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Abstract

:

This study investigated compensation in skeletal Class III subjects to compare various severities of abnormal jaws. A retrospective analysis of 137 skeletal Class III cephalograms (63 males and 74 females) was conducted, with cephalometric assessments determining skeletal and dental values. The results were compared with Class I cephalograms. Incisor compensation was examined by pairing normal jaws with varied abnormal jaws, classified by severity using one standard deviation (SD). Statistical analyses included Kruskal–Wallis tests, Bonferroni tests, Spearman’s correlations, and multiple linear regression. Four skeletal Class III groups were identified: OMx+PMd, RMx+OMd, OMx+OMd, and PMx+PMd (P = prognathic; O = orthognathic; R = retrognathic; Mx = maxilla; Md = mandible.). The upper central incisor (U1) showed proclination, and the lower central incisor (L1) showed retroclination across all groups except for U1 in PMx+PMd and L1 in OMx+OMd, which exhibited normal inclination. U1 exhibited limited compensation even with progressive maxillary retrognathism, while L1 showed limited compensation after one SD of mandibular prognathism. Maxilla (SNA) and jaw discrepancy (ANB) were inversely related to the U1 degree, whereas only jaw discrepancy (ANB) was positively related to the L1 degree. U1 in PMx+PMd and L1 in OMx+OMd showed no incisor compensation. U1 had limited compensation even with progressive maxillary retrognathism while L1 showed limited compensation after one SD mandibular prognathism.
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1. Introduction


Skeletal Class III is characterized by maxillary and mandibular anteroposterior discrepancies that present as retrognathic maxilla, prognathic mandible, or a combination of both [1,2,3,4,5,6,7,8]. The occurrence of skeletal Class III malocclusion exhibits significant variation across countries, regions, and ethnicities, with prevalence rates that range widely [9,10,11,12,13,14,15,16]. The lowest rate of 2.5% was reported in Australia [9], while the highest rate of 31.4% was reported in South Korea [16]. When this anteroposterior malrelation is presented, the incisors try to move toward each other with respect to a function known as incisor compensation [17]. Generally, the upper incisors procline toward the lip [18,19,20], whereas the lower incisors lean toward the tongue [18,19,20,21] in skeletal Class III patients. In a severe prognathic mandible, the lower incisors are regularly found to be retroclined [22,23]. Interestingly, the lower incisors could be in normal inclination relative to the moderately retrusive maxilla with a slightly protrusive mandible [23]. This could imply that a more prognathic mandible would result in the greater retroclination of the lower incisors. Nevertheless, the association between the degree of a prognathic mandible and the inclination of the lower incisors has not been investigated. Unfortunately, the association between the degree of a prognathic mandible and the inclination of the lower incisors has not been investigated. In the case of a retrognathic maxilla, the upper incisors exhibited proclination. Again, the normal inclination of the upper incisors was reported in an orthognathic maxilla with a prognathic mandible and in a severely retrusive maxilla with an orthognathic mandible [23]. However, the association between the degree of retrognathic maxilla and the inclination of the upper incisors has not been studied.



The amount of anteroposterior discrepancy in skeletal Class III is the focus of this research in order to determine its potential impact on the degree of compensation. Furthermore, incisor compensation in different abnormal jaw positions with opposite normal jaws has never been explored.



Previous skeletal Class III studies have focused on specific clusters based on the maxilla and mandibular positions, but not all have universally observed incisor inclination [22,23,24,25,26]. Moreover, previous skeletal Class III studies were conducted according to the maxilla and mandibular anteroposterior positions in either an orthognathic [23,24] or retrognathic maxilla [22,23,24] with either orthognathic [23] or prognathic mandibles [22,23]. However, skeletal Class III cases with a prognathic maxilla and mandible have never been researched and are only presented as case reports [27,28,29]. The three gaps in knowledge can be summarized as follows: (1) Incisor compensation in skeletal Class III with different maxilla and mandibular positions is still controversial; (2) the association between the degree of skeletal discrepancy and incisor compensation has not been studied; (3) skeletal Class III discrepancies should be grouped according to maxilla and mandibular positions, and incisor compensation should be studied. The aims of this study were to group skeletal Class III anteroposterior discrepancies according to the maxilla and mandibular positions and study their incisor inclinations. Furthermore, the association between the degree of skeletal discrepancy and incisor inclination was investigated based on pairing one normal jaw with different degrees of severity relative to the opposite abnormal jaw. Finally, the study examined the relationships between incisor inclination and the investigated parameters.




2. Materials and Methods


2.1. Subjects


This retrospective study was conducted following the approval obtained from the Institutional Review Board for human patients (protocol EC6410-064) at the Faculty of Dentistry, Prince of Songkla University. All cephalograms diagnosed as skeletal Class III were meticulously selected from a pool of patients treated between 2011 and 2021. The inclusion criteria comprised non-growing patients aged 18–35 years with good-quality lateral cephalometric radiographs. Patients with a history of (1) previous orthodontic treatment or orthognathic surgery, (2) prostheses or extensive restorations on the anterior teeth, (3) periodontal and gingival diseases, (4) facial trauma or plastic surgery in the facial region, and (5) systemic diseases or endocrinopathies were excluded from the study to ensure a homogenous sample and minimize confounding variables.




