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Abstract

:

The plane formed by the intersection of bilateral porions (PoR and PoL) and left orbitale (OrL) is conventionally defined as the Frankfort horizontal (FH) plane. We aim to test the influence of the FH plane definition on a 3D cephalometric assessment. We selected 38 adult patients (20 males, 18 females; average age: 22.87 ± 5.17 years) without any gross asymmetry from retrospective records and traced and analyzed their cone-beam computed tomographic images. The findings were categorized into the following four groups: FH1: conventional; FH2: PoR, PoL, right orbitale (OrR); FH3: OrR, OrL, PoL; FH4: OrR, OrL, PoR. The average menton (Me) deviation from the MSP was statistically significant for the FH1 group (0.56 ± 0.27 mm; p < 0.001), compared to the FH3 (1.37 ± 1.23 mm) and FH4 (1.33 ± 1.16 mm) groups. The spatial orientation level (SOL) of the FH plane showed a marked difference (p < 0.05) between the FH2 (0.602° ± 0.503°) and FH4 (0.944° ± 0.778°) groups. The SOL of the MSP was comparatively small (p < 0.001) for FH2 (0.015° ± 0.023°) in comparison to both FH 3 (0.644° ± 0.546°) and FH 4 (0.627° ± 0.516°). Therefore, the FH plane definition can significantly influence the interpretation of cephalometric findings. Future studies should focus on standardization to improve the reliability and reproducibility of 3D cephalometry.
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1. Introduction


The Frankfort Craniometric Agreement of August 1882 is considered a landmark development in anthropometrics. It developed a horizontal plane of reference, referred to as the Frankfort horizontal (FH) plane. The FH plane or the auriculo-orbital plane closely represents the natural head position. Thus, it was rapidly adapted for patient orientation in cephalometric imaging [1]. The use of this plane has been increasingly employed with the advancement of cephalometry in orthodontics. Various analytical parameters and norms are in tandem with the FH plane.



Craniofacial imaging modalities have undergone a marked evolution. Furthermore, 3D imaging modalities, such as cone-beam computed tomography (CBCT), have gained a large impetus. The ongoing advancement of CBCT imaging is concomitant with its rapid clinical adaptation for craniofacial analysis. The 3D perspective has made CBCT essential for the diagnosis of skeletal malformations, particularly concerning the assessment of facial symmetry [2]. However, the assessment standards have not kept pace amidst the increasing use of CBCT. Moreover, researchers often use variable definitions to describe similar cephalometric reference plane(s) [3]. Studies report on numerous combinations for defining the FH plane. The basic landmarks defining the plane are, namely, the orbitale (Or) and porion (Po). Nonetheless, researchers have used the variability among the choices viz. a four-point plane with bilateral Or and Po [4], a three-point plane with unilateral Po, Or [5], or a calculated median of either Po [6] and Or [7] landmarks.



All 3D analyses require the orientation of the acquired image. A digital orientation device is used to reproduce the natural head position (NHP) or landmark-based orientation [8]. The popularity of landmark-based orientation can be attributed to its ease of application. This, in turn, adds to the significance of landmark standardization for the reference planes, such as the FH plane [9]. Moreover, the corresponding midsagittal and coronal planes are oriented with reference to the established horizontal plane. In other words, the spatial orientation of the intracranial reference planes is interdependent. Moreover, a similar orientation methodology is applied to reorient the CBCT model to synthesize the cephalograms [8].



However, a change in the landmarks defining the horizontal reference plane increases the sensitivity of the dependent cephalometric landmark coordinates. Consequently, this influences the accuracy of the metric assessment. Furthermore, there is an inherent variation in Or and Po detection. This can produce notable transversal errors, particularly while using the FH plane to assess cranial symmetry [10].



