

  applsci-14-07700




applsci-14-07700







Appl. Sci. 2024, 14(17), 7700; doi:10.3390/app14177700




Article



Jaw Morphology and Factors Associated with Upper Impacted Canines: Case-Controlled Trial



Aljaz Golez 1,2,*, Chris Vrcon 2,3 and Maja Ovsenik 2,4





1



Institute of Physiology, Faculty of Medicine, University of Ljubljana, 1000 Ljubljana, Slovenia






2



Orthos Institute, 1000 Ljubljana, Slovenia






3



Public Health Center Slovenske Konjice, 3210 Slovenske Konjice, Slovenia






4



Department of Orthodontics and Dentofacial Orthopaedics, Faculty of Medicine, University of Ljubljana, 1000 Ljubljana, Slovenia









*



Correspondence: aljaz.golez@mf.uni-lj.si







Citation: Golez, A.; Vrcon, C.; Ovsenik, M. Jaw Morphology and Factors Associated with Upper Impacted Canines: Case-Controlled Trial. Appl. Sci. 2024, 14, 7700. https://doi.org/10.3390/app14177700



Academic Editor: Vittorio Checchi



Received: 2 August 2024 / Revised: 21 August 2024 / Accepted: 27 August 2024 / Published: 31 August 2024



Abstract

:

Featured Application


This study’s findings on factors linked to impacted maxillary canines could be applied in orthodontics to develop screening methods for earlier diagnosis and potentially guide treatment plans to reduce surgical intervention needs.




Abstract


Introduction and aim: Orthodontic treatment of impacted maxillary canines is challenging and expensive. This study investigated factors associated with impaction risk and the need for surgical exposure. Methods: Seventy-five participants of similar age, skeletal maturity, and gender (32 impacted canines, 43 controls) were included in the case-controlled trial. Three-dimensional study models were created (Trios 3, 3Shape), and panoramic radiographs were taken. The 3D digital models were measured using software to obtain morphological characteristics of the maxilla, such as maxillary surface area (mm2) and volume (mm3). Results: The impacted canine group displayed a significantly higher prevalence of deep bite (OR = 5.01), hypoplastic lateral incisors (OR = 5.47), and rotated adjacent teeth (OR = 3.56) compared to the control group. The impacted canine group exhibited a smaller maxillary surface area and volume. Within the impacted canine group, factors associated with a greater need for surgical exposure included the presence of a persistent deciduous canine (OR = 10.15), a palatal canine position (OR = 7.50), and a steeper canine angulation (p < 0.001). Conclusions: These findings suggest that several signs can serve as potential predictors of increased risk for maxillary canine impaction and the need for surgical intervention. Identifying these factors can aid in early diagnosis and treatment planning for improved patient outcomes.
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1. Introduction


Problems with the eruption of the upper canines are relatively widespread. The buds of the maxillary canines develop in the upper part of the maxilla. Compared to other teeth, they have the longest root length and the longest eruption path [1,2].



The maxillary canine is the second-most frequently impacted tooth; it is impacted slightly less frequently than the mandibular third molar. The prevalence of impacted canines in industrialized countries is between 0.82 and 2.4%. Compared to boys, impacted canines are 2.3 to 3 times more common in girls [3].



The etiology of canine impaction is unclear; it could be due to general or local factors [4,5].



General factors, diseases, and syndromes include hypopituitarism, hypothyroidism, cleidocranial dysplasia, Downs syndrome, achondroplasia, A and D hypovitaminosis, amylogenesis imperfecta, and osteoporosis [6], as well as some pathological conditions due to inflammation and ionizing radiation exposure [7]. Compared to the general conditions mentioned above, local factors are more commonly associated with impacted maxillary canines. These include local mechanical obstructions (supernumerary tooth and odontoma), local odontogenic pathology, defects in incisor development, incorrect positions of the canine bud, and a lack of space for eruption or trauma in this area [8].



The panoramic radiograph shows the maxillary and mandibular teeth, the condyles, the maxillary sinuses, and the nasal cavity. As panoramic radiographs are widely used in clinical practice, it is one of the most recognized tools for detecting canine impactions [9,10,11]. Despite some disadvantages such as inaccuracy, image distortion, and the overlapping of anatomical structures, experiments and mathematical modeling have shown that panoramic radiographs can be reliably used to measure distances and angles and may allow certain predictions of possible dental impaction [12,13].



Ericson and Kurol’s diagnosis of impaction risk considers parameters such as the angle between the canine and the median line, the extent of mesiodistal overlap with neighbouring teeth, and the distance between the canine position and the occlusal line in the vertical dimension [14].



Various clinical signs and conditions such as delayed tooth maturation, hypoplasia or hypodontia of the lateral incisor, maxillary crowding, smaller transverse dimensions of the maxilla, and the absence of a vestibular canine bulge have been frequently associated with impacted maxillary canines [8,15,16,17,18].



Since the treatment of impacted canines is usually lengthy and often very challenging and may require surgical exposure of the canines, it is better to diagnose the position of the canines early and prevent their impaction [4,18]. Canine impaction can be unfavorable since it may cause resorption of the roots of neighboring teeth, most commonly lateral incisors [19]. Furthermore, impacted canines that underwent orthodontic and surgical means show higher amounts of root resorption compared to spontaneously erupted canines [20].



