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ABSTRACT 

 

Long-term evaluation of pharyngeal dimensions and hyoid bone position in 

Class II Malocclusion patients treated with Herbst functional appliance 

 

Introduction: This study aimed to evaluate the long-term changes in the pharyngeal 

dimensions and hyoid bone position in Class II malocclusion patients treated with 

Herbst functional appliance. Methods: The sample was composed of 15 skeletal Class 

II malocclusion patients (13.00 years old ± 1.21) who had been treated with Herbst 

functional appliance and followed for a mean period of 10 years (10.73 years ± 3.67). 

Lateral cephalometric radiographs were used to evaluate the pharyngeal dimensions 

and hyoid bone position. Radiographic measurements were performed with Dolphin® 

Imaging 11.9. Intragroup comparison between the evaluation stages was performed 

with repeated measures ANOVA, followed by Tukey tests if necessary. Results were 

considered statistically significant at p<0.05. Results: Regarding the pharyngeal 

variables, only the lower airway space increased significantly in the treatment period 

and all of them remained stable in the long-term posttreatment period. The hyoid bone 

moved significantly forward and downward during the treatment period and even 

further forward during the long-term posttreatment period. Conclusion: The increase 

in the lower airway space may be related to the forward shift of the mandible plus the 

growth effect. The hyoid bone was moved forward and downward as a treatment effect. 

Only the horizontal position of the hyoid bone changed significantly in the long-term 

posttreatment period, moving forward.  

 

Keywords: Malocclusion, Angle Class II. Orthodontic Appliances, Functional. 

Pharyngeal Airway. Hyoid Bone. Effects, Long-Term. 

  



 

 

  



 

 

RESUMO 

 

Avaliação em longo prazo das dimensões faríngeas e posição do osso hioide 

em pacientes com má oclusão de Classe II tratados com aparelho funcional de 

Herbst  

 

Introdução: Este estudo teve como objetivo avaliar em longo prazo as alterações nas 

dimensões faríngeas e posição do osso hioide de pacientes com má oclusão de 

Classe II tratados com aparelho funcional de Herbst. Métodos: A amostra foi 

composta por 15 pacientes com má oclusão de Classe II esquelética (13.00 anos de 

idade ± 1.21) tratados com aparelho funcional de Herbst e acompanhados por um 

período médio de 10 anos (10.73 ± 3.67). Radiografias cefalométricas laterais foram 

utilizadas para avaliar as dimensões faríngeas e a posição do osso hioide. As medidas 

radiográficas foram realizadas com o software Dolphin® Imaging 11.9. A comparação 

intragrupo entre as fases de avaliação foi realizada com o teste ANOVA de medidas 

repetidas, seguido por Tukey teste quando necessário. Resultados: Em relação às 

variáveis faríngeas, apenas o espaço aéreo inferior aumentou significativamente no 

período de tratamento e todas permaneceram estáveis no período pós-tratamento de 

longo prazo. O osso hioide moveu-se significativamente para frente e para baixo 

durante o período de tratamento e ainda mais para frente durante o período pós-

tratamento de longo prazo. Conclusão: O aumento do espaço aéreo inferior pode 

estar relacionado ao deslocamento para frente da mandíbula somado ao efeito do 

crescimento. O osso hioide foi movido para a frente e para baixo como efeito do 

tratamento. Apenas a posição horizontal do osso hioide mudou significativamente no 

período pós-tratamento de longo prazo, avançando. 

 

Palavras-chave: Má Oclusão de Angle Classe II. Aparelhos Ortodônticos Funcionais. 

Remodelação da Vias Aéreas. Osso Hioide. Efeito a Longo Prazo. 
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1 INTRODUCTION 

 

 

The pharyngeal airway anatomy and function is closely related with craniofacial 

development. (PRESTON; LAMPASSO; TOBIAS, 2004) As a result of the proximity 

between the pharynx and dentofacial structures, it is expected to exist an interrelation 

between the dentofacial pattern and respiratory changes and, therefore, different 

anteroposterior skeletal patterns seem to have an influence on airway dimensions. 