The 3D cephalometric analysis draws its significance from the accuracy of the 3D assessment of skeletal deformity and asymmetry. Variable descriptions of reference planes have made the repeatability and reliability of the 3D analysis a challenging area of interest. However, the study design has been highly selective, with either a dry skull model [11,12] or high-resolution CT [11,12,13]. Furthermore, several studies have deployed specialized [9,14] or custom-coded software [3], factoring the generation of a threshold dependent model for analyses.



Therefore, we aim to evaluate the impact of changes in the FH plane definition on frontal symmetry analysis using a clinically adaptable protocol, such as one in an orthodontic specialty setup. Our null hypothesis is that geometric deviations between the planes do not significantly impact the diagnostic evaluation of facial symmetry.




2. Materials and Methods


2.1. Study Design and Patients


We collected retrospective records of adult patients who underwent orthodontic treatment at Yonsei University Dental Hospital, Seoul, the Republic of Korea, from October 2017 to April 2019. The inclusion criteria were as follows: (1) age >18 years; (2) menton (Me) deviation <2 mm, as measured by the perpendicular distance from the Me to the midsagittal plane (MSP); (3) available 3D CBCT before treatment; (4) CBCT data sets of a large field of view (FOV) and a voxel size ≤0.4 mm. The exclusion criteria for this study were as follows: (1) a history of orthodontic treatment or orthognathic surgery; (2) congenital craniofacial anomalies, such as cleft lip or palate; (3) a history of maxillofacial trauma; (4) inappropriate CBCT images because of artifacts, motion blurring, or beam hardening; (5) cases screened at geographically different locations with different protocols. Thirty-eight patients met the abovementioned criteria and were selected for further evaluation (Table 1).



Our study was approved by the institutional review board of Yonsei University Dental Hospital (2-2020-0059). It followed the tenets of the Declaration of Helsinki. All patients provided their written informed consent before the orthodontic treatment.




2.2. Image Acquisition


All patients were seated upright in a natural head position with their heads fixed with a chin cup and temple rests. The specifications of the CBCT images were acquired using an Alphard-3030 (Alphard Roentgen Ind., Ltd., Kyoto, Japan) at 80 kVp and 10 mA, with a 200 × 200 mm FOV and a voxel size of 0.39/voxel mm. We obtained the images as multifile Digital Imaging and Communications in Medicine (DICOM) files and analyzed them using the 3DAnalysis module of InVivo Dental 5.0 (Anatomage, San Jose, CA, USA). We selected 3D anatomical landmarks in accordance with previously published craniometry procedures (Table 2).




2.3. 3D cephalometric Analysis


2.3.1. Analysis of Symmetry


We maintained the original image orientation of the CBCT data and identified the landmarks on the 3D surface models directly in combination with multiplanar reformatting (MPR). We compared the differences in absolute distance between the measured parameters on the right and left against the MSP to evaluate frontal symmetry. We calculated the angular measurements to evaluate the respective roll angles against the horizontal reference plane (Figure 1).




2.3.2. Analysis of the Horizontal Reference Plane


The operator identified four landmarks (OrL, OrR, PoL, and PoR) to construct a plane in 3D. In addition, four possibilities of the FH plane were defined. FH1 (conventional FH plane) and FH2 were drawn using bilateral porions (PoR, PoL) to OrL and OrR, respectively. In contrast, FH3 and FH4 were drawn using the bilateral orbitale (OrR, OrL) to PoL and PoR, respectively. We evaluated the FH planes and their corresponding MSPs by comparing the angular differences (Figure 2).



We calculated the angles of planes FH2, FH3, and FH4 and an average based on FH1. The value was used to estimate the relative spatial orientation level (SOL) of the FH planes. We used Equation (1) to obtain the normal vector of each plane from the three landmarks. We calculated the angle between the planes using Equation (2).



