mandibular canines. Published studies consistently rank the sequence of impaction 
prevalence as mandibular third molars, maxillary third molars, maxillary canines and then mandibular 
canines.1,12,20,22-25 

In our Omani cohort, impacted teeth were substantially more frequent in the lower arch (60.6%) than in the 
upper arch (39.4%), in line with earlier observations that insufficient jaw size and mandibular space underlies 
most tooth impactions.28-30 In cases of lower third‐molar impaction, it was found that the alveolar arch space 
behind the second molar was reduced in the majority of individuals and that skeletal factors namely the limited 
mandibular jaw length, a vertical condylar growth vector, and backward‐directed eruption of the dentition, each 
contributed to space deficiency.26,28 The high proportion of lower‐arch impactions in Omanis suggests that 
similar morphological constraints exist in this population. Moreover, males in our sample exhibited more deeply 
positioned (Level C) lower impactions than females, consistent with findings that skeletal growth patterns, and 
perhaps delayed third‐molar maturation, further influence eruption success.28 Furthermore, a modest tendency 
for vertical tooth retention was observed in females in our study. 

Contemporary influences such as softer, processed diets may amplify these anatomical predispositions by 
reducing masticatory loading and thus limiting posteroinferior jaw development.31 Genetic factors and a history 
of orthodontic interventions could also modulate mandibular arch form and jaw space.16 In contrast, the upper 
arch generally maintains adequate room owing to its different growth trajectory and the absence of a rigid ramus 
structure. In a previous Omani study, maxillary spacing was observed in one quarter of cases, which may 
explain why upper impactions were less frequent in our sample.16 

Several biological mechanisms may help explain the sex differences we observed in impaction depth and 
orientation. Gene-by-sex interactions in craniofacial and dental development suggest that partly different sets of 
genes modulate tooth formation and eruption in males and females, which may lead to subtle differences in 
eruption trajectories and impaction patterns.32 Sex hormones also influence tooth eruption and peri-dental 
tissues; experimental work indicates that estrogen deficiency can slow eruption and alter gene expression in 
odontogenic regions, while hormonal fluctuations across the menstrual cycle can modify periodontal ligament 
metabolism and the efficiency of orthodontic tooth movement, pointing to a broader hormonal contribution to 
impaction dynamics.33 Anatomical and developmental dimorphism provides a structural context for these 
effects: females tend to have smaller jaws and earlier eruption of permanent teeth than males, so relatively large 
teeth erupting earlier into a more constrained arch may have a higher likelihood of impaction and characteristic 
angulation patterns.34 In contrast, the longer period of mandibular growth typically seen in males may create 
more distal space but can also allow teeth to migrate to deeper positions within the jaw before arresting, which 
is consistent with our observation of a higher proportion of deeply impacted teeth in men. 

Regarding spatial positioning of impacted teeth, distoangular angulation was most common in the upper 
arch, whereas mesioangular angulation predominated in lower molars (p < 0.001). A recent retrospective review 
of 1397 OPGs also reported a higher frequency of distoangular impactions in the maxilla and mesioangular 
impactions in the mandible, consistent with our findings.10 In the only prior Omani study of 1000 OPGs 
focusing on third molars, mesioangular impactions were most prevalent, followed by distoangular, but the 
authors did not distinguish between upper and lower arches.9 That study did note a gender difference, with 
mesioangular impactions more common in males and distoangular more common in females, an association that 
was not present in our cohort. 

The prevalence of impacted supernumerary teeth in our cohort was 2.2%, with most located in the anterior 
maxilla. Reported prevalence of supernumerary teeth in the general population ranges from 2.4% to 6%.35 
Although supernumerary teeth are relatively uncommon, an impacted rate of 2.2% is notable and may reflect 
genetic or environmental influences in this sample. Other studies have reported slightly lower rates of impacted 
supernumeraries, including 1.6% in India,36 and 1.8% in Greece.37 