Our research hypothesized that several signs and conditions that are observable before the expected eruption of permanent maxillary canine are associated with canine impaction.



The aim of this clinical study was to investigate the relationship between the clinical conditions of deep bite, hypoplasia of the lateral incisors, rotation of the neighbouring teeth, and infraocclusion of the ankylotic maxillary deciduous teeth to evaluate the morphology of the maxilla in patients with impacted maxillary canines to determine the relationship between local factors and the risk of canine impaction, and to identify local factors that increase the need for surgical exposure of impacted canines.




2. Materials and Methods


This case-controlled clinical study included 75 participants (43 girls, 32 boys). The participants were divided into two groups: the experimental group (with impacted canines) and the control group. The experimental group included 32 patients who were referred to the Orthos Institute for orthodontic treatment and had at least one impacted canine in their maxilla. Before inclusion into the study, and after receiving oral and written information about the clinical trial, the patients and their parents or guardians signed the informed consent form (Institutional Review Board Statement).



Thirty-two patients with at least one impacted canine without hereditary syndromes or orofacial clefts were included in the study. Forty-three patients were included in the control group. The participants in the control group were selected according to the experimental group based on the participant’s gender, age, and skeletal maturity. The patients in the control group had no major orthodontic malocclusion, and their index of malocclusion was categorized as none or mild (EF values < 16 points) according to the EF index [21].



The patients underwent a detailed clinical examination, and intraoral and extraoral photographs were taken. The upper and lower dental arches were scanned with an intraoral scanner, and the bites were registered. Three-dimensional models were created with a 3Shape Trios 3 intraoral scanner (3Shape, Copenhagen, Denmark). Lateral cephalograms of the head and neck were used to assess skeletal maturity using the CVS method. Skeletal maturity was assessed based on the morphology of the second-to-fourth cervical vertebrae [22,23,24].



Intraoral photographs and models were used to determine the presence of a deep bite, hypoplastic lateral incisors, rotation of neighbouring teeth, or infraocclusion of the deciduous molars.



A deep bite was defined as an overbite of more than 4.1 mm, measured either during the examination with calipers or on an intraoral 3D model [25,26]. The presence of hypoplastic lateral incisors, rotation of neighbouring teeth, and deciduous teeth in the infraocclusion due to ankylosis was determined by analyzing the intraoral 3D model.



In the group of impacted canines, each impacted canine had its position (palatal or buccal), the presence of a deciduous tooth, and the angle of the impacted canine noted.



The position and presence of impacted canines were assessed on digital panoramic radiographs. The angle of the impacted canine axis (α) was measured digitally between the vertical median line and the canine axis line (Figure 1).



The measurements were performed by the same person twice, 1 week apart. The mean values of the two measurements were considered as the final measured values.



Based on the analysis of 3D study models of the maxilla, the surface area, the projection area, and the volume of the maxilla were determined. To determine the surface area and volume of the maxilla, we imported the 3D study models in digital form into a customized program for analyzing the morphological features of the jaws based on Rapid Form™ 2006 software (Inus Technology Inc., Seoul, Republic of Korea). The software, which uses a high-quality polygonal mesh, enables precise visualization and calculation of the selected surface and volume of the jaw. The program was developed in collaboration between the University of Ljubljana and Cardiff University and adapted for the analysis of morphological features, and described in an article by Primožič et al. [27]. The method has been used in several studies so far and is considered an established method for the assessment of morphological features. It has already been described in detail [28,29,30,31].



Three-dimensional models of the maxilla made it possible to measure morphological features by measuring the projection of the surface of the palatal vault and the volume of the palate. The surface area and volume of the maxilla were determined twice at different locations: the anterior segment of the maxilla between teeth 14 and 24 and the entire maxilla between teeth 16–26. First, we determined the gingival plane, which was delineated by reference points at the junction of the marginal gingiva with the center of the mesio-distal width of the dental crowns on the palatal side of the maxillary teeth (gingival points). The gingival plane was defined by the gingival points.



The distal plane was defined by two points placed on the most distal part of the crown of the maxillary left and right first permanent molar or first permanent premolar, and the distal plane was defined by these distal points perpendicular to the gingival plane. By defining all these boundaries, the RapidForm™ 2006 software provided results in terms of mm2 (surface area and projection area) and mm3 (volume).



Statistical Analysis


Data were collected using Microsoft Office Excel spreadsheets (Microsoft, Redmond, WA, USA). Statistical analyses were performed using SigmaPlot 14.0 software (Systat, Palo Alto, CA, USA). p-value ≤ 0.05 was considered statistically significant. Sample size was calculated for the association of risk factors and differences in palatal morphology between the two groups. A dedicated sample-size calculation tool was used to differentiate the impacted canine and control group with chi-square and t-tests. Assuming a power of the test of 0.80 and a level of statistical significance at 0.05 (alpha), the study would require a total of 42 participants to reach the level of statistical significance for differences in morphology of maxilla and a total of 30 participants to obtain statistically significant difference in odds of impaction when considering intraoral conditions.



The experimental group and the control groups were described using descriptive statistics. To test for differences between them, the variables were analyzed for normal distribution using the Shapiro–Wilk test. In the case of a non-normal distribution, the non-parametric version of the statistical test was used.



Differences between the sexes were tested using the chi-square test; differences between the groups in terms of age and skeletal maturity were tested using the Student t-test.