A normal vector  n  of the plane passing through three points    p 1  ,    p 2  ,    p 3    is computed by


  n =  (   p 2  −  p 1   )  ×  (   p 3  −  p 1   )   



(1)







And the angle  θ  of two planes is computed by


  θ =   cos   − 1    (     n 1  ·  n 2    ∥  n 1  ∥ ∥  n 2  ∥    )     



(2)




where    n 1  ,    n 2    are normal vectors of two planes and   ∥ · ∥   denotes the Euclidean norm (Figure 2). SOL acts as an indicator of deviation between the planes, such that an increase in SOL represents an increase in the variation between the FH and MSP planes. The FH plane and MSP plane measures for each patient were calculated using Pytorch (v1.5.1) software.





2.4. Reliability


A single observer traced the anatomical landmarks in 10 patients, twice in 2 weeks. The estimated intraexaminer correlation (ICC) coefficient was good to excellent for landmarks in all axes (coronal and sagittal: ICC ≥ 0.990, axial: ICC ≥ 0.755).




2.5. Statistical Analyses


All statistical analyses were performed using SPSS software for Windows, version 22.0 (IBM Corp., Armonk, NY, USA). We used G*Power 3 (Dusseldorf, Germany) for calculating the sample size. This facilitated the detection of statistical significance in the Me deviation with the change in the FH plane. We obtained a minimum sample size of 32 at a significance level of p < 0.05, power of 80%, and effect size of 0.8. All 38 retrospective records that met the inclusion criteria were selected for analysis.



We used a one-way analysis of variance (ANOVA) followed by Tukey’s test to compare the absolute differences between the measurements based on the four FH planes. One-way ANOVA was also used to compare the SOL, distance, and angle between the FH planes and the corresponding MSP. A p-value < 0.05 was considered statistically significant. In addition, we conducted a linear-by-linear association test to compare the deviation of Me from MSP between the groups.





3. Results


3.1. Comparison of Angular Measurements Between the Planes


Table 3 summarizes the differences in the SOL, calculated with reference to FH1. The angular differences in relation to FH1 were significant when comparing the SOL values of FH2–4. FH2 and FH3 SOL were similar in magnitude. Nonetheless, FH4 showed a significantly higher SOL (p < 0.05). The corresponding MSPs also showed a significant difference (p < 0.001). However, the SOL difference of MSP in the FH2 group was significantly smaller than those in the FH3 and FH4 groups, without any statistical significance (Figure 3).




3.2. Comparison of the Absolute Difference Measurements


There was no substantial variation in the absolute difference in cephalometric measurements between the linear and angular values of the right and left sides when compared pairwise with different groups. However, we observed a notable difference in the values between the planes in Me to MSP. In addition, we recorded a statistically significant difference (p < 0.001) in the pattern of FH3 ≈ FH4 > FH1 ≈ FH2 (Table 4).




3.3. Comparative Assessment With MSP


3.3.1. Me Deviation Frequency


Table 5 summarizes the analysis of the deviation in the Me and the differences with respect to different FH plane orientations, as calculated with the linear-by-linear association test. We observed 100% case concordance to the subject selection criteria, with FH1 (0.56 ± 0.27 mm) and FH2 (0.55 ± 0.28 mm), thus showing a Me deviation below 2 mm. However, we recorded a distinct redistribution in the FH3 (1.37 ± 1.23 mm) and FH4 (1.33 ± 1.16 mm) reference planes. A statistically substantial deviation measurement >2mm (p < 0.001) was recorded in more than 18% of cases for a similar group of samples (Figure 4A).




3.3.2. Bilateral Variation in Antegonion


Considering the significant difference in the anterior mandibular landmark, Me, with MSP in transverse measurement, we conducted a further statistical analysis of the bilateral variation for Ag (posterior mandibular landmark). There was a statistically significant difference (p < 0.05) between the right and left sides for both FH1 and FH2 groups. Despite similar patterns (right > left) of transverse measurements at Ag among all four groups, FH3 and FH4 showed no statistically significant difference.






4. Discussion


The variation in methods of defining a plane depends on the selected points while transferring the definition of a 2D plane to a 3D plane. The variations in the different FH plane definitions arise from the number of landmarks involved and the orientation preferences. However, the rationales behind the choice are either not stated or are circumstantial, thus leading to an element of contention.