2.2. Study Sample Calculation and Group Designations


The sample size calculation, which relied on the mean and standard deviations extracted from an article by Li et al. [22], utilized G*Power software version 3.1 with an alpha of 5% and a power of 80%. The calculation recommended a minimum of 11 samples per group to achieve reliable results. Consequently, all cephalograms diagnosed as skeletal Class III from 2011 to 2021 were scrutinized, which resulted in the classification of patients into four distinct groups based on jaw discrepancies, with each group containing at least 11 films. These four groups were designated as follows: orthognathic maxilla and prognathic mandible (OMx+PMd), retrognathic maxilla and orthognathic mandible (RMx+OMd), orthognathic maxilla and mandible (OMx+OMd), and prognathic maxilla and mandible (PMx+PMd). Additionally, 30 subjects exhibiting skeletal Class I and normal occlusion were included as the norm for comparative purposes.



The study employed a design wherein one normal jaw was paired with varying severity levels of the opposite jaw to facilitate a comprehensive comparison of incisor compensation. The severity of the opposite jaw was meticulously assessed, and 1 standard deviation (SD) was utilized to categorize the severity levels. A comparative study between OMx+OMd and OMx+PMd was introduced, with PMd being further stratified into OMx+PMd (1 SD) and OMx+PMd (2 SDs). Additionally, a comparative study between OMx+OMd and RMx+OMd was proposed; however, the RMx presented only 1 SD without 2 SDs; therefore, the study was not replicated as these cases were already included in the comparison among the four groups. This approach ensured the comprehensive exploration of incisor compensation patterns and provided valuable insights into the complex dynamics of skeletal Class III malocclusions.




2.3. Lateral Cephalometric Assessments


In lateral cephalometric assessments, strict adherence to standardized procedures ensured the accuracy and reliability of the data collected. The natural head position served as a consistent reference point for all cephalograms that provided a reliable framework for analysis and comparison. The Orthopantomograph OP300 (Instrumentarium Dental, Tuusula, Finland) was employed with settings of 90 kV, 12.5 mA, and a 15 s exposure time. Uniform imaging conditions were maintained across all captured images that minimized potential variations in image quality and interpretation.



Subsequently, each cephalogram underwent meticulous digitization and analysis using Dolphin Imaging® (version 11.9; Dolphin Imaging, Chatsworth, CA, USA). To ensure precision in measurements, cephalogram data were converted into actual distances. This conversion process involved utilizing the scale ruler embedded within the cephalogram with mathematical calculations performed using the ImageJ software, version 1.53a (NIH, Bethesda, MD, USA).



The comprehensive linear and angular measurements assessed on lateral cephalograms are presented in detail in Table 1, providing an overview of the parameters analyzed in the study.




2.4. Statistical Analysis


A single examiner blinded to the corresponding film of the same subject executed all measurements, ensuring an unbiased and consistent approach. Prior to the measurements, the researcher compared the measurements with an expert to determine the interclass correlation. To assess measurement error and reliability, a subset of 30 randomly chosen subjects underwent remeasurement after a two-week interval. The evaluation of reliability involved independent t-tests and interclass and intraclass correlation coefficients. Notably, systematic errors were absent in the paired t-test (p < 0.05), which affirmed the precision and consistency of the examiner’s assessments. Furthermore, random errors were estimated using the Dahlberg formula.



The Shapiro–Wilk test unveiled the absence of normally distributed variables within the dataset. Consequently, to examine the mean differences between the four groups and skeletal Class I, the analysis proceeded with the Kruskal–Wallis test followed by the Bonferroni test. This non-parametric approach was selected due to the non-normal distribution of variables.



The relationships between U1-NA and the other measurements were examined within the RMx+OMd combined with OMx+OMd groups. Similarly, the relationships between L1-NB and the other measurements were scrutinized within the OMx+PMd combined with OMx+OMd groups. Spearman’s correlations and multiple linear regression analyses were employed to discern the variables influencing U1-NA (deg) and L1-NB (deg), thereby shedding light on the intricate associations between these parameters and other measurements. The statistical analyses were conducted using SPSS version 17 (SPSS, Chicago, IL, USA). The level of significance for all tests was set at p < 0.05.





3. Results


The interclass correlation coefficient was 0.92, and the intraclass correlation coefficient was registered at 0.95, which underscored the excellent reliability of measurements. Furthermore, random errors estimated using the Dahlberg formula indicated measurement errors of 0.87 mm for linear measurements and 0.62 degrees for angular measurements. These values were well within the acceptable ranges and affirmed the reliability and accuracy of the measurement methodology.



The prevalence of skeletal discrepancy among skeletal Class III subjects revealed its highest occurrence in the OMx+OMd group, which accounted for 45.26% of the cases (Figure 1 and Table 2). In descending order, prevalence was observed in the OMx+PMd, RMx+OMd, and PMx+PMd groups. The examination of the SNA and SNB values indicated jaw malpositions were categorized into subgroups. Notably, the most substantial jaw discrepancy was evident in the OMx+PMd subgroup, while the PMx+PMd subgroup exhibited the least disparity. Moreover, the assessment of the vertical relationship unveiled distinct characteristics within the subgroups. Specifically, the OMx+PMd and RMx+OMd subgroups demonstrated normodivergent profiles, while both the OMx+OMd and PMx+PMd subgroups exhibited hyperdivergent patterns.