The chi-square test and Fisher’s exact test were used to compare the frequency of intraoral disorders such as deep bite, hypoplastic lateral incisor, rotation of the neighbouring tooth, or infraocclusion of the deciduous tooth between the experimental group and the control group. Odds ratios (OR) with 95% confidence intervals (CI) were determined. The relationship was represented graphically in a bar chart. The symbol * indicates a p-value ≤ 0.05.



Morphological characteristics (palatal surface, projection area, and palatal volume) of the maxilla between the groups were compared using the Mann–Whitney test and the t-test. The results are shown graphically in a box plot. The center box represents the interquartile range, the dotted line the sample mean, and the solid line the median. The whiskers represent the 5th and 95th percentiles of the sample.



To evaluate local factors that might be associated with impaction, the experimental group was further stratified, and impacted teeth were compared with non-impacted maxillary canines. The chi-square test was used to compare the effects of the presence of a persistent deciduous tooth on the probability of impaction. The Mann–Whitney test was used to compare the angle of the canine axis.



Impacted canines requiring surgical exposure were compared with impacted canines treated by non-surgical means. The risk of the need for surgical exposure was compared. The influence of the presence of a persistent deciduous tooth was tested with a chi-square test, and the odds ratio for the need for surgical exposure was calculated. Univariate logistic regression was used to model the relationship between the need for surgical intervention and canine axis angle.



The relationship between maxillary morphological characteristics, skeletal maturity, and intraoral factors was tested with linear regression and a Mann–Whitney test to exclude possible interactions between the variables.





3. Results


Seventy-five participants were included in the study. There were no statistically significant differences in age, gender, or skeletal maturity between the experimental and control groups (Table 1).



There was a significant difference between the group with impacted canines and the control group in terms of the presence of a hypoplastic lateral incisor (p = 0.004). If a patient had a hypoplastic lateral incisor, its odds for maxillary canines were 5.47 times higher.



In the impacted canine group, 21 participants had a rotated tooth adjacent to the impacted canine, while 15 participants in the control group had a rotated lateral incisor or first premolar. There was a significant difference in the prevalence of deep bites between the groups (p = 0.017). If the patient had a rotated tooth next to the canine, its odds for maxillary canine impaction were 3.56 times higher.



In the impacted canine group, three participants with impacted canines had infraocclusion/ankylosis of the deciduous tooth in the maxillary arch, and that applied to one participant in the control group. There was no statistically significant difference in the presence of deciduous teeth in the infraocclusion/ankylosis between the groups (p = 0.304). The significance of the test was low (<0.70). Further data can be found in Table 2, and the results are shown graphically in Figure 2.



3.1. Morphological Features of Maxilla


Morphological characteristics of the upper jaw were measured on 3D study models and were compared between the impacted canine and control groups.



The palatal surface of both upper arch surfaces (with posterior delimitation distal to first molars 6-6) and the surface of the anterior part of the upper jaw (with delimitation distal to first premolars 4-4) were significantly smaller in the impacted canine group compared to the control group, per the Mann–Whitney test, p < 0.001.



The projection surface of the anterior palate (4-4) was significantly smaller in the impacted canine group compared to the control group (t-test, p = 0.0198), while there was no statistically significant difference in the projection surface of the palate (6-6); t-test, p = 0.136. Results are presented in boxplots (Figure 3).



Both palatal volume (6-6) and volume of the anterior palate (4-4) were significantly smaller in the impacted canine group compared to the control group (Mann–Whitney test, p < 0.001)—Figure 4.




3.2. Relationship between Local Factors and Canine Impaction


The experimental group was stratified, and the side of the impacted canine was compared to the side without the impacted maxillary canine. The canine was significantly more likely impacted if there was persistent deciduous canine present (chi-square test, p < 0.001), or if the canine axis angle was steeper (Mann–Whitney test, p < 0.001). Results are presented in Table 3.




3.3. Association between Local Impaction Risk Factor and Need for Surgical Exposure


The impacted canine group was further stratified based on the need for surgical exposure of the impacted canine (Table 4).



Impacted maxillary canines that required surgical exposure had significantly more persistent deciduous canines present (chi-square test; p < 0.001), and the impacted canines with the need for surgical exposure were significantly more palatally located (chi-square test; p < 0.001).



Impacted canines that needed surgical exposure had significantly higher canine axis angles (Mann–Whitney test; p < 0.001). The relationship between the impacted canine axis angle with the need for surgical exposure was modelled with univariate logistic regression with the equation:


Logit p = −2.011 + (0.0676 * Canine axis angle (°))











Univariate logistic regression model showed that each degree of increased canine axis angle increases the odds of surgical exposure need by 1.067 times (95% CI: 1.034–1.107; logistic regression; p < 0.001).





4. Discussion


The results of the case-controlled study show that patients with impacted canines are more likely to have smaller maxillary dimensions, a deep bite, hypoplastic lateral incisors, or rotated teeth adjacent to the canines. The presence of a persistent deciduous canine and a larger canine axis angle are local risk factors that increase the likelihood of canine impaction. In patients with impacted canines, there is a greater need for surgical exposure if persistent deciduous teeth are present, if the impacted canine is palatal, or if its axial angle is greater.