Several studies have reported on such variations in the past decade. They have focused on identifying a new reference point or new horizontal plane of reference [14,20]. However, the abovementioned studies differ from the practical application of 3D CBCT analysis, one that can be adapted in a clinical setup. Researchers have drawn their conclusions using customized setups that necessitate the extraction of threshold-based stereolithographic (STL) models. This, in turn, would not be viable in a typical clinical setup [3,20]. Pittayapat et al. suggested the use of an internal acoustic foramen as an alternative landmark for superior reproducibility, compared to Po [20]. However, in contrast to their study that involved the use of dry human skulls, soft tissue interaction and the limitation of exposure dose pose challenges to the effective visualization of intracranial landmarks in a clinical scenario. Similarly, Park et al. suggested substituting the inion (tip of the external occipital protuberance) for Po, thus making it essential to capture a large FOV image, with an increase in the anteroposterior dimension [11].



We used a commercially designed software for clinics without additional customization in the acquired images or code. Furthermore, our subjects included the cases indicated for a CBCT scan, using FOV in the ethical guidelines [21] and abiding by the “as low as diagnostically acceptable” (ALADA) [22] principle.



Lonic et al. reported higher discordance and lower specificity while using alternate planes for cephalometric evaluation [14]. This suggests the importance of the FH plane and the significance of its evaluation for its basic possible permutations (FH1 to FH4). This was in agreement with our objectives.



Previous studies have also reported a similar objective to compare the influence of different horizontal reference planes in cephalometry. Santos et al. [3] compared all four definitions, FH1 to FH4, used in the present study, along with the constructed medial points. However, their study was limited to common anteroposterior measurements. In contrast, Oh et al. [12] and Yoon et al. [23] included only FH3 or FH4 and limited the comparison to the occlusal cant and landmark deviation, respectively. Pittayapat et al. [20] conducted a pairwise comparison for the absolute angular differences for the horizontal planes. However, the included planes comprised the derived landmarks, and they did not consider the standard definition (FH1). Notwithstanding the cephalometric comparison reported in the abovementioned studies, they did not report an objective assessment of the deviation between the planes (SOL), unlike the present study.



Alternate definitions for the FH plane in 3D cephalometry have often advocated the use of a median landmark for either porion or orbitale [24]. Adherence to such a definition will incorporate a constructed point, calculated based on the underlying algorithm. Thus, it will present a tendency to vary within the range of anatomical coordinates. In other words, a median-constructed landmark will offer one of the multiple possibilities of a plane within the range of the defined anatomic landmarks (Or and/or Po). The SOL comparison validates the presence of significant differences, even with anatomical landmarks. Nonetheless, we observed a good to excellent ICC for the individual landmarks. Therefore, larger possibilities of intermediary reference planes can occur in cases of higher SOL, with constructed reference points at different levels.



In addition, our study also presented and compared the SOL for the MSP formed in the individual groups. The assessment of facial symmetry while establishing a treatment plan is based on the MSP. Thus, a change in the MSP can either underestimate or overestimate the degree of asymmetry. Ras et al. recommended the use of a plane that is perpendicular to the horizontal reference plane to define the MSP [25]. A recently published study by An et al. compared the groups of MSPs constructed with and without the FH plane. It suggested using MSPs that are perpendicular to the FH plane in clinical practice [26]. The horizontal plane should be defined in reference to the MSP to reduce the dependence of the latter on the FH plane [23]. However, the deviation of the median landmarks used to define the MSP can show an inherent variation, particularly for skeletal asymmetry. Furthermore, the bilateral Po and Or are not always coplanar [27]. Hence, a horizontal reference plane based on a predefined MSP will result in a new plane, with or without the traditional landmarks (Or and Po).



