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Abstract 

Introduction: There are several studies that associate malocclusions and different skeletal Classes 

with the position of the hyoid bone. Accordingly, the performance of orthodontic treatment aims 

to optimize the equilibrium of the dental arches in relation to the skeletal structures. So, as the 

hyoid bone is attached to the mandible by muscles, adjustments on the mandibular position by the 

orthodontic treatment, may also cause changes in hyoid position. 

Objective: Analyze the hyoid position with respect to different skeletal Classes, dental 

malocclusions, facial type and phase of treatment through the assessment of cephalometric 

radiography before and after the orthodontic treatment. 

Materials and Methods: The sample consisted of 158 individuals (69 males and 89 females) at 

T0 (time before orthodontic treatment) and T1 (immediately after completion of orthodontic 

treatment) randomly selected from all patients treated in the Orthodontic Department of the 

Faculty of Dental Medicine of University of Porto. The cephalograms were gathered and the data 

collected and treated was anonymized. Statistical processing was made with SPSS® software 

using Student’s T test and the analysis of variance. A significant level of 5% (p< 0,05) was 

considered. 

Results: The increase of the distance C3-RGn was statistically significant in patients with Class 

II division 1 malocclusion, with skeletal Class II pattern, mesofacial and in patients not treated on 

a 1st phase treatment. The increase of C3-H distance was statistically significant in all dental and 

skeletal Classes, all facial types and patients with and without 1st phase treatment, except for 

skeletal and dental Class III patients. Related to the distance H-RGn, H-H’ and the HP angle, no 

differences were found from T0 to T1. 

Conclusion: Considering its bidimensional relation, the hyoid bone adopted a forward position 

related to cervical spine but its relation with the mandible didn’t suffer significant alterations.  
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Resumo 

 

 

Introdução: Existem diversos estudos que associam más-oclusões e diferentes classes 

esqueléticas com a posição do osso hióide. Nessa conformidade, o desempenho do tratamento 

ortodôntico tem como objetivo otimizar o equilíbrio das arcadas dentárias em relação às estruturas 

esqueléticas. Deste modo, como o osso hióide está conectado à mandibula por músculos, 

alterações na posição da mandíbula devido ao tratamento ortodôntico podem também causar 

alterações na posição do hióide.   

Objetivo: Analisar a posição do osso hióide nas diferentes Classes esqueléticas, Classe dentária, 

tipo facial e fase de tratamento através da avaliação de radiografias cefalométricas antes e após o 

tratamento ortodôntico. 

Materiais e Métodos: A amostra consistiu em 158 indivíduos (69 do sexo masculino e 89 do sexo 

feminino) em T0 (antes do tratamento ortodôntico) e T1 (imediatamente após a conclusão do 

tratamento ortodôntico) aleatoriamente selecionados a partir de todos os pacientes tratados no 

Departamento de Ortodontia da Faculdade de Medicina Dentária da Universidade do Porto. As 

telerradiografias foram reunidas e os dados colhidos e tratados foram anonimizados. O tratamento 

estatístico foi realizado com o software SPSS® utilizando teste T-student e análises de variância. 

Um nível de significância de 5% (p<0.05) foi considerado. 

Resultados: O aumento da distância C3-RGn foi estatisticamente significativo em pacientes com 

Classe II divisão 1, com Classe II esquelética, mesofaciais e pacientes sem tratamento de 1ªfase. 

O aumento da distância C3-H foi estatisticamente significativo em todos as Classes dentárias e 

esqueléticas, todos os tipos faciais e pacientes com e sem tratamento de 1ª fase, exceto em 

pacientes com Classe III dentária e esquelética. Em relação à distância H-RGn, H-H’ e o ângulo 

HP não foram encontradas diferenças de T0 para T1. 

Conclusão: Considerando a sua relação bidimensional, o osso hióide adotou uma posição mais 

anterior em relação à cervical mas a sua relação com a mandíbula não sofreu alterações 

significativas. 
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Introduction  
 

The hyoid bone is the only bone that doesn’t articulate with other bones (1, 2), it is 

suspended in the soft tissue through muscles and ligaments (3, 4), making its movement 

and posture dependent on these attachments (5, 6). It is located at the root of the tongue (7) 

and connected and influenced by the mandible, pharynx, tongue, sternum, scapula, 

thyroid cartilage, cranium and cervical spine (1, 3, 8-11). So, its position is defined by oral 

functions, tongue activity and mostly by the mutual work of two major groups of muscles, 

suprahyoids and infrahyoids. In addition to their functions, they also have a significant 

role determining cervical spine curvature (5, 9, 10).  The hyoid maintains the respiratory 

passage and allows respiratory sufficiency with anchorage of the tongue (3) and due to the 

link with epiglottis by the hyo-epiglottic ligament, the hyoid modify the epiglottic 

position during breathing (12). Then, because of its relation with mandible, it takes part in 

movements like swallowing, chewing and speech and in the control and support of the 

head posture (4, 13).  

Researchers (4, 9, 14) have shown that the position of the hyoid bone remains constant in 

relation with cervical spine since the age of three years old (10, 15). During puberty it can 

change into a slightly forward position and is usually constant between the inferior half 

of C3 vertebra body and the superior half of the C4 vertebra (7-10, 14, 16). In adulthood, its 

position is connected to the anterior inferior angle of C3. As the hyoid descends during 

cervical, cranial and mandibular development (5, 17), its relative position with these 

structures maintains the same (8). 

In the literature, it has been shown that changes in mandibular position are related to 

hyoid bone changes (18, 19) because it is connected with mandible by geniohyoid, anterior 

digastric and mylohyoid muscles (20-22). The hyoid position adapts to anterior-posterior 

changes in head posture (3, 17) and during functions like swallowing and breathing (4, 10). 

Since hyoid bone position has been related with malocclusion (5), the orthodontic 

treatment can cause changes in the hyoid position (1, 3, 10, 20).                                                          

 

The objective of orthodontic treatment is to provide esthetic, function and structure (23), 

as well as to achieve a neutral bite by dentoalveolar compensation for the skeletal 
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discrepancy (3).  Orthodontists, in addiction to carefully measuring malocclusions (24, 25) 

and to predict the implications of facial type variations (26), need to evaluate adjacent 

structures like the hyoid bone once it has an important role maintaining the size of upper 

airway. So, changes in the development of maxilla and mandible due to an orthodontic 

treatment cause changes in the pharynx volume followed by changes in the hyoid position 
(1). 

Cephalometric analysis, among other functions (27-32), is essential in the orthodontic 

treatment (33). Cephalometry allows to quantify the dental, skeletal and soft tissue 

relationships of the craniofacial complex (3) and also assess craniocervical angulation, 

pharyngeal relationships, soft palate dimensions and hyoid bone position (34). The 

treatment outcomes (35) can also be analyzed since the beginning of orthodontic treatment 

and throughout growth. 