In comparison with the skeletal Class I group, it was evident that most skeletal Class III groups revealed greater U1 proclination with the exception of the PMx+PMd group, which exhibited standard inclination. Conversely, when assessing U1-PP, all groups demonstrated a regular inclination compared to the skeletal Class I group. Moreover, a significant finding emerged as most groups displayed considerable L1 retroclination in contrast to the skeletal Class I group with the most pronounced retroclination observed in the OMx+PMd subgroup. However, the OMx+OMd subgroup maintained a standard L1 inclination. Across all skeletal Class III groups, a normal L1 position was consistently observed (Table 3 and Table 4).



In this study, three distinct groups characterized by varying degrees of mandible prognathism were systematically occluded with OMx (Table 5 and Table 6). Across all groups, a consistent observation emerged. The U1 exhibited uniform proclination and protrusion, which indicated a stable pattern of dental positioning irrespective of mandibular prognathism severity. In the OMx+OMd group, the L1 exhibited the least retroclination in comparison to OMx+PMd at one SD and two SDs where more pronounced retroclination was evident. Surprisingly, both PMd groups displayed no significant difference in L1 inclination.



An estimate equation to determine U1 inclination, considering U1-NA (mm), U1-PP, ANB, and SNA, was formulated using multiple linear regression analysis coefficients:


U1-NA (deg) = −23.85 + 0.715 (U1-NA (mm)) + 0.556 (U1-PP) − 0.365 (ANB) − 0.237 (SNA)











This equation indicates that U1-NA (degree) will have increased inclination with higher degrees of U1-NA (mm) and U1-PP. Conversely, U1-NA (degree) will have decreased inclination as the degrees of ANB and SNA increase.



Similarly, the inclination of L1-NB (degree) can be determined using multiple linear regression analysis coefficients:


L1-NB (deg) = −18.364 + 0.467 (L1-MP) + 0.539 (L1-NB (mm)) + 0.532 (ANB)











This equation suggests that L1-NB (degree) will have increased inclination with higher degrees of L1-MP, L1-NB (mm), and ANB.




4. Discussion


Skeletal Class III in this study was categorized based on jaw discrepancy with a minimum number of 11 films per group. Four groups that met these criteria were identified: PMx+PMd, OMx+PMd, OMx+OMd, and RMx+OMd. An additional group of RMx+RMd (n = 4) was presented but was excluded from the analysis. The compensation patterns of U1 (proclination) and L1 (retroclination) observed in OMx+PMd and RMx+OMd were the same as previously reported [22,23]. This study introduced two additional groups: OMx+OMd and PMx+PMd. The OMx+OMd group exhibited U1 proclination with L1 maintaining a normal inclination, whereas PMx+PMd showed normal U1 inclination with L1 retroclination. Unfortunately, no prior research is available for either OMx+OMd or PMx+PMd, which makes direct comparisons challenging. This study revealed that normal inclination could be found in specific skeletal Class III conditions.



In this study, one normal jaw was paired with different severities of the opposite jaw to compare incisor compensation. The orthognathic mandible with RMx showed U1 proclination and protrusion even though the mandibles were progressively anteriorly positioned, which indicated that U1 has limited compensation. The cause of this limited movement could be the equilibrium position of the tooth from the function of the upper lip [30].



When we paired an orthognathic maxilla with PMd in a contrasting investigation where the mandible protruded by one SD, a significant retroclination of 7.85 degrees was observed. However, after two SDs, the mandibular position increased, and compensation ceased. The initial compensation could be explained according to a previous study [17] that reported that the compensation mechanism existed to allow the upper and lower incisors to be accommodated in a normal relationship. Interestingly, no more retroclination occurred at two SDs, which could be considered as limited compensation; this may result from the mandibular incisors that are located within a narrow zone for the purposes of establishing equilibrium between the tongue and lips [31]. A different explanation could have to do with the force’s direction. Since the mandibular incisors are positioned somewhat parallel to the jaw’s closing arc, less movement is produced by the occlusal force, which can even stop lingual tipping if the incisors are flared [32]. The compensation pattern of U1 is instantaneous, whereas the compensation in L1 shows a substantial effect in the first SD; however, no further compensation takes place in the second SD difference. Until now, no explanation has been reported.



From the multiple linear regression equation for U1 degree, the maxilla (SNA) and jaw discrepancy (ANB) revealed a negative relationship, which implies that a greater posterior position of the maxilla leads to a greater jaw discrepancy and an increase in the incisor compensation of U1. It was reported [33] that skeletal Class III with a declining ANB is likely to be accompanied by maxillary incisor proclination that is compatible with the features of malocclusion [17,22].



Only jaw discrepancy (ANB) showed a positive relationship with the L1 degree, which implies that greater jaw discrepancy results in a greater increase in the incisor compensation of L1. Unfortunately, no mandibular position parameter was presented in this equation. The findings suggest that the compensation of L1 cannot be explained by the mandibular location [34], which indicates that the incisor compensation of the mandibular incisors is closely related to the skeletal discrepancies in skeletal Class III patients.