The majority of impacted canines (59%) belonged to female participants, suggesting that maxillary canines are more common in girls, which has been previously reported in several reports [3,14]. However, since the design of our study is the case control, we cannot fully confirm this. The control group matched the experimental group in terms of gender, age, and skeletal maturity and might, therefore, not be representative of the general population in this respect.



The palatal location of impacted maxillary canines was present in 83.8% of canines, while six impacted canines were located buccally, which is comparable to the results of other studies [3,14,32]. Problems with the eruption of maxillary maxillary canines are relatively common; they may be influenced by either intraoral conditions or local risk factors [33]. The impaction of maxillary canines is often associated with various intraoral conditions, such as a deep bite, a hypoplastic later incisor, rotation of neighbouring teeth, or ankylosis of deciduous teeth [8,33].



The results of our study show that patients with impacted canines have a deep bite significantly more often. A deep bite was present in 54.8% of the participants in the experimental group. A similar association was also found in previous studies: Al Nimri reported that 44% of patients with impacted canines also had a deep bite, while Basdra reported 33.5% [34,35]. This association is explained by the guidance theory: the roots of the retroinclined maxillary incisors are more buccal, and the root tips of the lateral incisors are often more mesial so that these roots cannot guide the eruption of the canine, which can get displaced palatally and possibly impacted. In addition, there may be a common genetic factor that causes a deep bite with retro-inclination of the incisors and impaction of the canines [36].



The prevalence of hypoplastic lateral incisors in the general population is approximately 1.8% and varies by race, ethnicity, and gender [37]. In our experimental group, hypoplastic lateral incisors were present in 48.3% of participants, which is a slightly higher prevalence compared to other studies in which hypoplastic lateral incisors were found in 17–18% of participants with impacted maxillary canines [34,38].



We found that the odds of impaction were 3.5 times higher when the tooth adjacent to the impacted canine was rotated. The lateral incisor and the first premolar erupt close to the canine. On average, the lateral incisor erupts 3 years and the first premolar 1 year before the canine. If neighbouring teeth erupt in an improper position of the root, their root tips may tip into the eruption path of the canine and block its normal eruption [8,39]. Conversely, an impacted canine can exert pressure on the roots of neighbouring teeth and cause spontaneous orthodontic tooth movement, which manifests as tipping and/or rotation.



Some authors investigated whether the ankylosis of the deciduous tooth that leads to infraocclusion is related to the impaction of the maxillary canine [15,38]. In the present study, the comparison between the groups did not confirm this hypothesis. It is important to mention that the number of participants with ankylotic deciduous teeth was very low (1 or 2), which is reflected in the very low power of the statistical test.



When comparing the maxillae based on the 3D morphological features, we found that the palate of the group with impacted canines was significantly smaller. The volume of the palate, the surface area of the palate, and the projection area of the anterior palate (4-4) were significantly smaller in the experimental group. The projection area of the entire palate (6-6) showed a similar pattern but did not reach the level of statistical significance (p = 0.136). The different results between the palatal surface and projection surface parameters indicate a possible role of the vertical dimension of the maxilla in the impaction of the upper canines, as the projection surface (in contrast to the palatal surface) is only influenced by the transversal width and sagittal height. Several authors have emphasized the possible role of the vertical dimension in the impaction of maxillary canines [40,41]. In contrast to our study, previous studies have used linear measurements instead of using 3D measures such as surface area and volume. The advantage of this 3D measurement technique is that it reduces the likelihood of measurement errors due to local model peculiarities or defects on a 3D model.



We tested a possible interaction between the morphological characteristics of the maxilla and the intraoral conditions. The tests revealed no significant interaction between a deep bite, hypolastic lateral incisor, or rotation of the neighbouring teeth with the 3D morphology of the maxilla. We can conclude that the 3D morphological features of the maxilla are an independent sign associated with the maxillary maxillary canines. Cacciatore et al. analyzed 3D models and found that the maxillae of participants with impacted canines were significantly narrower in the transverse dimension and shorter in the sagittal direction, while the vertical height of the palate was not significantly different [40]. However, Shahin et al. measured the vertical height of the palate on CBCT images and concluded that both the anterior and posterior heights of the palate were smaller in the groups with impacted canines [41]. A recent systematic review measuring CBCT images confirmed that the width of the impacted side was narrower, and palatal volume was smaller when impacted canines were present [42]. These findings are consistent with the results of our study. According to Leifert, a narrow apical base of the maxilla and a lack of space in the maxilla may be the cause of canine displacement, which may lead to impaction [43].



The results of our study show that in the presence of a persistent primary canine, the odds of impacted permanent canines are higher. This is consistent with a study by Bazargani et al. that confirmed a causal relationship between the prolonged presence of a deciduous canine and the impaction of a permanent canine. They found that the risk of spontaneous eruption of permanent canines was significantly higher when primary canines were extracted in time [44].



We found that a higher axis angle of the canines increased the risk of impaction. In a previous study, canines with an axis angle greater than 31° were reported to have a higher risk of impaction [45].



Within the group of impacted canines, we investigated the association between the need for surgical exposure of the impacted maxillary maxillary canine and local risk factors.



The canine axis angle was significantly higher in canines requiring surgical exposure, with a mean value of 39°. We have confirmed that the need for surgical exposure is significantly higher when a permanent canine is present, or the impacted canine is positioned palatally. Similarly, Naumova et al. found that the need for surgical exposure of the canine was higher when the impacted canine was located in Sector 4 (the canine crown overlapped with the lateral incisor and the distal half of the central incisor) or the canine axis angle was greater than 30° [9].