(CEYLAN; OKTAY, 1995; STELLZIG-EISENHAUER; MEYER-MARCOTTY, 2010; ZHONG 

et al., 2010)   

About 2-10% of school-age children suffer from sleep-disordered breathing and these 

patients commonly experience constriction in the upper airway. (CEYLAN; OKTAY, 1995; 

KHAYAT; BIN-HASSAN; AL-SALEH, 2017; LAL et al., 2015; WILDHABER; MOELLER, 

2007) The obesity is the main risk factor for Obstructive Sleep Apnea Syndrome (OSAS) in 

children, but when children with skeletal Class II malocclusion is compared with children with 

normal occlusion, they have significantly smaller nasopharyngeal dimensions, therefore it is 

also a risk factor for future respiratory problems. (GUILLEMINAULT et al., 1996; KIM et al., 

2010; MERGEN; JACOBS, 1970; REDLINE et al., 1999; ZHONG et al., 2010)  

Several environmental and genetic factors contribute to Class II malocclusion, but 

mandibular retrusion is the most common factor. (MCNAMARA JR., 1981) Functional 

orthopedic treatment with mandible position correction have been used in children to move 

the mandible forward, increase the upper airway and improve function in patients with 

respiratory problems, as well as the prevention of OSAS. (GHODKE et al., 2014; PAVONI 

et al., 2017; VILLA et al., 2002; VILLA; MIANO; RIZZOLI, 2012)   

OSAS is characterized by repeated episodes of partial or complete upper airway 

obstruction during sleep and can affect lung ventilation, oxygenation, sleep quality, sweating 

and bedwetting. (PARK; RAMAR; OLSON, 2011) In children, untreated OSAS can cause 

behavioral problems, affect cognitive performance, and cause more serious morbidities, 

such as growth failure and systemic hypertension. (BENNINGER; WALNER, 2007) 

Authors suggest that early treatment with mandibular advancement can permanently 

modify mouth breathing, avoiding upper airway obstruction and suggesting that in some 
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cases orthodontic treatment can be chosen that improves not only mandibular relationships 

but also reduce the risk of acquiring OSAS. (VILLA; MIANO; RIZZOLI, 2012) 

The functional orthopedic appliances used to correct Class II malocclusion can be 

classified into flexible, rigid or hybrid, according to the system of forces they use to move 

the mandible forward. (RITTO; FERREIRA, 2000) The flexible fixed functional appliances 

allow for satisfactory mandibular movement, with lateral guidance being easily performed. 

The rigid fixed functional appliances are not elastic nor flexible and the mandible is in forward 

position 24 hours a day, with allows more stimulation for growth and, therefore, these 

appliances produce greater skeletal effects than those produced by flexible ones. (MORO 

et al., 2018; RITTO; FERREIRA, 2000) 

The Herbst appliance is a rigid fixed functional appliance for treatment of Class II 

malocclusion with several advantages when compared to removable functional appliances, 

and it is probably the functional appliance most often used worldwide to correct Class II 

malocclusion with mandibular deficiency. (MORO et al., 2018; PANCHERZ, 1985) Many 

variations in the Herbst’s design have occurred over the years and the Cantilever Bite 

Jumper (CBJ; Ormco Corporation, Orange, Calif) was a variation introduced by Mayes in 

1994, offering some advantages over other Herbst designs, such as easier dentition 

transition. (LAI; MCNAMARA, 1998; MAYES, 1994; 1996; WIESLANDER, 1984) 

Some authors studied the effects of treatment with functional appliances in the upper 

airway and found that removable functional appliances were more efficient than fixed 

functional appliances in improving the dimensions of the pharyngeal airway. (ANUSUYA; 

JENA; SHARAN, 2019) Despite the large number of studies in the literature evaluating these 

changes, there is only one published study that researched about long-term effects of fixed 

functional appliances in the airway dimensions, which is essential for evaluating treatment 

efficacy. (DROSEN et al., 2018) Thus, the aim of this study was evaluating the long-term 

changes in the pharyngeal airway dimensions and hyoid bone position in Class II 

malocclusion patients treated with Herbst functional appliance. 
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2 ARTICLE 

 

 

The article presented in this Dissertation was formatted according to the 

American Journal of Orthodontics and Dentofacial Orthopedics instructions and 

guidelines for article submission. 
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LONG-TERM EVALUATION OF PHARYNGEAL DIMENSIONS AND HYOID BONE 

POSITION IN CLASS II MALOCCLUSION PATIENTS TREATED WITH HERBST 

FUNCTIONAL APPLIANCE 

 

Introduction: This study aimed to evaluate the long-term changes in the pharyngeal 

dimensions and hyoid bone position in Class II malocclusion patients treated with 

Herbst functional appliance. Methods: The sample was composed of 15 skeletal Class 

II malocclusion patients (13.00 years old ± 1.21) who had been treated with Herbst 

functional appliance and followed for a mean period of 10 years (10.73 years ± 3.67). 