The limitations of the study were the age of the subjects, the lack of subgroups of RMx+RMd and RMx(2SDs)+OMd, and the vertical skeletal patterns (FH-MP). The study did not include growing subjects because (1) the maxilla and mandible are still developing and cease to develop at different times and (2) the maxillomandibular relationship can change, which affects incisor compensation. A lack of subgroups in RMx+RMd and RMx(2SDs)+OMd meant no information was available for these subgroups. The vertical skeletal patterns (FH-MP) in Table 2 indicated specific divergence in each subgroup. Therefore, the results of incisor compensation cannot be applied to patients with different FH-MP.



This study contributes to diagnostics in terms of incisor compensation in specific subgroups, which was found in all subgroups except for U1 in PMx+PMd and L1 in OMx+OMd. Therefore, the diagnostic accuracy of incisor compensation in these two subgroups must be assessed with caution. Information concerning incisor compensation can be useful for treatment planning as to whether or not incisor decompensation should be applied in specific groups of orthognathic surgery patients. Also, the amount of incisor inclination adjustment should be considered in camouflage treatment for skeletal Class III patients based on the degree of incisor compensation. Class III camouflage patients usually present with a negative overjet; thus, orthodontists need to move U1 labially and L1 lingually to create a normal overjet. Therefore, either the PMx+PMd group with normal U1 inclination or the OMx+OMd group with L1 normal inclination could allow the clinicians to move either U1 labially or L1 lingually further than the incisors in the other groups that already have a proclined U1 or retroclined L1.



This study was a sagittal cephalometric investigation that did not include model measurement data, vertical cephalometric measurements, or soft tissue function factors that report the relationships relative to incisor inclination. Further research could focus on these factors: extent of crowding [35], level of dental malocclusion [36], morphology of the dental arch [37], vertical facial morphology [38], presence of open bite [39], occlusal plane angle [40], deviation [41], lip pressure [42], and tongue pressure [43]. Further studies for a better understanding of incisor compensation should include these factors. Furthermore, clinical studies regarding either decompensation in orthognathic surgery or camouflage orthodontic treatment to understand the changes in incisor decompensation after these treatments would be interesting. Moreover, further studies could be useful for esthetics since incisor inclination is related to the facial profile [44,45].




5. Conclusions


Maxilla (SNA) and jaw discrepancy (ANB) were inversely related to the U1 degree, whereas only jaw discrepancy (ANB) was positively related to the L1 degree. U1 in PMx+PMd and L1 in OMx+OMd showed no incisor compensation. U1 had limited compensation even with progressive maxillary retrognathism while L1 showed limited compensation after one SD mandibular prognathism.







Author Contributions


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




Funding


This research was funded by the Faculty of Dentistry and Prince of Songkla University.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board for human patients of the Faculty of Dentistry, Prince of Songkla University (protocol EC6410-064, approval date: 28 October 2021).




Informed Consent Statement


Patient consent was waived because the patient’s identity was neither disclosed nor compromised.




Data Availability Statement


The data presented in this study are available upon request from the corresponding author.




Acknowledgments


We would like to thank the Graduate School, the Faculty of Dentistry, and Prince of Songkla University for grant support.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Ngan, P.; Moon, W. Evolution of Class III Treatment in Orthodontics. Am. J. Orthod. Dentofac. Orthop. 2015, 148, 22–36. [Google Scholar] [CrossRef] [PubMed]

	



Ellis, E., 3rd; McNamara, J.A., Jr. Components of Adult Class III Malocclusion. J. Oral Maxillofac. Surg. Off. J. Am. Assoc. Oral. Maxillofac. Surg. 1984, 42, 295–305. [Google Scholar] [CrossRef] [PubMed]

	



Dietrich, U.C. Morphological Variability of Skeletal Class 3 Relationships as Revealed by Cephalometric Analysis. Rep. Congr. Eur. Orthod. Soc. 1970, 46, 131–143. [Google Scholar]

	



Sanborn, R.T. Differences between the Facial Skeletal Patterns of Class III Malocclusion and Normal Occlusion. Angle Orthod. 1955, 25, 208–222. [Google Scholar] [CrossRef]

	



Jacobson, A.; Evans, W.G.; Preston, C.B.; Sadowsky, P.L. Mandibular Prognathism. Am. J. Orthod. 1974, 66, 140–171. [Google Scholar] [CrossRef] [PubMed]

	



Guyer, E.C.; Ellis, E.E., 3rd; McNamara, J.A., Jr.; Behrents, R.G. Components of Class III Malocclusion in Juveniles and Adolescents. Angle Orthod. 1986, 56, 7–30. [Google Scholar] [CrossRef] [PubMed]

	



Staudt, C.B.; Kiliaridis, S. Different Skeletal Types Underlying Class III Malocclusion in a Random Population. Am. J. Orthod. Dentofac. Orthop. 2009, 136, 715–721. [Google Scholar] [CrossRef] [PubMed]

	



Bui, C.; King, T.; Proffit, W.; Frazier-Bowers, S. Phenotypic Characterization of Class III Patients: A Necessary Background for Genetic Analysis. Angle Orthod. 2006, 76, 564–569. [Google Scholar] [CrossRef] [PubMed]

	



Steinmassl, O.; Steinmassl, P.A.; Schwarz, A.; Crismani, A. Orthodontic Treatment Need of Austrian Schoolchildren in the Mixed Dentition Stage. Swiss Dent. J. 2017, 127, 122–128. [Google Scholar] [CrossRef] [PubMed]

	