The present study included is limited in its design. Since it is a case-controlled design, it cannot provide data on gender distribution since gender was a controlled trait. It only evaluated the canine axis angle and did not consider its vertical and mesiodistal position [14]. However, it is important to note these are related; impacted canines with more mesial and superior positions often exhibit larger axis angles. Furthermore, the present study, utilizing 3D model analysis, noted a possible involvement of vertical dimension in maxillary canine impaction. However, the used methods are not able to provide information on whether the vertical deficiency is limited to the maxilla only or if it is a part of the facial skeletal pattern. However, the role of vertical dimension remains disputable [40,41]. An analysis of the lateral cephalogram could provide further explanations.



Cicek et al., in their study, did report several skeletal cephalometric parameters to be associated with canine impaction, especially bilateral maxillary with Class III and lower canine axis angle in the Class II skeletal pattern [46]. The results of our study show that intraoral conditions such as a deep bite, a hypoplastic lateral incisor, and rotation of the neighbouring tooth are associated with a higher risk of impaction of the maxillary canine. As these can be identified before the expected eruption of the maxillary canine and are very easy and inexpensive to identify, they could be used as an indicator of risk for the maxillary canine impaction.



Early diagnosis and timely interceptive measures such as the extraction of the primary canine may prevent impaction of the maxillary canine and, thus, reduce the need for complex, lengthy, and costly treatment, which can be a burden for the patient, a therapeutic challenge for the therapists, and a significant expense for the public health system [47,48,49].




5. Conclusions


The study showed that patients with impacted canines were significantly more likely to have a deep bite, hypoplastic lateral incisors, and rotated adjacent teeth. Patients with impacted canines had smaller maxillary volumes and surfaces. The presence of a deciduous tooth, palatal position, and a steeper canine axis angle are local factors that increase the risk of impaction and the need for surgical exposure.







Author Contributions


Conceptualization, A.G. and M.O.; methodology, A.G.; formal analysis, A.G. and C.V.; investigation, C.V. and A.G.; resources, M.O.; data curation, A.G. and C.V.; writing—original draft preparation, A.G.; writing—review and editing, M.O. and C.V.; visualization, A.G.; supervision, M.O.; funding acquisition, M.O. and A.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by program and project grants of the Slovenian Research Agency, grant numbers J3-50103 and P3-0374.




Institutional Review Board Statement


Subjects provided their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki. The study proposal was reviewed by the Institutional Review Board. Ethical review was waived by the Institutional Review Board (number 006/2023) for this study since it was a non-intervention study, and no additional diagnostic or therapeutic interventions any different from the standard procedure according to the doctrine of the profession were employed.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available on request due to restrictions. Part of the data contains sensitive personal information and is, therefore, protected by the national and EU (GDPR) laws. However, data that could not compromise the privacy of research participants may be available from the corresponding author (AG) upon reasonable request.




Acknowledgments


We would like to thank Jura Stok for his support in graphic design.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Broadbent, B.H. Ontogenic Development of Occlusion. Angle Orthod. 1941, 11, 223–241. [Google Scholar]

	



Fekonja, A. Evaluation of the eruption of permanent teeth and their association with malocclusion. Clin. Exp. Dent. Res. 2022, 8, 836–842. [Google Scholar] [CrossRef] [PubMed]

	



Sacerdoti, R.; Baccetti, T. Dentoskeletal features associated with unilateral or bilateral palatal displacement of maxillary canines. Angle Orthod. 2004, 74, 725–732. [Google Scholar] [PubMed]

	



Fekonja, A. Comparisons of Two Different Treatment Methods for Impacted Maxillary Canines: A Retrospective Study. J. Clin. Med. 2024, 13, 2374. [Google Scholar] [CrossRef]

	



Bjerklin, K. Malposition of Single Teeth. Essential Orthodontics; Thilander, B., Bjerklin, K., Bondemark, L., Eds.; John Wiley & Sons: Hoboken, NJ, USA, 2018; p. 104. [Google Scholar]

	



Bishara, S.E. Clinical management of impacted maxillary canines. Semin. Orthod. 1998, 4, 87–98. [Google Scholar] [CrossRef]

	



Bishara, S.E. Impacted maxillary canines: A review. Am. J. Orthod. Dentofac. Orthop. 1992, 101, 159–171. [Google Scholar] [CrossRef]

	



Becker, A.; Chaushu, S. Etiology of maxillary canine impaction: A review. Am. J. Orthod. Dentofac. Orthop. 2015, 148, 557–567. [Google Scholar] [CrossRef]

	



Naoumova, J.; Kjellberg, H. The use of panoramic radiographs to decide when interceptive extraction is beneficial in children with palatally displaced canines based on a randomized clinical trial. Eur. J. Orthod. 2018, 40, 565–574. [Google Scholar] [CrossRef]

	



Alqerban, A.; Jacobs, R.; Fieuws, S.; Willems, G. Radiographic predictors for maxillary canine impaction. Am. J. Orthod. Dentofac. Orthop. 2015, 147, 345–354. [Google Scholar] [CrossRef]

	