Lateral cephalometric radiographs were used to evaluate the pharyngeal dimensions 

and hyoid bone position. Radiographic measurements were performed with Dolphin® 

Imaging 11.9. Intragroup comparison between the evaluation stages was performed 

with repeated measures ANOVA, followed by Tukey tests if necessary. Results were 

considered statistically significant at p<0.05. Results: Regarding the pharyngeal 

variables, only the lower airway space increased significantly in the treatment period 

and all of them remained stable in the long-term posttreatment period. The hyoid bone 

moved significantly forward and downward during the treatment period and even 

further forward during the long-term posttreatment period. Conclusion: The increase 

in the lower airway space may be related to the forward shift of the mandible plus the 

growth effect. The hyoid bone was moved forward and downward as a treatment effect. 

Only the horizontal position of the hyoid bone changed significantly in the long-term 

posttreatment period, moving forward.  

 

Keywords: Malocclusion, Angle Class II. Orthodontic Appliances, Functional. 

Pharyngeal Airway. Hyoid Bone. Effects, Long-Term. 
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INTRODUCTION 
 

Class II malocclusion is one of the most prevalent orthodontic problems in the 

world population and represents approximately one-third of the patients that seek 

orthodontic treatment.1 This malocclusion is present in about 15% of the total United 

States population,1 27.2% of English adolescents,2 36.3% of Italian adolescents,3 

27.0% of Chinese children4 and 38% of Brazilian children.5 

The relationship between sagittal skeletal pattern and airway space has been 

subject of several studies, and different anteroposterior skeletal patterns seem to have 

an influence on airway dimensions.6 Compared to children with normal occlusions, 

children with skeletal Class II malocclusion has significantly smaller nasopharyngeal 

dimensions6 and has a higher risk of future respiratory problems.7 

Functional appliances (FAs) are routinely used to treat children with Class II 

skeletal malocclusion due to mandibular retrognathism8 and it may help to increase 

the airway dimensions, preventing respiratory disorders.9 Thus, in some cases, 

orthodontic treatment can be chosen that improves not only maxillomandibular 

relationship but also reduce the risk of acquiring Obstructive Sleep Apnea Syndrome 

(OSAS).10 

 The Herbst appliance is a fixed functional orthopedic device for treatment of 

Class II malocclusion with several advantages when compared to removable functional 

appliances.11 Many variations in the Herbst’s design have occurred over the years and 

the Cantilever Bite Jumper (CBJ; Ormco Corporation, Orange, Calif) was a variation 

introduced by Mayes in 1994,12 offering some advantages over other Herbst designs, 

such as easier dentition transition.13 

Previous studies have evaluated the association between fixed functional 

orthopedic appliances to treat Class II patients with mandibular retrognathism and 

changes in airway dimensions,14,15 and it is a controversial subject. Specifically about 

the association between airway and Class II malocclusion treatment with Herbst 

functional appliance, some studies showed dimension improvement of specific regions 

of upper airway16-20 and others showed no significant changes in any of them.15,21 

Besides that, it is important to realize that some studies of airway dimensions changes 

by treatment of Class II malocclusion with Herbst appliance associated this protocol 

with rapid maxillary expansion (RME).16,18 Modification of pharyngeal airway by RME 

is described in the literature,22 then these results need to be carefully evaluated. 
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The literature reports that removable functional appliances are more efficient 

than fixed functional appliances in improving pharyngeal dimensions15,23, but these 

findings need to be evaluated carefully. Although some authors have researched the 

long-term effects of the treatment with removable functional appliances in the upper 

airway, until the moment only one study researched the long-term effects of fixed 

functional appliances,21 which is essential for evaluating treatment efficacy. Therefore, 

this study aimed to evaluate the long-term changes in the upper airway dimensions 

and hyoid bone position in Class II malocclusion patients treated with Herbst functional 

appliance. 

 

MATERIAL AND METHODS 
 
 

The present study was approved by the Ethics Committee in Human Research 

of the Bauru Dental School, University of São Paulo, under protocol number 

CAAE: 22082219.0.0000.5417. 