Perillo, L.; Masucci, C.; Ferro, F.; Apicella, D.; Baccetti, T. Prevalence of Orthodontic Treatment Need in Southern Italian Schoolchildren. Eur. J. Orthod. 2010, 32, 49–53. [Google Scholar] [CrossRef]

	



Lauc, T. Orofacial Analysis on the Adriatic Islands: An Epidemiological Study of Malocclusions on Hvar Island. Eur. J. Orthod. 2003, 25, 273–278. [Google Scholar] [CrossRef]

	



Thilander, B.; Pena, L.; Infante, C.; Parada, S.S.; de Mayorga, C. Prevalence of Malocclusion and Orthodontic Treatment Need in Children and Adolescents in Bogota, Colombia. An Epidemiological Study Related to Different Stages of Dental Development. Eur. J. Orthod. 2001, 23, 153–167. [Google Scholar] [CrossRef]

	



Narayanan, R.K.; Jeseem, M.T.; Kumar, T.A. Prevalence of Malocclusion among 10-12-Year-Old Schoolchildren in Kozhikode District, Kerala: An Epidemiological Study. Int. J. Clin. Pediatr. Dent. 2016, 9, 50–55. [Google Scholar] [CrossRef]

	



Akbari, M.; Lankarani, K.B.; Honarvar, B.; Tabrizi, R.; Mirhadi, H.; Moosazadeh, M. Prevalence of Malocclusion among Iranian children: A Systematic Review and Meta-Analysis. Dent. Res. J. 2016, 13, 387–395. [Google Scholar] [CrossRef]

	



Bilgic, F.; Gelgor, I.E.; Celebi, A.A. Malocclusion Prevalence and Orthodontic Treatment Need in Central Anatolian Adolescents Compared to European and Other Nations’ Adolescents. Dental Press. J. Orthod. 2015, 20, 75–81. [Google Scholar] [CrossRef]

	



Piao, Y.; Kim, S.J.; Yu, H.S.; Cha, J.Y.; Baik, H.S. Five-Year Investigation of a Large Orthodontic Patient Population at a Dental Hospital in South Korea. Korean J. Orthod. 2016, 46, 137–145. [Google Scholar] [CrossRef]

	



Bibby, R.E. Incisor Relationships in Different Skeletofacial Patterns. Angle Orthod. 1980, 50, 41–44. [Google Scholar] [CrossRef]

	



Troy, B.A.; Shanker, S.; Fields, H.W.; Vig, K.; Johnston, W. Comparison of Incisor Inclination in Patients with Class III Malocclusion Treated with Orthognathic Surgery or Orthodontic Camouflage. Am. J. Orthod. Dentofac. Orthop. 2009, 135, e141–e149; discussion 146–147. [Google Scholar] [CrossRef]

	



Pereira-Stabile, C.L.; Ochs, M.W.; de Moraes, M.; Moreira, R.W. Preoperative Incisor Inclination in Patients with Class III Dentofacial Deformities Treated with Orthognathic Surgery. Br. J. Oral. Maxillofac. Surg. 2012, 50, 533–536. [Google Scholar] [CrossRef]

	



Arriola-Guillén, L.E.; Flores-Mir, C. Molar Heights and Incisor Inclinations in Adults with Class II and Class III Skeletal Open-bite Malocclusions. Am. J. Orthod. Dentofac. Orthop. 2014, 145, 325–332. [Google Scholar] [CrossRef] [PubMed]

	



Molina-Berlanga, N.; Llopis-Perez, J.; Flores-Mir, C.; Puigdollers, A. Lower Incisor Dentoalveolar Compensation and Symphysis Dimensions among Class I and III Malocclusion Patients with Different Facial Vertical Skeletal Patterns. Angle Orthod. 2013, 83, 948–955. [Google Scholar] [CrossRef]

	



Li, C.; Cai, Y.; Chen, S.; Chen, F. Classification and Characterization of Class III Malocclusion in Chinese Individuals. Head. Face Med. 2016, 12, 31. [Google Scholar] [CrossRef]

	



Moreno Uribe, L.M.; Vela, K.C.; Kummet, C.; Dawson, D.V.; Southard, T.E. Phenotypic Diversity in White Adults with Moderate to Severe Class III Malocclusion. Am. J. Orthod. Dentofac. Orthop. 2013, 144, 32–42. [Google Scholar] [CrossRef]

	



Hong, S.X.; Yi, C.K. A Classification and Characterization of Skeletal Class III Malocclusion on Etio-Pathogenic Basis. Int. J. Oral. Maxillofac. Surg. 2001, 30, 264–271. [Google Scholar] [CrossRef]

	



Yang, I.H.; Choi, J.Y.; Baek, S.H. Characterization of Phenotypes of Skeletal Class III Malocclusion in Korean Adult Patients Treated with Orthognathic Surgery Using Cluster Analysis. Angle Orthod. 2022, 92, 537–546. [Google Scholar] [CrossRef]

	



de Frutos-Valle, L.; Martin, C.; Alarcón, J.A.; Palma-Fernández, J.C.; Ortega, R.; Iglesias-Linares, A. Sub-Clustering in Skeletal Class III Malocclusion Phenotypes via Principal Component Analysis in a Southern European Population. Sci. Rep. 2020, 10, 17882. [Google Scholar] [CrossRef]

	