 

The hyoid position can be assessed by the hyoid triangle (4, 9, 36-39). The anteroposterior 

hyoid position is determined by the dimension of C3-RGn and H-RGN, the vertical 

position is determined by the intersection of C3-RGn and the perpendicular of the H point. 

The angular position by the intersection of the C3-RGn and C3-H (4, 9). This method is an 

alternative to other analysis based on cranial points and angles as reference (8, 16, 17, 40, 41) 

to the hyoid position, which are more influenced by the head posture, resulting in an 

apparent variation of the hyoid bone (4). The cervical spine curvature is assessed by tracing 

the hyoid triangle, and through the vertical hyoid position it is possible to determine if 

there is a curvature inversion, a rectification or a physiological cervical lordosis (10, 36, 37).  

 

The aim of this study was to evaluate the relation of the hyoid with the adjacent structures 

before and after orthodontic treatment, through the analysis of hyoid triangle in lateral 

cephalograms. According to this question, the null and alternative hypothesis were 

constructed. 

H0: There is no change in the position of the hyoid bone from T0 to T1 phases of 

orthodontic treatment 

H1: There is a change in the position of the hyoid bone from T0 to T1 phases of 

orthodontic treatment.  
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MATERIAL AND METHODS  

 

Type of study 

The present study is a retrospective, cross-sectional epidemiological study with an 

observational and descriptive component. The aim of the study was to comparatively 

analyze the hyoid position in cephalograms before and after the orthodontic treatment. 

Sample Selection 

The sample consisted of cephalometric radiographic data from 158 patients taken before 

and after the orthodontic treatment at the Faculty of Dental Medicine of Porto University 

(FMDUP). The sample was randomly selected from all treated patients in the department. 

The clinical examinations collection took place at FMDUP. The treated and collected data 

was anonymized with a code. 316 cephalograms were analyzed in this investigation. (158 

before the treatment and 158 after the treatment). The mean age of the subjects included 

in the study was 13,8 ± 5,6 years at T0, 69 males and 89 females.  

Inclusion and exclusion criteria  

As inclusion criteria, the following ones were considered:  

• orthodontic treatment initiated and finished at FMDUP; 

• initial (at the beginning of the treatment) and final (at the day of the removal of 

the orthodontic appliance or until 1 month later) cephalograms.  

As exclusion criteria, the following ones were considered: 

• low quality radiographs that didn’t allow a clear visualization and identification 

of the cephalometric points; 

• orthodontic treatment not completed; 

• orthodontic treatment after the first phase intervention; 

• congenital malformations, craniocervical accidents/traumas and surgical 

interventions at the level of the skeleton and muscles of the head and neck; 
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• orthodontic treatment that began outside the faculty; 

• absence of  one of the cephalograms: initial or final.  

Radiographic Equipment:  

Cephalograms were acquired with radiographic equipment with the following technical 

characteristics:  

• x-ray model: Orthoralix 9200 Ceph, Gendex®;  

• focal spot size: 0,5 mm;  

• technical factors: 8sec exposure, 1.1 magnification, 7mA;  

• registration: 1980x2308, 24 bits, Jpeg format with no compression 

 

Radiographic Method: 

Cephalograms were retrieved according to the following rules: 

• all the radiographs were obtained by the same operator and in the same machine; 

• the head was orientated according to the Frankfurt horizontal. This method 

consists of positioning subjects in the cephalostat with the Frankfurt plane (line 

from Porion to Orbitale) parallel to the ground and the mid sagittal plane 

perpendicular to the floor; 

• subjects were guided to stand still with the aid of ear olives and the cephalostat 

positioned on the forehead; 

• Subjects in standing position, in a relaxed orthostatic position and with their arms 

hanging down over their bodies; 

• lips closed and teeth in maximum intercuspation.  

Data collection and analysis protocol  

The lateral cephalograms and the data collected from the patients files who met the 

inclusion criteria were examined by two investigators (the author and another 

investigator). This examination was made in FMDUP and before importing this 

information to an external disc to measure the structures, it was created a coded 

identification to guarantee anonymity. The cephalometric analysis was performed on a 
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personal computer using the ImageJ Software version 158 for Windows® Java 8 

(Microsoft, Maryland, USA). The cephalograms, obtained in the period immediately 

before (T0) and after (T1) the orthodontic treatment, were imported and calibrated using 

the ruler incorporated in the cephalogram image. The calibration, point marking and 

measurement processes were performed by the author. 

Information from patient files such as dental Class (Class I, Class II div. 1, Class II div.2, 

Class III), skeletal Class (Class I, Class II and Class III) and facial type (mesofacial, 

brachyfacial and dolicofacial), age, gender and values collected from the cephalograms 

were gathered and archived in an Excel® table (MicrosoftÒ Excel 2010, USA) for further 

statistical analysis. Then, the respective statistical analysis was carried out in the SPSS 

Version 26 for Windows® (IBM, NY, USA). Excel® and SPSS® documents were saved 

in an external disc, encrypted and protected by a password.  

 

Ethical considerations  

The data collected was not tracked by any identifying information of the patient, thus 

safeguarding individual anonymity.  

This study is a cross-sectional descriptive and observational epidemiological study with 

the use of retrospective data and complementary diagnostic exams already performed. So, 

it didn’t add to the participants any type of risk or discomfort. Thence, it was not 

necessary an informed consent.   

This study was performed after approval by the Ethics Committee of FMDUP,  the 

Responsible for Access to Information of FMDUP, and the Data Protection Unit of 

U.PORTO. (Attachments 3, 4 and 5). 

 

Cephalometric analysis 

The tracing of the cephalograms corresponding to T0 and T1 of each patient were based 

in parameters from Bibby and Preston (4) and Rocabado(9), the hyoid triangle. This triangle 

is originated through the junction of three cephalometric points: retrognation (RGn), 

hyoidale (H) and the third cervical vertebra (C3). The analysis of the hyoid triangle 

determines the hyoid position in vertical, anteroposterior and angular dimensions. The 

anteroposterior dimension is determined by the C3-H (posterior) and H-RGn (anterior) 
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dimensions, the vertical dimension by the determination of H-H’ and the angular 

dimension is determined by the HP angle. 

Cephalometric Points 

C3- The point at the most anterior inferior position of the 3rd cervical vertebra. 

H- The most anterior superior point on the body of the hyoid bone. 

H’- The intersection of the C3-RGn and the vertical position of the hyoid.  

RGn- The most posterior inferior point on the mandibular symphysis. 

 

 

 
Figure 1 Hyoid triangle 
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Cephalometric Lines and Angle 

C3-RGn: distance between the most anteroinferior point on the 3rd cervical vertebra and 

the most posteroinferior point on the mandibular symphysis. 

C3-H: distance between the most anteroinferior point on the 3rd cervical vertebra and the 

most anterior superior point on the body of the hyoid bone. 

H-RGN: distance between the most anterosuperior point on the body of the hyoid bone 

and the most posteroinferior point on the mandibular symphysis. 