Me deviation serves as a reliable marker for the assessment and surgical correction of asymmetry. This can be attributed to the close relationship between the direction of canting and deviation of the Me point [28]. In addition, it also impacts the perception of symmetry for laypersons and professionals. This calls for the need for surgical correction to restore the transverse facial balance [29]. Therefore, we used similar guidelines to measure Me deviation by keeping a constant MSP definition while altering the FH plane group-wise. However, there were significant differences in the amount of Me deviation. FH1 and FH2 showed a significantly lower deviation, which was in corroboration with the preliminary findings, thus showing no gross asymmetry. In contrast, the Me to MSP distance presented an asymmetry >4 mm in more than 5% cases while referencing FH3 and FH4. This overestimation represented a perceptible gross asymmetry of the face [30]. The findings of FH3 and FH4 were also observed by Lin et al. [9], who did not find any difference in the measurements from Me to MSP between the two reference planes. However, their study did not include FH1 and FH2. Subsequently, the researchers did not conduct an intergroup comparison, as in the present study. Both over- and underestimation of the changes in the transverse dimension can potentially affect the overall treatment plan in the case of orthognathic surgery for a functional and aesthetic correction. The similarity between the asymmetry findings for FH1–2 and FH3–4 could be argued by the way a plane is defined in 3D coordinate space, using three points and a normal vector. Thus, it can be implied that the commonality of landmarks between the planes gives similar outcomes.



In addition, measurements in FH1 and FH2 revealed a statistically significant difference in the bilateral transverse dimension from Ag. Despite the statistical insignificance of the absolute differences, the selection of either FH1 or FH2 can lead to the overestimation of the mandibular transverse width.



Our study comprised retrospective data where gross asymmetry was ruled out during the preliminary examination. However, we observed variations in the results with changes in the definition of the FH plane (FH1–4). Thus, such variations will likely also present in patients diagnosed with gross asymmetry, which in terms of clinical implication can be seen as magnified deviations from the norms. In a maxillofacial clinical practice, cephalometric measurement forms an integral tool to obtain accurate values for treatment planning. Application of CBCT data in virtual design and 3D printing also demands an accurate analysis to help the clinicians execute a precise design for appliances such as surgical splints and guides. Moreover, the variation between the FH plane definition also indicates a confounding factor when comparing reference literature based on different definitions of the horizontal reference plane.



Our study had some limitations, such as a relatively small sample size and sample selection from a single-center source. Furthermore, the presence of a nonhomogenous malocclusion cohort, racial diversity, and geographically different screening protocols can potentially affect the outcomes. However, unlike previous literature, our study did not aim to establish a new plane or suggest new reference points. Rather, it focused on the analysis of differences between the existing methods of defining the FH reference plane.



An underlying cause that induces a notable variation in 3D cephalometry could be inferred from our findings. However, it does not suffice to propose a standard methodology at this stage. Future studies with multicentric data collection are needed to make progress towards the standardization of 3D cephalometrics to ensure repeatability.




5. Conclusions


Our study objectively compared the differences between the four definitions of the FH plane using anatomic landmarks. Our findings were conclusive to reject the null hypothesis. The variations in the FH planes were significantly different from each other and in the interpretation of facial symmetry using 3D cephalometry. Future studies should focus on standardization to improve the reliability and reproducibility of 3D cephalometry.
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Figure 1. Schematic representation of the 3D image of symmetry analysis. (A) The absolute distance differences were calculated as the distance differences between the right and left sides in millimeters and (B) the angular difference between the planes in degrees (Table 1). 
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Figure 2. Calculation of the angle  θ  between the different Frankfort horizontal (FH) planes, where n1 and n2 are the normal vectors of the two planes. 
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Figure 3. Comparison of the different spatial orientation levels (SOLs) of an increasing magnitude from column (A–C). An increase in the deviation in the Frankfort Horizontal (FH) plane results in a corresponding difference in the midsagittal plane (MSP), defined by nasion (N) and sella points. FH and MSP are color-coded to improve visualization of the differences (FH1: yellow; FH2: green; FH3: purple; FH4: pink). All numerical values are in degree angles. 
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Figure 4. Influence of the different FH plane definitions on the (A) Me deviation and (B) bilateral Ag to MSP (error bars represent standard deviation). Me, menton; Ag, antegonion; MSP, midsagittal plane. Differences in the lower-case letters indicate a significant difference between the groups. * p < 0.05, *** p < 0.001. 
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Table 1. Sample characteristics (n = 38).