Bhat, Z. Camouflage Treatment of Angle Class III Malocclusion in a Young Adult. Int. J. Orthod. Rehabil. 2017, 8, 154–158. [Google Scholar] [CrossRef]

	



Saloni, P.; Isha, S.M.; Merry, A.; Parveen, A. Treatment of Adult Class III Malocclusion with Orthodontic Camouflage: A 2 Case Report. J. Dent. Oral. Biol. 2023, 8, 1–7. [Google Scholar]

	



Shaikh, A.A.; Kumar, G.A.; Ramesh, G.C.; Chinthan, G.; Indra, S. Non-Surgical Correction of Class III Adolescent Patient with TADs and Damon System: A CASE report. APOS Trends Orthod. 2022, 12, 139–148. [Google Scholar] [CrossRef]

	



Weinstein, S.; Haack, D.C.; Morris, L.Y.; Snyder, B.B.; Attaway, H.E. On an Equilibrium Theory of Tooth Position. Angle Orthod. 1963, 33, 1–26. [Google Scholar] [CrossRef]

	



Proffit, W.R. Equilibrium Theory Revisited: Factors Influencing Position of the Teeth. Angle Orthod. 1978, 48, 175–186. [Google Scholar] [CrossRef]

	



Kim, S.J.; Kim, K.H.; Yu, H.S.; Baik, H.S. Dentoalveolar Compensation According to Skeletal Discrepancy and Overjet in Skeletal Class III Patients. Am. J. Orthod. Dentofac. Orthop. 2014, 145, 317–324. [Google Scholar] [CrossRef]

	



Ishikawa, H.; Nakamura, S.; Iwasaki, H.; Kitazawa, S.; Tsukada, H.; Chu, S. Dentoalveolar Compensation in Negative Overjet Cases. Angle Orthod. 2000, 70, 145–148. [Google Scholar] [CrossRef]

	



Knösel, M.; Engelke, W.; Attin, R.; Kubein-Meesenburg, D.; Sadat-Khonsari, R.; Gripp-Rudolph, L. A Method for Defining Targets in Contemporary Incisor Inclination Correction. Eur. J. Orthod. 2008, 30, 374–380. [Google Scholar] [CrossRef]

	



Yitschaky, O.; Neuhof, M.S.; Yitschaky, M.; Zini, A. Relationship between Dental Crowding and Mandibular Incisor Proclination during Orthodontic Treatment without Extraction of Permanent Mandibular Teeth. Angle Orthod. 2016, 86, 727–733. [Google Scholar] [CrossRef]

	



Hernández-Sayago, E.; Espinar-Escalona, E.; Barrera-Mora, J.M.; Ruiz-Navarro, M.B.; Llamas-Carreras, J.M.; Solano-Reina, E. Lower Incisor position in Different Malocclusions and Facial Patterns. Med. Oral Patol. Oral Cir. Bucal 2013, 18, e343–e350. [Google Scholar] [CrossRef]

	



Al-Mashhadany, S.M.; Saloom, J.E.; Nahidh, M. The Relation among Teeth and Maxillary Dental Arch Dimensions with Anterior Teeth Angulation and Inclination. Sci. World J. 2021, 2021, 8993734. [Google Scholar] [CrossRef]

	



Wu, T.Y.; Chang, T.F.; Wu, C.H. True Vertical Changes in Patients with Skeletal Class III Malocclusion after Nonsurgical Orthodontic Treatment-a Retrospective Study Comparing Different Vertical Facial Patterns. J. Dent. Sci. 2022, 17, 1096–1101. [Google Scholar] [CrossRef]

	



Lone, I.M.; Zohud, O.; Midlej, K.; Paddenberg, E.; Krohn, S.; Kirschneck, C.; Proff, P.; Watted, N.; Iraqi, F.A. Anterior Open Bite Malocclusion: From Clinical Treatment Strategies towards the Dissection of the Genetic Bases of the Disease Using Human and Collaborative Cross Mice Cohorts. J. Pers. Med. 2023, 13, 1617. [Google Scholar] [CrossRef]

	



Li, J.L.; Kau, C.; Wang, M. Changes of Occlusal Plane Inclination after Orthodontic Treatment in Different Dentoskeletal Frames. Prog. Orthod. 2014, 15, 41. [Google Scholar] [CrossRef]

	



Quast, A.; Santander, P.; Leding, J.; Klenke, D.; Moser, N.; Schliephake, H.; Meyer-Marcotty, P. Orthodontic Incisor Decompensation in Orthognathic Therapy-Success and Efficiency in Three Dimensions. Clin. Oral. Investig. 2021, 25, 4001–4010. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, E.; Sidhu, M.S.; Grover, S.; Dabas, A.; Malik, V.; Dogra, N. Measurement of Perioral Pressures at Rest and its Correlation with Dental Parameters in Orthodontic Patients with Different Occlusions. J. Clin. Diagn. Res. 2019, 13, 13–18. [Google Scholar] [CrossRef]

	



Koizumi, K.; Shintani, T.; Yoshimi, Y.; Higaki, M.; Kunimatsu, R.; Yoshioka, Y.; Tsuga, K.; Tanimoto, K.; Shiba, H.; Toratani, S. Impact of Maximum Tongue Pressure in Patients with Jaw Deformities Who Underwent Orthognathic Surgery. Diagnostics 2022, 12, 404. [Google Scholar] [CrossRef] [PubMed]