Age-related patterns are influenced by the typical timing of different tooth impactions.27 Impacted maxillary 
canines, the second most frequently impacted teeth after wisdom teeth, usually present even earlier (often by the 
early teens) and are typically managed in adolescence. As a result, relatively few impacted canines persist into 
later adulthood, which may explain their underrepresentation in radiographic studies of adult populations. In 
fact, an earlier Omani study focusing on late-teen and young adult patients (aged 19-26 years) reported that 
54.3% had at least one impacted third molar.9 This high prevalence among youths aligns with the idea that the 
late teens to mid twenties are the peak period for third molar impaction to be present or diagnosed. By contrast, 
in our study’s older patients (for example, those in their 40s and above), the prevalence of retained impacted 
teeth was much lower. This decline with age is expected and has been noted elsewhere; for example, a recent 
study observed that only about 3% of patients over 40 years old in a UAE sample still had an impacted third 
molar on radiographs.38 The sharp drop in impaction prevalence among older adults is largely attributable to the 
removal of third molars over time, either prophylactically or due to symptoms. In other words, many individuals 
who had impacted wisdom teeth in early adulthood no longer have them by middle age because the teeth have 
been extracted or, in fewer cases, have eventually erupted into functional position. 

From a public health perspective, the high prevalence of impacted teeth in this adult, hospital-based cohort 
indicates a substantial and ongoing demand for surgical and restorative care and underscores the need for 
risk-based screening and early preventive strategies. Preventive management of impacted teeth requires 
adherence to established surgical protocols and begins with appropriate radiographic assessment in late 
adolescence and early adulthood to identify asymptomatic impactions, detect any associated cystic or neoplastic 
lesions, and recognise patients with multiple impactions who may warrant investigation for systemic disorders. 
Beyond extraction, impacted or supernumerary teeth may be repurposed as donor grafts in autotransplantation, a 
biologic rehabilitation strategy that has demonstrated high long-term success and can serve as a lower cost, 
growth compatible alternative to implants in younger patients.39 In this context, local prevalence and pattern data 
can support planning of specialist oral surgery services, strengthen referral pathways between general dentists, 
orthodontists and oral and maxillofacial surgeons, and guide patient counselling about the timing of third molar 
and canine management. The decision to extract or retain an impacted tooth should remain individualised and 
guided by a careful assessment of the risk of future complications. 

A key limitation of this study is its retrospective, single‐center design and reliance on two‐dimensional 
panoramic imaging, which may not capture three‐dimensional relationships or account for unrecorded factors 
such as prior orthodontic treatment, diet, or genetic influences, potentially limiting the generalizability of our 
findings. Because the cohort was restricted to adults (≥18 years), tooth classes that are often treated earlier, 
particularly canines, may be under-ascertained. Prior orthodontic traction or extraction before adulthood would 
not appear on adult panoramic surveys, so the adult prevalence reported here should not be interpreted as 
lifetime incidence for those teeth. Future work should use prospective, multi centre designs with three 
dimensional imaging and detailed records of orthodontic history, occlusal status and systemic factors to refine 
these estimates and clarify underlying mechanisms. 

Conclusion 

In this large, single-centre, adult hospital cohort drawn by systematic sampling, half of the patients had at least 
one impacted permanent tooth. Impacted teeth were far more common in the lower arch than in the upper arch, 
and third molars accounted for the vast majority of impactions in both arches. Vertical impactions predominated 
overall, with women showing a modest excess compared to men. A clear angulation pattern emerged by arch: 
distoangular impactions were most frequent in the maxilla, while mesioangular impactions predominated in the 
mandible. Depth of impaction also differed by gender, with men more often presenting with the most deeply 
buried (Level C) teeth. Canine impactions were uncommon and showed no significant side preference, and 
impacted supernumerary teeth were rare. 

These results establish a detailed epidemiologic baseline for tooth impaction patterns in an understudied 
Middle Eastern population. They reinforce the importance of routine panoramic screening, particularly for lower 
third molars, and of applying standardized classification and measurement protocols to inform surgical planning. 
Prospective investigations that include three-dimensional imaging, detailed orthodontic histories, and 
exploration of functional and genetic factors are needed to clarify the mechanisms behind mandibular space 
restriction and arch-specific impaction risk. In the interim, these findings can help clinicians in Oman and 
similar settings anticipate common impaction scenarios, counsel patients appropriately, and plan interventions 
that minimise morbidity and support long-term oral health. 
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