HP angle: angle formed by the intersection of the distance between the most 

anteroinferior point on the 3rd cervical vertebra and the most posteroinferior point on the 

mandibular symphysis and the distance between the most anteroinferior point on the 3rd 

cervical vertebra and the most anterosuperior point on the body of the hyoid bone. 

H-H’: distance between the most anterosuperior point on the body of the hyoid bone and 

the intersection of the C3-RGn and the vertical position of the hyoid. 

 

Measure reproducibility 

To assess the measurement error, the measurements were repeated by the same examiner 

(intra-examiner error) in a random sample of 30 patients selected from the whole sample, 

using the randomize tool in the Excel® table (MicrosoftÒExcel 2010, USA). Results 

present in Table I show that there were no statistically significant differences between the 

initial measurements and the repetitions (p > 0.05). Furthermore, the Intraclass 

Correlation Coefficient (ICC) was higher than 0.98 for all variables, indicating excellent 

levels of measurements consistency. Together, these results assure the absence of 

systematic or random error, ensuring the consistency and reliability of the measurements. 

 
Table I Results of the analysis of the intra-examiner measurement error (N=30) 

Variables 
1st measurement 

Mean ± SD 

Repetition 

Mean ± SD 
T Test (1) ICC(2) 

C3-RGn (mm) 70.76 ± 5.68 70.59 ± 5.84 p = 0.099 0.998 

C3-H (mm) 28.45 ± 4.16 28.02 ± 3.88 p = 0.178 0.986 

H-RGN (mm) 43.35 ± 5.32 43.30 ± 5.20 p = 0.713 0.995 

HP (degrees) 2.53 ± 9.44 2.87 ± 8.80 p = 0.198 0.994 
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H-H' (mm) 1.07 ± 4.64 1.10 ± 4.34 p = 0.845 0.992 

(1) p – significance value of Student's T-Test for paired samples; 

(2) ICC – Intraclass Correlation Coefficient. 

 

 

Statistical analysis 

The variables analysed in this study were described through the mean (M) and the 

standard deviation (SD). The normality of data was assessed with the Kolmogorov-

Smirnov test, whose results showed that all the variables had distribution close to the 

normal distribution. This way, it was decided to use parametric tests for the statistical 

analysis:  

• Student's T-test for paired samples for the comparison between T0 and T1; 

• Student's T-test for independent samples for the comparison between two 

independent groups – variable “first stage” (no/yes); 

• Analysis of Variance (ANOVA) for the comparisons among three or more 

independent groups – variables dental class, skeletal class and facial type. 

The analysis of the differences between T0 and T1 (Student's T-test for paired samples) 

was complemented with the measure of effect size Cohen's d. The following thresholds 

were considered (42): d = 0.2 (small effect), d = 0.5 (medium effect) e d ≥ 0.8 (large effect).  

To assess the measurement error, the Student's T-test for paired samples and the Intraclass 

Correlation Coefficient (ICC) were used. The Student's T-test allows to assess the 

existence of systematic error, checking if there are significant differences between the 

initial measurements and the repetitions. The ICC allows to evaluate the random error, 

checking the consistency between the measurements. A non-significant Student T Test (p 

> 0.05) and an ICC greater than 0.75 ensures the reliability of the measurements (43). 

A significant level of 5% (p < 0.05) was considered. Statistical analysis was carried out 

with IBM SPSS®, version 26 for Windows (IBM Corp. Released 2018).  



 9 

Results 
Sample Characterization 

Sample consists of 158 patients aged from 5 to 33 years old at T0 (M = 13.8, SD = 5.6), 

mostly from the age group 10-14 years (44.3%) and female (56.3%). Class I (40.5%) and 

Class II div. 1 (39.2%) were the most common Angle dental malocclusions. Concerning 

the facial type, 59 (37.3%) were brachyfacial, 58 (36.7%) dolichofacial and 41 (25.9%) 

mesofacial. More than half had skeletal Class II (56.3%) and were patients of 

orthodontically comprehensive treatment (without 1st phase) (77.1%). The full sample 

description is presented in table II. 

Table II Sample characteristics (N=158) 

  n % 

Gender Female 89 56.3% 

 Male 69 43.7% 

Age (years) At T0 Min-Max: 5-33, Mean = 13.8, SD = 5.6 

 At T1 Min-Max: 8-38, Mean = 17.4, SD = 6.3 

Dental class Class I 64 40.5% 

 Class II Div 1 62 39.2% 

 Class II Div 2 17 10.8% 

 Class III 15 9.5% 

Skeletal class Class I 54 34.2% 

 Class II 89 56.3% 

 Class III 15 9.5% 

 Brachyfacial 59 37.3% 

 Dolichofacial 58 36.7% 
 Mesofacial 41 25.9% 

First phase No 121 77.1% 
(N = 157 – 1 missing) Yes 36 22.9% 
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C3-RGn 

The C3-RGn mean distance increased significantly from 67.82 mm (SD = 7.97) in T0 to 

69.59 mm (SD = 6.62) in T1 (p = 0.001, d = 0.27) as it is shown in the table III. The 

increase of C3-RGn mean distance was statistically significant in patients with Class II 

Div. 1 malocclusion (p = 0.003, d = 0.39), skeletal Class II (p = 0.003, d = 0.33), in 

mesofacial patients (p = 0.002, d = 0.53), and in patients not submitted to 1st  phase of 

treatment (p = 0.001, d = 0.60).  

There were statistically significant differences among facial types in T0 (p = 0.001) and 

T1 (p < 0.001) – brachyfacial patients had the highest C3-RGn mean distance –  and 

concerning the “first phase” in T0 (p < 0.001) and in T1 (p = 0.001) – patients not 

submitted to 1st phase had higher means than patients with the first phase of the 

orthodontic treatment (table III).  

Table III Compararison of C3-RGn (mm) between T0 and T1 in the all sample and by dental Class, skeletal Class, 
facial type and "first stage" 

Variables 
T0 

Mean ± SD 

T1 

Mean ± SD 

Difference T0-T1 

Mean ± SD 
Cohen's d T Test (1) 

All sample 67.82 ± 7.97 69.59 ± 6.99 1.77 ± 6.62 0.27 p = 0.001 

By dental Class       
Class I (n = 64) 67.75 ± 7.62 69.03 ± 6.89 1.27 ± 5.90 0.22 p = 0.090 
Class II Div 1 (n = 
62) 67.35 ± 8.10 70.30 ± 7.40 2.96 ± 7.63 0.39 p = 0.003 

Class II Div 2 (n = 
17) 68.23 ± 7.96 70.09 ± 6.39 1.86 ± 5.97 0.31 p = 0.216 

Class III (n = 15) 69.56 ± 9.35 68.45 ± 6.63 -1.12 ± 4.85 0.23 p = 0.388 
ANOVA(2) p = 0.808 p = 0.674     

By skeletal Class       
Class I (n = 54) 68.88 ± 7.02 70.07 ± 6.36 1.19 ± 5.92 0.20 p = 0.145 
Class II (n = 89) 66.94 ± 8.00 69.18 ± 7.34 2.24 ± 6.87 0.33 p = 0.003 
Class III (n = 15) 69.21 ± 10.56 70.26 ± 7.39 1.05 ± 7.64 0.14 p = 0.604 