	



Contini, E.; Orthod, D.; Campi, S.; Caprioglio, A. Profile Changes following Lower Incisor Repositioning: A Comparison between Patients with Different Growth Pattern. Minerva Stomatol. 2015, 64, 75–85. [Google Scholar] [PubMed]

	



Derwich, M.; Minch, L.; Mitus-Kenig, M.; Zoltowska, A.; Pawlowska, E. Personalized Orthodontics: From the Sagittal Position of Lower Incisors to the Facial Profile Esthetics. J. Pers. Med. 2021, 11, 692. [Google Scholar] [CrossRef]








[image: Diagnostics 14 01021 g001] 





Figure 1. Illustrations of the skeletal and dental characteristics of each subgroup: Group 1, orthognathic maxilla and prognathic mandible (OMx+PMd); Group 2, retrognathic maxilla and orthognathic mandible (RMx+OMd); Group 3, orthognathic maxilla and mandible (OMx+OMd); and Group 4, prognathic maxilla and mandible (PMx+PMd). 
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Table 1. Definitions of the cephalometric variables used for analyzing the skeletal and dental aspects in this study.
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	Abbreviation
	Definition





	Skeletal
	



	SNA (degree)
	This angle is formed by a line through the SN plane and point A, which represents the relative anteroposterior position of the maxilla to the cranial base.



	SNB (degree)
	This angle is formed by a line through the SN plane and point B, which represents the relative anteroposterior position of the mandible to the cranial base.



	ANB (degree)
	This angle is formed by lines NA and NB and represents the relative anteroposterior position of the maxilla to the mandible. This measurement is commonly used in orthodontics to determine skeletal classification.



	FH plane
	The Frankfort horizontal plane is defined as a line passing through the lowest point of the lower margin of the orbitale (Or) and the uppermost points of Porion (Po).



	PP plane
	The palatal plane is a horizontal plane that passes through the points of the posterior nasal spine (PNS) and the anterior nasal spine (ANS).



	MP plane
	The mandibular plane is a horizontal plane that passes through the points Menton (Me) and Gonion (Go).



	FH-MP (degree)
	This is the angle between the Frankfort Horizontal plane and the mandibular plane.



	Dental
	



	U1-NA (degree)
	This angle is between the long axis (incisal edge to the apex of the root) of the maxillary central incisors (U1) and the NA plane.



	U1-NA (mm)
	The linear distance between the tip of the upper central incisor (U1) perpendicular to the NA line in millimeters.



	L1-NB (degree)
	This is the angle between the long axis of the mandibular incisors and the NB plane.



	L1-NB (mm)
	The linear distance between the tip of the lower central incisor (L1) perpendicular to the NB line in millimeters.



	U1-L1 (degree)
	This angle is between the long axis of the maxillary and mandibular central incisors.



	U1-PP (degree)
	This angle is between the long axis of the maxillary central incisors and the palatal plane.



	L1-MP (degree)
	This angle is between the long axis of the mandibular central incisors and the mandibular plane.



	OB (mm)
	This is the vertical overlap of the incisors.



	OJ (mm)
	This is the horizontal overlap of the incisors.










 





Table 2. Baseline parameters among different subgroups of skeletal Class III.
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Variables

	
Skeletal

	
OMx+PMd

	
RMx+OMd

	
OMx+OMd

	
PMx+PMd




	

	
Class I (SI)

	
Group 1

	
Group 2

	
Group 3

	
Group 4






	
Frequency

	
30

	
34

	
21

	
62

	
20




	
Proportions

	
N/A

	
24.82%

	
15.32%

	
45.26%

	
14.60%




	
Age

	
24.86 ± 2.65

	
25.23 ± 4.62

	
24.25 ± 2.36

	
25.01 ± 4.98

	
23.38 ± 2.56




	
Male/Female

	
14/16

	
15/19

	
10/11

	
29/33

	
9/11




	
SNA

	
83.27 ± 3.17

	
83.88 ± 1.30

	
76.75 ± 2.38

	
82.68 ± 1.85

	
92.60 ± 2.40




	
SNB

	
81.85 ± 3.77

	
91.92 ± 1.98

	
80.92 ± 2.43

	
83.35 ± 1.14

	
92.20 ± 2.99




	
ANB

	
3.76 ± 1.14

	
−8.08 ± 1.98

	
−4.17 ± 2.86

	
−0.67 ± 2.11

	
0.40 ± 0.59




	
FH-MP

	
22.54 ± 3.61

	
23.00 ± 4.51

	
24.50 ± 4.48

	
27.53 ± 5.36

	
29.40 ± 5.32








OMx+PMd: orthognathic maxilla and prognathic mandible; RMx+OMd: retrognathic maxilla and orthognathic mandible; OMx+OMd: orthognathic maxilla and mandible; PMx+PMd: prognathic maxilla and mandible; SI: skeletal Class I.