Table 1. Sample characteristics (n = 38).









	Variable
	





	Gender, n (%)
	



	Male
	20 (52.6)



	Female
	18 (47.3)



	Age in years (range)
	22.87 ± 5.17 (18–38)



	Skeletal Classification
	



	Class I (ANB 0°–4°)
	13 (34.2)



	Class II (ANB > 4°)
	8 (21.0)



	Class III (ANB < 0°)
	17 (44.7)



	SN to MP (°)
	



	 < 27
	2 (5.2)



	27–37
	16 (42.1)



	 > 37
	20 (52.6)







Data are presented as n (%) or mean ± SD. ANB, angle of the lines connecting point A, the nasion, and point B; SN-MP, angle of the plane formed by the sella and the nasion to the mandibular plane formed by the gonion and the menton.
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Table 2. Definition of the landmarks and 3D cephalometric reference planes and measurements for the evaluation of symmetry.
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	Variables
	Definition





	Landmark
	



	Orbitale left and right (OrL, OrR)
	The most inferior point on the orbital margin [3]



	Porion left and right (PoL, PoR)
	The most superior point of margin of the external acoustic meatus [3]



	Jugale left and right (JL, JR)
	Most inferior midpoint of the concavity at the zygomaticomaxillary process [15]



	Condylion left and right (CoL, CoR)
	The most superior aspect of the condyle head [16]



	Gonion left and right (GoL, GoR)
	The surface point at each mandibular angle, which is defined by the perpendicular from the intersection point of the tangent lines to the posterior margin of the mandibular vertical ramus and inferior margin of the mandibular body on the sagittal view



	Antegonion left and right (AgL, AgR)
	Deepest point of antegonial notch of mandible [17]



	Upper first molar left and right (U6L, U6R)
	The most inferior point of the mesiobuccal cusp tip of the upper first molar



	Menton (Me)
	The most inferior midpoint in the bony symphysis [15]



	Plane
	



	Frankfort horizontal plane 1 (FH1)
	Horizontal plane connecting PoR, PoL, OrL



	Frankfort horizontal plane 2 (FH2)
	Horizontal plane connecting PoR, PoL, OrR



	Frankfort horizontal plane 3 (FH3)
	Horizontal plane connecting OrR, OrL, PoL



	Frankfort horizontal plane 4 (FH4)
	Horizontal plane connecting OrR, OrL, PoR



	Midsagittal plane 1 (MSP1)
	A plane passing through the nasion (Na) and sella (S) and perpendicular to the FH1.



	Midsagittal plane 2 (MSP2)
	A plane passing through the nasion (Na) and sella (S) and perpendicular to the FH2.



	Midsagittal plane 3 (MSP3)
	A plane passing through the nasion (Na) and sella (S) and perpendicular to the FH3.



	Midsagittal plane 4 (MSP4)
	A plane passing through the nasion (Na) and sella (S) and perpendicular to the FH4.