Alqerban, A.; Storms, A.S.; Voet, M.; Fieuws, S.; Willems, G. Early prediction of maxillary canine impaction. Dentomaxillofac. Radiol. 2016, 45, 20150232. [Google Scholar] [CrossRef]

	



Volchansky, A.; Cleaton-Jones, P.; Drummond, S.; Bonecker, M. Technique for linear measurement on panoramic and periapical radiographs: A pilot study. Quintessence Int. 2006, 37, 191–197. [Google Scholar]

	



Margot, R.; Maria, C.L.; Ali, A.; Annouschka, L.; Anna, V.; Guy, W. Prediction of maxillary canine impaction based on panoramic radiographs. Clin. Exp. Dent. Res. 2020, 6, 44–50. [Google Scholar] [CrossRef] [PubMed]

	



Ericson, S.; Kurol, J. Early treatment of palatally erupting maxillary canines by extraction of the primary canines. Eur. J. Orthod. 1988, 10, 283–295. [Google Scholar] [CrossRef] [PubMed]

	



Baccetti, T. A controlled study of associated dental anomalies. Angle Orthod. 1998, 68, 267–274. [Google Scholar] [PubMed]

	



Naser, D.H.; Abu Alhaija, E.S.; Al-Khateeb, S.N. Dental age assessment in patients with maxillary canine displacement. Am. J. Orthod. Dentofac. Orthop. 2011, 140, 848–855. [Google Scholar] [CrossRef]

	



Yan, B.; Sun, Z.; Fields, H.; Wang, L.; Luo, L. Etiologic factors for buccal and palatal maxillary canine impaction: A perspective based on cone-beam computed tomography analyses. Am. J. Orthod. Dentofac. Orthop. 2013, 143, 527–534. [Google Scholar] [CrossRef]

	



Abdulraheem, S.; Alqabandi, F.; Abdulreheim, M.; Bjerklin, K. Palatally displaced Canines: Diagnosis and interceptive treatment. J. Orthod. Craniofac. Res. 2019, 1, 106. [Google Scholar]

	



Aktı, A.; Dolunay, U.; Kaya, D.I.; Gürses, G.; Yeşil, D. Evaluation of the Relationship between Impacted Maxillary Canine Teeth and Root Resorption in Adjacent Teeth: A Cross-Sectional Cone Beam Computed Tomography Study. Diagnostics 2024, 14, 1470. [Google Scholar] [CrossRef]

	



Bianco, E.; Mirabelli, L.; Basilicata, M.; Bruno, G.; De Stefani, A.; Du, L.; Maddalone, M. Cone Beam Computed Tomography (CBCT) Aid in the Management of Apical Root Resorption of Impacted Maxillary Canines and Physiologically Erupted Maxillary Canines after Orthodontic Treatment. Appl. Sci. 2024, 14, 886. [Google Scholar] [CrossRef]

	



Ovsenik, M.; Primozic, J. Evaluation of 3 occlusal indexes: Eismann index, Eismann-Farcnik index, and index of orthodontic treatment need. Am. J. Orthod. Dentofac. Orthop. 2007, 131, 496–503. [Google Scholar] [CrossRef]

	



Baccetti, T.; Franchi, L.; McNamara, J.A., Jr. An improved version of the cervical vertebral maturation (CVM) method for the assessment of mandibular growth. Angle Orthod. 2002, 72, 316–323. [Google Scholar]

	



Baccetti, T.; Franchi, L.; McNamara, J.A., Jr. The cervical vertebral maturation method: Some need for clarification. Am. J. Orthod. Dentofac. Orthop. 2003, 123, 19A–20A. [Google Scholar] [CrossRef]

	



Lamparski, D.G. Skeletal age assessment utilizing cervical vertebrae. Am. J. Orthod. 1975, 67, 458–459. [Google Scholar] [CrossRef]

	



Danz, J.C.; Greuter, C.; Sifakakis, I.; Fayed, M.; Pandis, N.; Katsaros, C. Stability and relapse after orthodontic treatment of deep bite cases-a long-term follow-up study. Eur. J. Orthod. 2014, 36, 522–530. [Google Scholar] [CrossRef] [PubMed]

	



De Ridder, L.; Aleksieva, A.; Willems, G.; Declerck, D.; Cadenas de Llano-Perula, M. Prevalence of Orthodontic Malocclusions in Healthy Children and Adolescents: A Systematic Review. Int. J. Environ. Res. Public Health 2022, 19, 7446. [Google Scholar] [CrossRef] [PubMed]

	



Primozic, J.; Richmond, S.; Kau, C.H.; Zhurov, A.; Ovsenik, M. Three-dimensional evaluation of early crossbite correction: A longitudinal study. Eur. J. Orthod. 2013, 35, 7–13. [Google Scholar] [CrossRef] [PubMed]

	



Generali, C.; Primozic, J.; Richmond, S.; Bizzarro, M.; Flores-Mir, C.; Ovsenik, M.; Perillo, L. Three-dimensional evaluation of the maxillary arch and palate in unilateral cleft lip and palate subjects using digital dental casts. Eur. J. Orthod. 2017, 39, 641–645. [Google Scholar] [CrossRef]

	



Krneta, B.; Primozic, J.; Zhurov, A.; Richmond, S.; Ovsenik, M. Three-dimensional evaluation of facial morphology in children aged 5–6 years with a Class III malocclusion. Eur. J. Orthod. 2014, 36, 133–139. [Google Scholar] [CrossRef]