 





Table 3. Cephalometric parameters among subgroups of skeletal Class III.
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	Variables
	Skeletal Class I (SI)
	OMx+PMd Group 1
	RMx+OMd Group 2
	OMx+OMd Group 3
	PMx+PMd Group 4





	U1-NA (degree)
	23.25 ± 4.07
	30.92 ± 4.26
	35.92 ± 4.56
	32.05 ± 5.48
	28.0 ± 5.79



	U1-NA (mm)
	5.32 ± 1.23
	7.46 ± 2.99
	8.42 ± 3.73
	7.53 ± 2.20
	5.80 ± 1.25



	L1-NB (degree)
	32.03 ± 3.43
	20.08 ± 5.11
	21.08 ± 4.52
	28.49 ± 6.52
	24.80 ± 0.79



	L1-NB (mm)
	6.35 ± 1.32
	5.04 ± 2.99
	6.17 ± 4.17
	7.40 ± 3.44
	7.80 ± 0.62



	U1-L1 (degree)
	124.09 ± 4.75
	134.00 ± 7.41
	125.25 ± 5.71
	121.33 ± 5.50
	116.80 ± 3.23



	U1-PP
	119.46 ± 3.94
	123.84 ± 7.11
	123.25 ± 5.15
	123.32 ± 4.88
	123.80 ± 3.09



	L1-MP
	97.04 ± 3.79
	82.88 ± 5.04
	84.75 ± 5.07
	88.75 ± 5.77
	89.80 ± 2.25



	OB
	1.67 ± 0.67
	2.44 ± 2.52
	2.00 ± 2.00
	0.75 ± 1.34
	0.60 ± 0.40



	OJ
	1.66 ± 0.40
	−2.60 ± 2.18
	−2.08 ± 1.98
	−1.32 ± 1.21
	−2.00 ± 1.30







OMx+PMd: orthognathic maxilla and prognathic mandible; RMx+OMd: retrognathic maxilla and orthognathic mandible; OMx+OMd: orthognathic maxilla and mandible; PMx+PMd: prognathic maxilla and mandible; SI: skeletal Class I.













 





Table 4. Comparisons of p-values between groups.
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	Variables
	SI-1
	SI-2
	SI-3
	SI-4
	1–2
	1–3
	1–4
	2–3
	2–4
	3–4





	U1-NA (degree)
	<0.001 *
	<0.001 *
	<0.001 *
	0.184
	0.086
	1.000
	0.534
	0.490
	0.001 *
	0.020 *



	U1-NA (mm)
	0.002 *
	<0.001 *
	<0.001 *
	1.000
	1.000
	1.000
	0.058
	1.000
	0.005 *
	0.008 *



	L1-NB (degree)
	<0.001 *
	<0.001 *
	0.083
	0.001 *
	1.000
	<0.001 *
	0.159
	0.004 *
	1.000
	0.325



	L1-NB (mm)
	1.000
	1.000
	1.000
	<0.001 *
	1.000
	0.027 *
	<0.001 *
	1.000
	0.014 *
	0.007 *



	U1-L1 (degree)
	0.002 *
	1.000
	0.611
	<0.001 *
	0.223
	<0.001 *
	<0.001 *
	0.682
	0.002 *
	0.024 *



	U1-PP
	0.019 *
	0.602
	0.002 *
	0.019 *
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000



	L1-MP
	<0.001 *
	<0.001 *
	<0.001 *
	0.001 *
	1.000
	<0.001 *
	0.006 *
	0.436
	0.480
	1.000



	OB
	1.000
	1.000
	<0.001 *
	0.025 *
	1.000
	<0.001 *
	0.040 *
	0.151
	0.578
	1.000



	OJ
	<0.001 *
	<0.001 *
	<0.001 *
	<0.001 *
	1.000
	0.058
	1.000
	1.000
	1.000
	0.742







* Statistically significant difference (p < 0.05) by the Kruskal–Wallis test followed by Bonferroni tests. SI: skeletal Class I; Group 1: OMx+PMd; Group 2: RMx+OMd; Group 3: OMx+OMd; Group 4: PMx+PMd.













 





Table 5. Cephalometric parameters among different degrees of mandibular prognathism with orthognathic maxilla.
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	Variables
	OMx+OMd
	OMx+PMd (1 SD)
	OMx+PMd (2 SDs)





	Frequency
	62
	22
	12



	Proportions
	64.59
	22.91
	12.50



	SNA
	82.68 ± 1.85
	83.55 ± 1.60
	83.83 ± 1.03



	SNB
	83.35 ± 1.14
	87.55 ± 1.10
	91.92 ± 1.93



	ANB
	−0.67 ± 2.11
	−4.00 ± 1.57
	−8.08 ± 1.98



	FH-MP
	27.53 ± 5.36
	23.00 ± 5.51
	23.00 ± 4.51



	U1-NA (degree)
	32.05 ± 5.48
	30.95 ± 3.67
	30.08 ± 4.56



	U1-NA (mm)
	7.53 ± 2.20
	7.20 ± 2.21
	7.50 ± 3.50



	L1-NB (degree)
	28.49 ± 6.52
	20.64 ± 5.88
	19.25 ± 4.05



	L1-NB (mm)
	7.40 ± 3.44
	5.68 ± 2.61
	4.92 ± 3.55



	U1-PP
	123.32 ± 4.88
	123.73 ± 6.68
	123.75 ± 5.83



	L1-MP
	88.75 ± 5.77
	83.50 ± 6.36
	81.58 ± 3.24







OMx+PMd: orthognathic maxilla and prognathic mandible; RMx+OMd: retrognathic maxilla and orthognathic mandible; OMx+OMd: orthognathic maxi