	3D Cephalometric Measurements
	



	U6 to FH (mm)
	Absolute distance difference between FH plane and U6 on left and right sides



	Ag to FH (mm)
	Absolute distance difference between the FH plane and antegonion on left and right sides



	J to MSP (mm)
	Absolute distance difference between J and midsagittal plane on left and right sides



	Ag to MSP (mm)
	Absolute distance difference between Ag and midsagittal plane on left and right sides



	Me to MSP (mm)
	Distance between the Me and MSP



	Occlusal plane cant (°)
	Angle formed by the line connecting U6L and U6R and FH plane [18]



	Mandibular gonial cant (°)
	Angle formed by the line connecting the left and right antegonion and the FH plane [19]



	Ramal inclination (°)
	Absolute angle difference between angle formed by the FH plane and the posterior border of the ramus by the line connecting Go and Co, on left and right sides [17]










[image: Table] 





Table 3. Comparison of the spatial orientation level (SOL) between the FH planes with FH1.
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	Variable
	FH2
	FH3
	FH4
	p-Value





	Frankfort Horizontal Plane
	0.602 ± 0.503 A
	0.639 ± 0.539 A,B
	0.944 ± 0.778 B
	0.034



	Midsagittal Plane
	0.015 ± 0.023 A
	0.644 ± 0.546 B
	0.627 ± 0.516 B
	<0.001







p-values were calculated using one-way ANOVA with Tukey’s HSD (α = 0.05). Significant differences within each row are represented by uppercase letters (A < B).
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Table 4. Comparison of each variable according to each FH plane.
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	Variables
	Group
	Mean ± SD
	p-Value





	U6 to FH (mm)
	FH1
	1.18 ± 1.05
	1.000



	
	FH2
	1.18 ± 1.06
	



	
	FH3
	1.17 ± 1.17
	



	
	FH4
	1.16 ± 1.18
	



	Ag to FH (mm)
	FH1
	1.40 ± 1.04
	0.991



	
	FH2
	1.40 ± 1.05
	



	
	FH3
	1.47 ± 1.37
	



	
	FH4
	1.47 ± 1.37
	



	J to MSP (mm)
	FH1
	1.89 ± 1.44
	0.750



	
	FH2
	1.90 ± 1.45
	



	
	FH3
	1.64 ± 1.34
	



	
	FH4
	1.65 ± 1.33
	



	Ag to MSP (mm)
	FH1
	3.05 ± 2.86
	0.978



	
	FH2
	3.08 ± 2.89
	



	
	FH3
	2.87 ± 2.72
	



	
	FH4
	2.86 ± 2.73
	



	Me to MSP (mm)
	FH1
	0.56 ± 0.27 A
	<0.001



	
	FH2
	0.55 ± 0.28 A
	



	
	FH3
	1.37 ± 1.23 B
	



	
	FH4
	1.33 ± 1.16 B
	



	Occlusal plane cant (°)
	FH1
	1.25 ± 1.13
	1.000



	
	FH2
	1.25 ± 1.13
	



	
	FH3
	1.25 ± 1.26
	



	
	FH4
	1.24 ± 1.27
	



	Mandibular gonial cant (°)
	FH1
	0.88 ± 0.66
	0.989



	
	FH2
	0.89 ± 0.66
	



	
	FH3
	0.93 ± 0.89
	



	
	FH4
	0.93 ± 0.88
	



	Ramal inclination (°)
	FH1
	2.08 ± 1.73
	0.915



	
	FH2
	2.08 ± 1.72
	



	
	FH3
	2.31 ± 1.98
	



	
	FH4
	2.28 ± 1.97
	







p-values were calculated using one-way ANOVA with Tukey’s HSD. Means followed by a common upper-case letter are not significantly different at p < 0.001(A < B).
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Table 5. Frequency change of the amount of mention (Me) deviation according to each FH plane.
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Variable

	
FH1

	
FH2

	
FH3

	
FH4

	
p-Value






	
Me to MSP (mm)

	
≤2.0

	
38 (100)

	
38 (100)

	
29 (76.3)

	
31 (81.6)

	
0.001




	
2.0 to 4.0

	
0 (0)

	
0 (0)

	
7 (18.4)

	
4 (10.5)

	




	
≥4.0

	
0 (0)

	
0 (0)

	
2 (5.3)

	
3 (7.9)

	








Data are presented as numbers (%). The p-value was calculated using linear-by-linear association.
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