	



Malmvind, D.; Golez, A.; Magnuson, A.; Ovsenik, M.; Bazargani, F. Three-dimensional assessment of palatal area changes after posterior crossbite correction with tooth-borne and tooth bone-borne rapid maxillary expansion. Angle Orthod. 2022, 92, 589–597. [Google Scholar] [CrossRef]

	



Sollenius, O.; Golez, A.; Primozic, J.; Ovsenik, M.; Bondemark, L.; Petren, S. Three-dimensional evaluation of forced unilateral posterior crossbite correction in the mixed dentition: A randomized controlled trial. Eur. J. Orthod. 2020, 42, 415–425. [Google Scholar] [CrossRef]

	



Becker, A.; Smith, P.; Behar, R. The incidence of anomalous maxillary lateral incisors in relation to palatally-displaced cuspids. Angle Orthod 1981, 51, 24–29. [Google Scholar]

	



Stabryla, J.; Zadurska, M.; Plakwicz, P.; Kukula, K.T.; Czochrowska, E.M. Comparisons of Dental Anomalies in Orthodontic Patients with Impacted Maxillary and Mandibular Canines. Diagnostics 2023, 13, 2766. [Google Scholar] [CrossRef]

	



Al-Nimri, K.; Gharaibeh, T. Space conditions and dental and occlusal features in patients with palatally impacted maxillary canines: An aetiological study. Eur. J. Orthod. 2005, 27, 461–465. [Google Scholar] [CrossRef]

	



Basdra, E.K.; Kiokpasoglou, M.; Stellzig, A. The Class II Division 2 craniofacial type is associated with numerous congenital tooth anomalies. Eur. J. Orthod. 2000, 22, 529–535. [Google Scholar] [CrossRef] [PubMed]

	



Pereira, P.M.; Ferreira, A.P.; Tavares, P.; Braga, A.C. Different manifestations of class II division 2 incisor retroclination and their association with dental anomalies. J. Orthod. 2013, 40, 299–306. [Google Scholar] [CrossRef]

	



Hua, F.; He, H.; Ngan, P.; Bouzid, W. Prevalence of peg-shaped maxillary permanent lateral incisors: A meta-analysis. Am. J. Orthod. Dentofac. Orthop. 2013, 144, 97–109. [Google Scholar] [CrossRef]

	



Peck, S.; Peck, L.; Kataja, M. Prevalence of tooth agenesis and peg-shaped maxillary lateral incisor associated with palatally displaced canine (PDC) anomaly. Am. J. Orthod. Dentofac. Orthop. 1996, 110, 441–443. [Google Scholar] [CrossRef] [PubMed]

	



Aktan, A.M.; Kara, S.; Akgunlu, F.; Malkoc, S. The incidence of canine transmigration and tooth impaction in a Turkish subpopulation. Eur. J. Orthod. 2010, 32, 575–581. [Google Scholar] [CrossRef]

	



Cacciatore, G.; Poletti, L.; Sforza, C. Early diagnosed impacted maxillary canines and the morphology of the maxilla: A three-dimensional study. Prog. Orthod. 2018, 19, 20. [Google Scholar] [CrossRef] [PubMed]

	



Shahin, S.Y.; Tabassum, A.; Fairozekhan, A.T.; Tuwaylib, A.A.; Al-Sheyoukh, S.; Alzaher, S.; Siddiqui, I.A.; Alhareky, M. The Relationship between Unilateral Palatal Maxillary Canine Impaction and the Morphology of the Maxilla: A CBCT Study in Eastern Province of Saudi Arabia. Eur. J. Dent. 2023, 17, 1043–1050. [Google Scholar] [CrossRef]

	



Yassaei, S.; Safi, Y.; Valian, F.; Mohammadi, A. Evaluation of maxillary arch width and palatal volume and depth in patients with maxillary impacted canine by CBCT. Heliyon 2022, 8, e10854. [Google Scholar] [CrossRef] [PubMed]

	



Leifert, S.; Jonas, I.E. Dental anomalies as a microsymptom of palatal canine displacement. J. Orofac. Orthop. Fortschritte der Kieferorthopadie 2003, 64, 108–120. [Google Scholar] [CrossRef]

	



Bazargani, F.; Magnuson, A.; Dolati, A.; Lennartsson, B. Palatally displaced maxillary canines: Factors influencing duration and cost of treatment. Eur. J. Orthod. 2013, 35, 310–316. [Google Scholar] [CrossRef]

	



Power, S.M.; Short, M.B. An investigation into the response of palatally displaced canines to the removal of deciduous canines and an assessment of factors contributing to favourable eruption. Br. J. Orthod. 1993, 20, 215–223. [Google Scholar] [CrossRef] [PubMed]

	



Cicek, O.; Gurel, T.; Demir Cicek, B. Investigation of the Relationship of Impacted Maxillary Canines with Orthodontic Malocclusion: A Retrospective Study. Children 2023, 10, 950. [Google Scholar] [CrossRef] [PubMed]

	



Bjorksved, M.; Ryen, L.; Lindsten, R.; Bazargani, F. Open and closed surgical exposure of palatally displaced canines: A cost-minimization analysis of a multicentre, randomized controlled trial. Eur. J. Orthod. 2021, 43, 498–505. [Google Scholar] [CrossRef]

	