ANOVA(2) p = 0.289 p = 0.710     
By facial type       
Brachyfacial (n = 
59) 70.79 ± 6.75 72.43 ± 6.05 1.64 ± 6.47 0.25 p = 0.056 

Dolichofacial (n = 
58) 66.13 ± 8.95 67.58 ± 7.46 1.45 ± 7.94 0.18 p = 0.168 
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Mesofacial (n = 41) 65.93 ± 6.94 68.32 ± 6.34 2.39 ± 4.54 0.53 p = 0.002 
ANOVA(2) p = 0.001 p < 0.001     

By “first phase”       
No (n = 121) 69.42 ± 7.81 70.59 ± 6.78 1.17 ± 6.69 0.17 p = 0.056 
Yes (n = 36) 62.54 ± 6.14 66.21 ± 6.81 3.67 ± 6.12 0.60 p = 0.001 

T Test (3) p < 0.001 p = 0.001    
(1) Student's T-Test for paired samples – comparison between T0 and T1; (2) ANOVA – comparison 
among groups in T0 and T1; (3) Student's T-Test for independent samples – comparison between “yes” 
and “no” in T0 and T1. 

 

 

Figure 2 Mean and standard deviation of C3-RGn (mm), in T0 and T1. 

 

C3-H 

The C3-H mean distance increased significantly from 26.07 mm (SD = 4.04) in T0 to 

27.63 mm (SD = 4.44) in T1 (p < 0.001, d = 0.41) (Table IV). The increase of the C3-H 

mean distance was observed in all subgroups of dental Classes, skeletal Classes, facial 

types and patients in the “first phase” of the orthodontic treatment and those who aren’t, 

except in patients from dental Class III (p = 0.527, d = 0.17) and from skeletal Class III 

(p = 0.463, d = 0.19).  

The comparisons among groups only showed significant differences between patients in 

the first phase and those who are not in the first phase in T0 (p < 0.001) and in T1 (p = 
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in the first phase (table IV).   
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Table IV Comparison of C3-H (mm) between T0 and T1 in the all sample and by dental Class, skeletal Class, facial 
type and "first stage". 

Variables 
T0 

Mean ± SD 

T1 

Mean ± SD 

Difference T0-
T1 

Mean ± SD 
Cohen's d T Test (1) 

All sample 26.07 ± 4.04 27.63 ± 4.44 1.57 ± 3.83 0.41 p < 0.001 

By dental Class       
Class I (n = 64) 25.98 ± 4.42 27.34 ± 4.65 1.36 ± 3.12 0.44 p = 0.001 
Class II Div 1 (n = 
62) 25.80 ± 3.99 27.86 ± 4.55 2.06 ± 4.47 0.46 p = 0.001 

Class II Div 2 (n = 
17) 26.41 ± 3.60 28.89 ± 4.41 2.48 ± 3.60 0.69 p = 0.012 

Class III (n = 15) 27.13 ± 3.08 26.56 ± 2.72 -0.57 ± 3.43 0.17 p = 0.527 
ANOVA(2) p = 0.697 p = 0.447     

By skeletal Class       
Class I (n = 54) 26.62 ± 4.03 28.05 ± 4.03 1.43 ± 3.51 0.41 p = 0.004 
Class II (n = 89) 25.92 ± 3.96 27.72 ± 4.70 1.80 ± 4.06 0.44 p < 0.001 
Class III (n = 15) 24.93 ± 4.55 25.64 ± 3.94 0.72 ± 3.67 0.19 p = 0.463 

ANOVA(2) p = 0.317 p = 0.173     
By facial type       
Brachyfacial (n = 
59) 26.68 ± 4.15 28.29 ± 4.57 1.62 ± 3.47 0.46 p = 0.001 

Dolichofacial (n = 
58) 25.73 ± 4.02 27.04 ± 4.49 1.31 ± 4.45 0.29 p = 0.029 

Mesofacial (n = 41) 25.66 ± 3.92 27.52 ± 4.15 1.87 ± 3.43 0.54 p = 0.001 
ANOVA(2) p = 0.345 p = 0.311     

By “first phase”       
No (n = 121) 26.73 ± 4.13 28.08 ± 4.42 1.35 ± 3.64 0.37 p < 0.001 
Yes (n = 36) 23.81 ± 2.87 26.13 ± 4.26 2.31 ± 4.44 0.52 p = 0.004 

T Test (3) p < 0.001 p = 0.020    
(1) Student's T-Test for paired samples – comparison between T0 and T1; (2) ANOVA – comparison 
among groups in T0 and T1; (3) Student's T-Test for independent samples – comparison between “yes” 
and “no” in T0 and T1. 
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Figure 3 Mean and standard deviation of C3-H (mm), in T0 and T1. 

 

H-RGN 
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Class III (n = 15) 44.23 ± 7.65 43.31 ± 6.62 -0.92 ± 3.22 0.29 p = 0.288 
ANOVA(2) p = 0.908 p = 0.879     

By skeletal Class       
Class I (n = 54) 43.79 ± 5.08 43.67 ± 5.16 -0.12 ± 4.84 0.02 p = 0.853 
Class II (n = 89) 42.49 ± 5.97 42.57 ± 5.38 0.08 ± 4.83 0.02 p = 0.870 
Class III (n = 15) 45.83 ± 7.55 45.46 ± 6.52 -0.37 ± 5.40 0.07 p = 0.792 

ANOVA(2) p = 0.090 p = 0.126     
By facial type       
Brachyfacial (n = 
59) 45.42 ± 5.12 45.44 ± 4.62 0.02 ± 4.71 0.00 p = 0.978 

Dolichofacial (n = 
58) 42.15 ± 6.78 41.71 ± 5.93 -0.44 ± 5.68 0.08 p = 0.559 

Mesofacial (n = 41) 41.67 ± 4.68 42.15 ± 4.91 0.48 ± 3.73 0.13 p = 0.415 
ANOVA(2) p = 0.001 p < 0.001     

By “first phase”       
No (n = 121) 44.14 ± 5.87 43.83 ± 5.51 -0.31 ± 4.84 0.06 p = 0.484 
Yes (n = 36) 40.38 ± 5.12 41.16 ± 4.88 0.77 ± 4.88 0.16 p = 0.348 

T Test (3) p = 0.001 p = 0.010    
(1) Student's T-Test for paired samples – comparison between T0 and T1; (2) ANOVA – comparison 
among groups in T0 and T1; (3) Student's T-Test for independent samples – comparison between “yes” and “no” in 
T0 and T1. 

 
Figure 4 Mean and standard deviation of H-RGn (mm), in T0 and T1. 
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Results present on Table VI show that there were no statistically significant differences 

between T0 and T1 in the mean of the HP angle, neither in the overall sample (p = 0.351, 

d = 0.07) nor in any of the subgroups of dental Classes, skeletal Classes, facial types or 

“first phase”. 