The sample size was calculated with a statistical power of 0.80 and an alpha of 

5%, to detect a mean difference of 0.25 mm for the middle airway space (U-MPW) with 

a standard deviation of 0.32 mm, obtained in the study conducted by Göymen, Mourad 

and Güleç.14 The result showed the need for 15 patients.  

The sample for the study group was taken retrospectively from the Department 

of Orthodontics, Bauru Dental School, University of São Paulo, Brazil and the patients 

selected had attended by graduate students. The inclusion criteria were: patients with 

initial Angle Class II, division 1 malocclusion and mandibular retrognathism; who 

underwent functional orthopedic treatment with Herbst, associated with fixed 

orthodontic appliance, aged between 11 and 15 years old; ANB angle > 4º; SNB angle 

< 80º; complete orthodontic records, including lateral cephalometric radiographs 

available in three moments: T1, pretreatment; T2, posttreatment (Herbst followed by 

orthodontic fixed appliances treatment); and T3, long-term posttreatment (at least 7 

years posttreatment) (Fig.1, table I). 

A total of 15 subjects (5 female; 10 male), with a mean age of 13.00 years (SD, 

1.21) was selected. No subjects had a history of previous orthodontic/orthopedic 

treatment or any palatal/lip cleft symptom. At the time of anamnesis, the parents were 

questioned about their children’s medical history and any children with chronic mouth 
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breathing, permanent snoring, and tonsillectomy or adenoidectomy were excluded. 

Therefore, 45 lateral cephalometric radiographs (three of each patient) were obtained 

from T1, T2 and T3. 

The patients selected were treated without extractions with Herbst variation - 

Cantilever Bite Jumper (CBJ - Ormco Corporation, Orange, Calif) orthopedic approach, 

followed by fixed appliances. The CBJ was used during a mean period of 1.18 years 

(SD, 0.19). After correcting the anteroposterior discrepancy, fixed orthodontic 

appliances were used to refine the occlusion (Roth prescription, Morelli, Sorocaba, 

Brazil). Class II intermaxillary elastics were used for finishing and as active retention. 

This second period lasted a mean time of 3.01 years (SD, 1.48).  Patients wore a fixed 

mandibular canine-to-canine retainer for a minimum of 5-years or until the end of 

growth and a Hawley plate in the maxillary arch for 1-year after comprehensive 

treatment.  

The lateral cephalometric radiographs were digitized and analyzed with 

Dolphin® Imaging 11.9 software (Patterson Dental Supply, Inc., Chatsworth, 

California, USA) by a single examiner (T.Y.). According to the respective X-Ray unit's 

settings and instructions, the software corrected the image magnification factors. 

The cephalometric landmarks and analysis of the pharyngeal structures and 

hyoid bone position were based on the methods described previously by Liu et al24 and 

Zhe Zong et al.24,25 (Table II, Fig 2). The cephalometric variables representing the 

dentoskeletal pattern were evaluated by Steiner analysis.26 A customized 

cephalometric analysis generated 13 variables, 6 angular and 7 linear, for each tracing 

(Table III).  

 

Error study 

 

Thirty percent of the lateral cephalometric radiographs was randomly selected, 

retraced and remeasured by the same examiner (T.Y.) after a 30-day interval. 

IntraClass Correlation Coefficient (ICC) was used for test reliability. 

 

Statistical analyses 

 

Normal distribution was evaluated and confirmed with Shapiro-Wilk tests.  
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Intragroup comparison between the three evaluation stages was performed with 

repeated measures ANOVA, followed by Tukey tests if necessary.  

Results were considered statistically significant at P<0.05. Statistical analyses 

were performed with Statistica software (Statistica for Windows 12.0; Statsoft, Tulsa, 

Okla, USA).  

 

 

RESULTS 
 

IntraClass correlation coefficients for the two separate measurements on the 

cephalometric radiographs ranged between 0.968 (Hy-Mp perp) and 0.997 (L1.NB), 

indicating excellent reliability.27  

Comparing T1-T2, the skeletal components showed a statistically significant 

increase in the SNB angle, a statistically significant improvement in the 

maxillomandibular relationship and a mandibular counterclockwise rotation (Herbst 

followed by fixed appliances). These variables were stable in the long-term 

posttreatment period. There were no significant changes in the dentoalveolar 

component between T1, T2 and T3 in the treated group.  

About the pharyngeal airway variables, only the lower airway space increased 

significantly in the treatment period. No other of these variables has undergone 

significant changes.  