Grisar, K.; Luyten, J.; Preda, F.; Martin, C.; Hoppenreijs, T.; Politis, C.; Jacobs, R. Interventions for impacted maxillary canines: A systematic review of the relationship between initial canine position and treatment outcome. Orthod. Craniofac. Res. 2021, 24, 180–193. [Google Scholar] [CrossRef]

	



Bjorksved, M.; Arnrup, K.; Bazargani, S.M.; Lund, H.; Magnusson, A.; Magnuson, A.; Lindsten, R.; Bazargani, F. Open vs. closed surgical exposure of palatally displaced canines: A comparison of clinical and patient-reported outcomes-a multicentre, randomized controlled trial. Eur. J. Orthod. 2021, 43, 487–497. [Google Scholar] [CrossRef]








[image: Applsci 14 07700 g001] 





Figure 1. Measurement of impacted maxillary canine axis angle (α). 
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Figure 2. The group with impacted canines was more likely to have (A) a deep bite, (B) a hypoplastic lateral incisor, and (C) a rotated neighbour. However, patients with (D) ankylotic deciduous teeth do not have a higher risk of impaction. * marks a statistically significant difference (p < 0.05). 
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Figure 3. Surface and projection surface comparison between impacted canine and control groups. * p < 0.05. 
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Figure 4. Comparison of palatal volume between impacted canine and control group. * p < 0.05. 
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Table 1. Contingency table of the number of participants in experimental and control group: their age, gender, and skeletal maturity. There were no statistically significant differences. (m= male; f = female).
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	Impacted Canine
	Control Group
	





	Frequency (N)
	32
	43
	



	Age (years)
	13.845 ± 1.678
	13.085 ± 1.782
	p = 0.0653 (t-test)



	Gender
	13 m 19 f
	19 m 24 f
	p = 0.942 (Chi-square test)



	Skeletal maturity (CS)
	4.241 ± 1.347
	3.645 ± 1.518
	p = 0.114 (t-test)










 





Table 2. Intraoral conditions, associated with canine impaction compare the presence of deep bite, hypoplastic lateral incisors, rotation of adjacent teeth, and infraocclusion of deciduous teeth in the maxilla between the impacted canine group to the control group.
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Impacted Canine Group

	
Control Group

	






	
Deep bite

	
Present (N)

	
17

	
8

	
* p = 0.004

(chi-square test)

OR = 5.01

95% CI: 1.76–14.28




	
expected (N)

	
10.76

	
14.23




	
Not present (N)

	
14

	
33




	
expected (N)

	
20.23

	
26.76




	
Hypoplastic lateral incisor

	
Present (N)

	
15

	
6

	
* p = 0.004

(chi-square test)

OR = 5.47

95% CI: 1.79–16.70




	
expected (N)

	
9.04

	
11.95




	
Not present (N)

	
16

	
35




	
expected (N)

	
21.95

	
29.04




	
Rotation of adjacent tooth

	
Present (N)

	
21

	
15

	
* p = 0.017

(chi-square test)

OR = 3.56

95% CI: 1.36–9.35




	
expected (N)

	
15.50

	
20.50




	
Not present (N)

	
10

	
26




	
expected (N)

	
15.50

	
20.50




	
Infraocclusion/Ankylosis of deciduous tooth

	
Present (N)

	
3

	
1

	
p = 0.304

(Fisher exact test)

OR = 4.44

95% CI: 0.44–45.04




	
expected (N)

	
1.69

	
2.31




	
Not present (N)

	
27

	
40




	
expected (N)

	
28.31

	
38.69








* Statistically significant, p < 0.05.













 





Table 3. Comparison of occurrences of persistent deciduous maxillary canine and canine axis angle in impacted and non-impacted canines within the experimental group.
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Impacted

	
Non-Impacted

	






	
Deciduous canine

	
Present (N)

	
33

	
4

	
* p < 0.001

(chi-square test)

OR: 47.44

95% CI: 10.75–209.36




	
expected (N)

	
21.39

	
15.61




	
Not present (N)

	
4

	
23




	
expected (N)

	
15.61

	
11.39




	
Canine axis angle

	
Median

	
40°

	
0°

	
* p < 0.001

(Mann-Whitney test)




	
Interquartile range (25–75%)

	
32.5–49°

	
0–5°








* Statistically significant, p < 0.05.













 





Table 4. Comparison of the presence of local risk factors for impaction and need for surgical exposure of impacted canines.
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Need for Surgical Exposure

	
No Need for Surgical Exposure

	






	
Deciduous canine

	
Present (N)

	
24

	
14

	
* p < 0.001

(chi-square test)

OR: 10.15

95% CI: 2.988–35.84




	
expected (N)

	
16.44

	
20.55




	
Not present (N)

	
4

	
22




	
expected (N)

	
11.55

	
14.44




	
Location of impacted canine

	
Palatal (N)

	
21

	
10

	
* p < 0.001

(chi-square test)

OR: 7.5

95% 2.43–23.14




	
expected (N)

	
13.78

	
17.22




	
Buccal (N)

	
7

	
25




	
expected (N)

	
14.22

	
17.78




	
Canine axis angle

	
Median

	
39°

	
5°

	
* p < 0.001

(Mann-Whitney test)




	
Interquartile range (25–75%)

	
30.5–49°

	
0–31°








* Statistically significant, p < 0.05.
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