No significant different were found among dental Class, skeletal Class, facial types or 

concerning the “first phase”. Despite not being statistically significant, the results show 

higher means in dental Class III patients and lower means in dental Class I patients; higher 

means in skeletal Class III patients than in patients with skeletal Classes I and II. The 

high variability of the data explains the non-significant results, despite the large 

differences in the means.  

Table VI Comparasion of Hp (degrees) between T0 and T1 in the all sample and by dental Class, skeletal Class, 
facial type and "first stage". 

Variables 
T0 

Mean ± SD 

T1 

Mean ± SD 

Difference T0-
T1 

Mean ± SD 
Cohen's d T Test (1) 

All sample 3.90 ± 11.64 3.10 ± 11.02 -0.81 ± 10.84 0.07 p = 0.351 

By dental Class       
Class I (n = 64) 1.69 ± 13.06 0.82 ± 11.80 -0.87 ± 9.54 0.09 p = 0.468 
Class II Div 1 (n = 
62) 4.45 ± 11.24 3.46 ± 9.53 -0.99 ± 12.66 0.08 p = 0.542 

Class II Div 2 (n = 
17) 4.88 ± 8.57 5.68 ± 13.01 0.79 ± 11.40 0.07 p = 0.778 

Class III (n = 15) 9.98 ± 7.27 8.37 ± 9.19 -1.61 ± 7.58 0.21 p = 0.425 
ANOVA(2) p = 0.083 p = 0.065     

By skeletal Class       
Class I (n = 54) 2.99 ± 12.57 3.19 ± 13.04 0.19 ± 11.32 0.02 p = 0.902 
Class II (n = 89) 3.81 ± 11.46 2.56 ± 10.23 -1.25 ± 11.15 0.11 p = 0.294 
Class III (n = 15) 7.74 ± 8.79 5.94 ± 7.07 -1.79 ± 6.74 0.27 p = 0.320 

ANOVA(2) p = 0.378 p = 0.549     
By facial type       
Brachyfacial (n = 
59) 4.66 ± 9.96 2.93 ± 11.30 -1.74 ± 9.06 0.19 p = 0.146 

Dolichofacial (n = 
58) 3.80 ± 13.10 2.98 ± 10.34 -0.83 ± 13.31 0.06 p = 0.637 

Mesofacial (n = 41) 2.95 ± 11.90 3.51 ± 11.80 0.56 ± 9.30 0.06 p = 0.701 
ANOVA(2) p = 0.769 p = 0.962     
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By “first phase”       
No (n = 121) 4.18 ± 10.53 2.37 ± 11.32 -1.81 ± 10.27 0.18 p = 0.055 
Yes (n = 36) 2.92 ± 15.04 5.46 ± 9.91 2.55 ± 12.26 0.21 p = 0.221 

T Test (3) p = 0.572 p = 0.141    
(1) Student's T-Test for paired samples – comparison between T0 and T1; (2) ANOVA – comparison 
among groups in T0 and T1; (3) Student's T-Test for independent samples – comparison between “yes” 
and “no” in T0 and T1. 

 

 
Figure 5 Mean and standard deviation of HP (degrees), in T0 and T1. 
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H-H' 

Results from H-H’ distances (Table VII) show similar trends with those observed for HP 

angle (Table VI): no statistically significant differences between T0 and T1, neither in 

the overall sample (p = 0.344, d = 0.08) nor in any of the subgroups of dental Classes, 

skeletal Classes, facial types or “first phase”; no statistically significant differences 

among dental Class, skeletal Class, facial types or concerning the “first phase”, despite 

the differences in the means in dental Classes (patients from Class III with higher mean 

and patients with Class I with lower mean) and in skeletal Classes (higher means in Class 

III patients than in patients with Classes I and II). 

Table VII Comparasion of H-H' (mm) between T0 and T1 in the all sample and by dental Class, skeletal Class, facial 
type and "first stage". 

Variables 
T0 

Mean ± SD 

T1 

Mean ± SD 

Difference T0-T1 

Mean ± SD 
Cohen's d T Test (1) 

All sample 1.87 ± 5.29 1.48 ± 5.49 -0.39 ± 5.19 0.08 p = 0.344 

By dental Class       
Class I (n = 64) 0.94 ± 5.93 0.37 ± 5.70 -0.57 ± 4.30 0.13 p = 0.290 
Class II Div 1 (n = 
62) 2.06 ± 5.10 1.67 ± 4.87 -0.39 ± 6.12 0.06 p = 0.618 

Class II Div 2 (n = 
17) 2.17 ± 4.03 2.70 ± 6.87 0.53 ± 6.00 0.09 p = 0.721 

Class III (n = 15) 4.72 ± 3.35 4.04 ± 4.52 -0.68 ± 3.69 0.18 p = 0.490 
ANOVA(2) p = 0.091 p = 0.077     

By skeletal Class       
Class I (n = 54) 1.62 ± 5.70 1.77 ± 6.44 0.16 ± 5.66 0.03 p = 0.841 
Class II (n = 89) 1.77 ± 5.29 1.10 ± 5.22 -0.67 ± 5.21 0.13 p = 0.228 
Class III (n = 15) 3.38 ± 3.53 2.67 ± 2.70 -0.71 ± 2.93 0.24 p = 0.362 

ANOVA(2) p = 0.507 p = 0.529     
By facial type       
Brachyfacial (n = 59) 2.21 ± 4.62 1.46 ± 5.62 -0.75 ± 4.42 0.17 p = 0.195 
Dolichofacial (n = 58) 1.77 ± 5.84 1.45 ± 5.23 -0.32 ± 6.39 0.05 p = 0.704 
Mesofacial (n = 41) 1.52 ± 5.49 1.54 ± 5.81 0.03 ± 4.34 0.00 p = 0.968 

ANOVA(2) p = 0.799 p = 0.996     
By “first phase”       
No (n = 121) 2.02 ± 5.06 1.25 ± 5.77 -0.77 ± 5.17 0.15 p = 0.103 
Yes (n = 36) 1.33 ± 6.12 2.21 ± 4.54 0.88 ± 5.20 0.17 p = 0.318 
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T Test (3) p = 0.496 p = 0.360    
(1) Student's T-Test for paired samples – comparison between T0 and T1; (2) ANOVA – comparison 
among groups in T0 and T1; (3) Student's T-Test for independent samples – comparison between “yes” 
and “no” in T0 and T1. 

 

 
Figure 6 Mean and standard deviation of H-H' (mm), in T0 and T1. 
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Discussion 

Sample and Methodology 

The selection of the 158 patients was a randomized selection, the number of female and 

male patients is not the same (89 females and 69 males). This kind of distribution is in 

accordance with other Portuguese studies (24-26) considering an orthodontic sample where 

female population seeking orthodontic treatment is higher. 

Initially, the sample varied from 5 to 58 years old in T0 but as age can cause additional 

osseous and orthopaedic alterations in the body structures, two patients who had the most 

advanced ages were removed from the sample of this study. So, the sample vary from 5 

to 33, with an average of 13,8. Patients with orthodontic treatment after first phase 

intervention were also excluded of this study once the hyoid position in T0 could not 

correspond to the natural hyoid position.  

The distribution of gender was not equal so it was not possible to study in detail 

differences between gender and the hyoid position. However, Saglam and Uydas (17) had 

reported that the position of the hyoid bone in females was higher and more posterior than 

in the male subjects. In the other hand, Bibby and Preston (4) didn’t found statistically 

differences between female and male subjects. 

In this study, instead of measuring differences between age and the hyoid position, it was 

created a group “First phase”. This group was divided in two, the subgroup “yes” (patients 

between 5 and 11 years old that have a significant active growth and made a interceptive 

orthodontic treatment) and  the subgroup “no” (patients who didn’t the first phase but 

made comprehensive fixed orthodontic treatment). This group includes adult patients 

without growth and adolescents with less active growth that were submitted to a 

comprehensive fixed orthodontic treatment. The creation of this two groups intends to 

study the differences of an early orthodontic intervention in the hyoid position with a 

group with a later intervention. 

 

Regarding the dental malocclusion, Class I and Class II Div. 1 were the most common 

dental Classes, 40,5% and 39,2%, respectively. It is in accordance with other Portuguese 

studies previously done in orthodontic populations (24, 26). Some studies limited their 
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analysis to one precise kind of malocclusion, namely Bibby and Preston (4) and Stepovich 
(8) who studied the relation of hyoid position in the Class I malocclusion. Some 

investigators (11, 20, 41) said that there is a relation between the hyoid position and the 

different malocclusions , while other author (6) found a constant position in all of the 

malocclusions. So, studying different malocclusions can reveal the role of the hyoid in 

the dentofacial system and the response of mandibular development to these 

malocclusions (3). Related to gender, other investigations verified a higher and more 

posterior hyoid position in females (17).  

Concerning the skeletal Class, more than half of the sample had Class II (56,3%), Class 

III  was the least prevalent (9,5%) pattern. An analogous result was observed in other 

studies done in Portuguese samples (24, 26). Some studies (23) reported that there is a relation 

between the position of the hyoid bone and with each skeletal Class (4). While other (2) 

suggested no differences in the relation with skeletal Class. 

About the facial type, dolicofacial and brachyfacial had almost the same percentage, 

36,7% and 37,3%, respectively, showing a balanced distribution. This is not in 

accordance with another Portuguese study (25) that also considered an orthodontic sample 

that found a higher prevalence of dolicofacial biotype. According to Tallgreen and Solow 
(40), there were not enough studies comparing the facial type and the hyoid position to 

take reliable conclusions about the relation of the facial type and the hyoid position.  

With regard to the methodology, the investigator was not an experienced orthodontist 

with a lot of practice in the identification of structures in cephalometry. To get around 

this situation, an intensive training was implemented with the study of cephalometry 

textbooks and with practical exercises in cephalograms. In fact, the evaluation of 

cephalometric radiographs is always subjective because it depends on some aspects as 

the quality of images, the overlap of structures and the clinical experience. So, it’s 

possible to have some inaccuracies in the results of the analysis. However, since the ICC 

was higher than 0,98, there were excellent levels of measurements consistency, ensuring 

this method’s scientific application compatibility.  

Previous studies have employed as reference cranial points to determine the hyoid 

position. Therefore, the position of the hyoid was intrinsically dependent of the head 

position (3). The assessment of the  hyoid triangle allows the determination of the bone 
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position without using cranial plans as reference which could cause errors (2, 10). Once the 

cranial points are distant from the bone, a small variation of the plans could lead to a 

change of the hyoid, without any alteration of its position (4) but simply with modification 

of the head position (15). In this investigation, using the hyoid triangle in the hyoid bone 

assessment, decreases the effects of the head posture. The hyoid triangle uses plans 

between cervical vertebras and the mandibular symphysis. In this way, the movement of 

the head will be reduced and the measurement of the hyoid will be more precise an less 

influenced by the head posture (4). The hyoid bone seems to keep a relatively constant 

distance with the third cervical vertebra and the mandible during flexion and extension 

of the neck which makes it an appropriate reference point (5). 

The cephalograms were taken with the Frankfurt horizontal as reference for positioning 

cephalic. This method, although it requires an artificial cephalic positioning, which does 

not happen using the natural position of the head, it is more reproducible over time and 

have a cleared view of the anatomical structures (30). This position allows a deprojection 

of the mandible over the lateral masses from vertical column (10). Some researchers 

discussed that when the  Frankfurt method is used, the radiographs have a better quality, 

less projection error and prevent the rotation of the head in the different axes (33). So, 

using this method, it decreases the risk of having changes in the hyoid position due to a 

variation in head position in the cephalostat. Despite this, Solow and Tallgren (32) state 

that the natural head position is better once it doesn´t alter the head orientation. Also, the 

cephalostat and the the cephalostatic ear rodes used in the Frankfurt horizontal method 

modify the craniocervical position during the exam (31). Regarding hyoid movements 

during nasal and oral breathing, Amis et al.(12) state that are no significant movements in 

the hyoid position. As mentioned before, the hyoid position also changes during oral 

functions associated with tongue activity (3) because hyoid is placed at the tongue root (7). 

The hyoid bone controls the tongue function from its normal position in front of  the 

column and the infrahyoid muscles keep the normal function and relation with the 

adjacent structures (10). The anterior belly of digastric muscles increase the anteroposterior 

dimension and the oropharynx during deglutition (4, 10). According to Graber LW (14), the 

cephalograms must be taken after the patient had swallowed to avoid functional alteration 

in the hyoid position.  Consequently, in the moment of the x-ray execution, if the tensions 

generated in the structures were different in T0 and T1, the hyoid position would be 

different. However, in this study, all radiological examinations were performed by the 
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same technician, a very experienced professional who tried to promote reproducibility 

conditions through the clear indications he provides to patients in the preparation before 

the exam. This has contributed to reduce the risk of inconstancy in the conditions of image 

acquisition.   

In this study to evaluate the hyoid position relatively to the mandible and the cervical 

vertebrae, it was used the triangle method for the cephalometric analysis. However, 

according to Costa et al. (1), the two-dimensional nature of this exam doesn’t allow an 

assessment with absolute accuracy of the relation between hyoid and the other structures. 

After the orthodontic treatment, if there was an alteration in the mandibular relation, it 

could be accompanied by changes in the hyoid position. As previously mentioned, the 

hyoid helps the respiration so, changes in the pharyngeal airway, such as the volume of 

the pharynx, caused by the orthodontic treatment, can be compensated by the alteration 

of the hyoid position. According to Costa et al. (1),  pharynx is divided in nasopharynx, 

oropharynx and hypopharynx. The two latter mentioned were more correlated with the 

hyoid position since this bone is closer to them. Additionally the pharyngeal middle 

constrictor muscle is connected to the hyoid bone in the lesser and greater horn. 

The cervical curvature is obtained by tracing the hyoid triangle, determined from the 

hyoid position in relation with C3-RGn (10, 37). When the hyoid is located until 5 mm 

below the C3-RGn line, the hyoid triangle is positive (7) and there is a physiological 

cervical lordosis, hyoid on the line is cervical rectification and if it is above the line is a 

curvature inversion (cifosis) and the triangle is negative(37). 

 

Results in T0 

The C3-RGn only had differences between different facial types, brachyfacial was the 

one with higher values and between the different stages of the treatment. Brachyfacial 

type is characterized by a horizontal growth (29), so the mandible growth is more anterior 

than in the mesofacial and dolicofacial. This could be a reason for the higher value found 

in this biotype. 
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The anteroposterior position of the hyoid is provided by the C3-H and H-RGn 

dimensions, as the vertical position is determined by the H-H’ dimension and the angular 

position by the HP angle. These measurements didn’t show significant differences in the 

dental malocclusions. According to Grant (6), the hyoid position is constant in Class I, II 

and III malocclusions once it’s the musculature that determinates the position and not the 

occlusion of the teeth. The results are also supported by Bibby and Preston’s study (4), 

since C3-H distance is very constant in  his sample. Otherwise, Adamidis and 

Spyropoulos (20) demonstrated  a statistically significant difference in the anteroposterior 

dimension in Class III malocclusion, which showed a more anterior position of the hyoid 

bone.  

Although the comparisons about C3-H in skeletal Class group were not statically 

significantly, Class I registered higher values compared to the Class II. This is in 

accordance with a study performed by Gunduz et al. (3) who observed that the hyoid was 

more posteriorly positioned in subjects with skeletal Class II than those with skeletal 

Class I. Mortazavi et al. (34) showed the same relation: while Class I has the higher 

dimension, the Class II has the lower, reflecting that the hyoid bone is more posteriorly 

positioned than in Class I. Although the differences are not statistically significant, in 

skeletal Class III, it is positioned more posteriorly than in Class I and II. In skeletal Class 

II it is positioned more posteriorly than Class I (4, 23). In accordance to the present study, 

Jose et al. (2) proved that there weren’t statistically differences in skeletal Class I, II and 

III in relation of the anteroposterior dimension.   

The H-RGn only had statistically differences for the variables facial type and first phase 

group. In fact, brachyfacial patients and patients with comprehensive fixed orthodontic 

treatment( without 1st phase) registered the higher measurements. This can be explained 

by the fact that brachyfacial type is characterized by a wide mandibular base (28) and 

patients without first phase orthodontic treatment have a higher growth rate. 

Results from angle HP and H-H’ distances showed no statistically differences in any 

subgroup of the variables. The results of this study are in disagreement with Bibby (39) 

and Bibby and Preston (4). In fact, those investigators shown that the vertical position of 

the hyoid is irregular despite using pretty much the same methods. The fact of the 

cephalograms were not taken with controlled swallowing in this study, can affect the 
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absence of differences because according to Parisella et al. (7) the triangle becomes 

negative, H-H’ distance decrease(8), during swallowing in hyperdivergent patients.   

Patients in an interceptive treatment are younger meaning that the potential growth of the 

structures is still active. This can explain why C3-RGn, C3-H and H-RGn had statistically 

differences between interceptive patients and comprehensive fixed orthodontic treatment. 

Results in T0-T1 

The C3-RGn showed a statistically increase in the Class II Div. 1 malocclusion, skeletal 

Class II, mesofacial type and patients in the first phase of treatment. Usually, skeletal 

Class II and Class II malocclusion are associated, and to treat this deformity in patients 

with potential growth, it’s necessary a mandibular advancement, which can explain the 

increase of C3-RGn. According to Costa et al. (1), pharynx is divided in nasopharynx, 

oropharynx and hypopharynx. The two latter mentioned, showed a significant correlation 

with C3-Rgn which proves the relation between the hyoid and pharynx because, with the 

increase of the mandible, there was a compensation in the hyoid bone to maintain the size 

of the upper airway. An increase of 10 mm in the distance between C3 and the menton, 

leads to an increase of 4 mm in pharynx airway space (5). 

The C3-H mean distance, which describes the relation of hyoid to the cervical spine, only 

didn’t register statically differences in the skeletal Class III and dental Class III 

malocclusion. In all the other situations there was an increase of this distance. This can 

be explained by the fact that hyoid bone is attached with tongue musculature so, a lower 

position of the hyoid bone, pulls the tongue to an inferior and posterior position, 

decreasing the airway space. To keep this space, the distance C3-H increases (37) due to 

the relation of hyoid, the pharyngeal airway space with muscles based on the skull, 

mandible and tongue (2). 

In Graber’s study (14), the hyoid had moved posteriorly and inferiorly after an orthopedic 

treatment of skeletal Class III. In the present study, H-RGn distance decreased and C3-H 

increased, so the hyoid moved anteriorly, although the differences are not statistical 

significant. In addition, H-H’ distance decreased, in other words, the hyoid bone moved 

superiorly, though it didn’t have significant statistical differences too. This can be 

justified by the fact that the size of the Class III sample is significantly smaller than others 
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groups, conditioning the present results but it can be also justified by the fact that Graber 

used a different method based in cranial references that influence the measurements, as 

mentioned before.  

There is a study (41) proving the same relation between Class II div.1 as disclosed in the 

present study after the orthodontic treatment. Therefore, he showed a statistically increase 

of the C3-H dimension, in other words, the position of hyoid had become more anterior.  

Regarding to C3-H, there was a statistically increase in both groups, patients in phase 1 

and also in patients that are in a comprehensive fixed orthodontic treatment. As mentioned 

before, the hyoid can adopt a forward position because of growth during puberty (9, 10). As 

the “First phase” group is established by individuals between 5 to 33 years old, this could 

be the reason of the increase, in other words, both the subgroup “No” and the subgroup 

“Yes” are established by patients with ages between 8 and 14 (in females) and 9 and 15 

years old (in males).  

The H-RGn measurements didn’t show statistically significant differences in any 

subgroups of dental Class malocclusion, skeletal Classes, facial types or first phase 

subjects. This is not in accordance with Durzo and Brodie (16) who showed that the 

distance between hyoid and mandible tend to increase. Although, Costa et al. (1) said that 

the H-RGn showed poor correlation with oropharynx and hypopharynx, which explains 

why this distance didn’t suffer alterations, contrary to the C3-Rgn distance, as anteriorly 

mentioned (1). 

Results from H-H’ distances, i.e. the vertical reference for the hyoid position, show 

similar tends to the ones observed for HP angle as neither of the two measurements 

showed statistically differences between T0 and T1. In fact, these two variables give 

complementary information. The same correlations were found in Bibby and Preston’s 

study (4) between the angular and vertical measurements.    

Although the results of H-H’ were not statistically significant, in skeletal Class III 

between T0 and T1, there was a decrease of the vertical dimension. So, the hyoid is in a 

more superiorly position. This is not in accordance  with the studies of Eggensperger et 

al.(18) and Cuccia et al. (19) that found that with the backward of the mandible, the hyoid 

bone adopted a more inferior position. This is in accordance with the previous mentioned 
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that the Class III sample is significantly smaller than others groups, conditioning the 

results. The study of Parisella et al. (7) support the findings in Class II, although the 

differences are not statistically different, the dimension after the orthodontic treatment 

decreases, suprahyoid muscles, especially mylohyoid and geniohyoid (5), allow the raise 

of the hyoid. Although the H-H’ mean decreased almost in all the samples after the 

orthodontic treatment, it is not negative. So, the hyoid triangle is positive and the cervical 

curvature features a physiological cervical lordosis.  

In Li’s et al. study (11), after the treatment of a Class II div. I malocclusion, it was shown 

that along with the forward position of the mandible, the hyoid bone adopted a more 

anterior location and downward displacement. In the present study, the same relation was 

observed, although the variation in the vertical position had no significative statistically 

differences.  

As mentioned before, the hyoid bone is attached to muscles, ligaments and fascia and has 

an important role in their functions. Due to this interdependence, all structures have to be 

considered in orthodontic relapse (3). If the hyoid position is the same after the orthodontic 

treatment, the risk  of extending the suprahyoid muscle (2) and  having a relapse will be 

minimum because the soft-tissue is balanced. If the position is different, it will be advised 

a longer retention period (4) once craniocervical posture can induce crowding in dental 

arches (27).  

The absence of a control group, which could serve as a reference for understanding which 

changes are due to growth and which are related to the therapeutic intervention, seems to 

be the greatest methodological limitation of this study. The methodological limitations 

led to results that can condition conclusions. Further investigations with more controlled 

variables are suggested, to definitively clarify the influence of orthodontic treatment on 

hyoid position and it might be of interest to use cone beam computer tomography (CBCT) 

to provide a more precise detail and to analyze airway space since it is associated with 

the hyoid position.  
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Conclusion 

Given the methodological limitations of the investigation, the results lead to the following 

conclusions: 

• considering the bidimensional position of the hyoid, only its anteroposterior 

position changed significantly and this modification was associated to the hyo-

cervical relation. 

• from T0 to T1 and relating hyoid position to dental malocclusion, skeletal pattern, 

facial biotype and to first phase of the treatment ( “no” and “yes”), the 

anteroposterior position of hyoid increased except for dental and skeletal Class 

III.  

• The H0 is rejected, there is a change in the position of the hyoid bone from T0 to 

T1 phases of orthodontic treatment. 
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Attachment 1: Measurements performed to 
determine the facial type and skeletal class 

Cephalometric Points – Ricketts analysis 
Sella (S):  Point located in the geometric center of sella turcica 
Point A (Pt.A): Deepest point of the anterior maxillary concavity; 
Point B (Pt.B): Deepest point in the anterior concavity of the mandible. 
Pterygoid (Pt): Most posterior-superior point of the pterygomaxillary cleft. 
Gnation (Gn) Most antero-inferior point of the mandible, at the level of the median 

sagittal plane. 
Nasion (Na) Most anterior cranial point of the frontonasal suture. 
Basion (Ba): Cranial point plus antero-inferior foramen magnum. 
Porion (Po) Uppermost cranial point of the external auditory canal (anatomical). 
Orbitale (Or) Lower cranial point of the outer edge of the orbital cavity. 
Pogonion (Pog) Most anterior point of the mandible, at the level of the median sagittal 

plane of the symphysis. 
Xi point (Xi) Point located in the geometric center of the upstream branch of the jaw.

  
Anterior nasal spine (ANS) Most anterior point of the anterior nasal spine of the maxilla. 
Suprapogonion (Pm) Point located at the convergence of the external cortical lamina with the 

internal cortex of the bony mentum at the level of the median sagittal plane 
of the symphysis. 

Dc point (Dc) Midpoint of the mandibular condyle at the intersection of the base plane 
the skull. 

Mandibular notch (M) Most posterior point of the antegonial chamfer. 
Menton (Me) Lowest point of the mandible at the level of the mid sagittal plane of the 

symphysis. 
  

Cephalometric lines and planes 
Facial axis:  Line formed by the union of the points Pterigoideu (Pt) and Gnation (Gn); 
Baso-Nasion plane (Skull base 
plane): 

Formed by the union of the Basion points (Ba) and Nasion (Na); 

Frankfurt Plane: Results from the union of the Porion (Po) and Orbitale (Or) points; 
Facial plane: Formed by the union of the Nasion (N) and Pogonion (Pog) points; 
Xi-ENA Line Line constituted by the union of the points Centroíde (Xi) and nasal spine 

previous (Ena); 
Corpus Axis Line constituted by the union of the points Centroíde (Xi) and 

Suprapogonion (Pm); 
Condylar axis Formed by the union of the Condylar (DC) and Centroid (Xi) points; 
Mandibular plane Formed by the union of the points Menton (Me) and Antegonial (Ag) 

Cephalometric angles 
Facial axis angle:  Postero-inferior angle formed 

between the skull base plane (Na-
Ba) and the facial axis (Pt-Gn); 
clinical 

Clinical norm: 90º; clinical 
deviation: ± 3º 

Facial Depth:  
 

Angle formed by the facial plane 
(Na-Pog) and the horizontal of 
Frankfurt (FH);  

Clinical norm: 87º; clinical 
deviation: ± 3º; biological 
correction increases 0.3º/year; 

Lower Facial Height:  
 

Angle formed between the Xi - Pm 
and Xi - ENA planes; 

Clinical norm: 47º, clinical 
deviation: ± 4º; 

Mandibular arch Angle formed between the axis of 
the mandibular body and the 
condylar axis; 

Clinical norm: 26º; clinical 
deviation: ± 4º; biological 
correction increases 0.5º / year; 

Mandibular Plane angle Angle formed between the 
mandibular plane (Me-Ag) and FH; 
standard clinic: 26º (9 years);; 

Clinical deviation: ± 4º; biological 
correction decreases 0.3º / year 

 
  



 33 

Cephalometric lines and planes – Steiner Analysis 
SN line:   Line that passes through the sella (S) and Nasion (Na) points, located on 

the plane medium sagittal and at the base of the skull; 
NA line Line that joins the Nasion points (Na) and the point A (Pt.A); 
NB line Line that joins the Nasion points (Na) and the point B (Pt.B); 

Cephalometric angles 
SNA angle 
  

Angle formed between the SN line 
and the NA line; 

Clinical norm: 82º deviation 
clinical: ± 2º; 

SNB angle: Angle formed between the SN line 
and the NB line; 

Clinical norm: 80º deviation 
clinical: ± 2º; 
 

ANB angle Angle formed by the intersection of 
the NA line with the NB line; 

Clinical norm: 3rd; clinical 
deviation: ± 2º; 
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