The distance between the hyoid bone and the third cervical vertebra was 

statistically different between each one of the three stages, increasing over time. The 

mandibular plane distance perpendicular to the hyoid bone was increased in the 

treatment period and remained stable in the long-term posttreatment period (Table IV). 

 

 

DISCUSSION  
 

Although there are previous studies that evaluate the association between 

airway and functional appliances, the literature is scarce about long-term evaluations. 

In our study, we assessed upper airway dimensions and hyoid bone position changes 

in Class II patients with mandibular retrognathism treated with Herbst CBJ functional 

appliance for an average of 10 years (10.73y ± 3.67) of follow-up.  It is important to 

discuss the effectiveness and stability of the treatment. 
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The sample size was sufficient to give reliability to the results. Statistical 

significance was achieved, indicating that the treatment effect was large enough to be 

detected in a limited sample. In addition, although a small sample size, it is substantial 

because the subjects were evaluated more than 10 years posttreatment. Several 

authors who have conducted similar researches showed similar samples.20,21   

For ethical reasons, it seems obvious the impossibility of long-term follow-up of 

untreated Class II individuals. Moreover, Mislik et al.28 studying the pharyngeal airway 

measurements of untreated patients, declared that most of the growth of airway 

structures finishes in early childhood and only a slight continuous increase of about 1 

mm was detected between 6 and 17 years of age. Our treated group was on average 

18 years old at the end of treatment; then, it was expected that there would be no 

increase in the upper airway dimensions from growth in the follow-up period. A similar 

long-term follow-up study21 of Class II treatment with fixed functional appliance and 

effects in the pharyngeal airway compared the treated group with untreated groups of 

individuals with Classes I and II malocclusion and observed that there were no 

significant differences between the groups regarding airway changes in the follow-up 

period. Therefore, our results were not affected by growth. 

Although the three-dimensional imaging (3D) using cone-beam computed 

tomography (CBCT) to evaluate changes in airway dimensions is preferred to a lateral 

cephalometric radiograph, CBCT is not a standard diagnosis method in Orthodontics 

and routine use is not recommended for legal and ethical reasons because of radiation 

exposure.29 Furthermore, the total CBCT scanning time is about 20 seconds and the 

long exposure time can resulting blurring due to body movement, deglutition, and 

breathing, which can affect the measurements considerably.30 On the other hand, the 

2D lateral cephalometric radiograph has a low radiation exposure and has been the 

standard tool for Orthodontic diagnostic and treatment planning.31 

The literature shows a significant correlation between sagittal cephalometric 

measurements of the airway and 3D analysis with CBCT imaging32 and, besides that, 

it was reported a high accuracy and reproducibility of airway measurements performed 

on lateral cephalometric radiographs.33 Hence, this method for analyzing the airway is 

still a valid tool as it is inexpensive, has minimal dose radiation and give accurate 

measurements.34   

In our study, we assessed upper airway dimensions and hyoid bone position 

changes in Class II patients with mandibular retrognathism treated with Herbst CBJ 
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functional appliance followed by a fixed orthodontic appliance in the long-term follow-

up (10.73y ± 3.67).  

Regarding the skeletal components changes in the posttreatment, the sample 

suffered an increase in mandibular protrusion, as previously reported for similar 

appliances,35,36 probably as a result of treatment, normal growth changes37 and 

mandibular counterclockwise rotation that agree with the results of Manni et al.38  There 

was a statistically significant improvement in the maxillomandibular relationship, as the 

literature has already shown,39 represented mainly by the changes in the mandibular 

component and growth.8 

 There were no significant changes in the dentoalveolar variables between T1 

and T2. According to Moro et al.35, the Herbst CBJ variation causes less mandibular 

incisors protrusion when compared to other designs of this appliance.  

Concerning the upper airway variables, during treatment, a significant increase 

was observed only in the lower airway space. This seems contradictory, as several 

studies that evaluated airway effects of Herbst appliance report an increase in the 

oropharyngeal region,16,19 but it corroborates with the study by Koay et al.17 that found 

that the greatest dimensional upper airway improvement with Herbst appliance was in 

the hypopharynx region. Moreover, other studies reported an increase in the 

hypopharynx as a consequence of this treatment.16,18,20 This may be due to some 

treatment effect, probably related to the forward shift of the mandible, plus the growth 

effect.17,18 A recent study reported improvement only in the oropharynx, but they did 

not include the hypopharynx in their evaluation.19 In contrast, some authors concluded 

that the treatment of Class II malocclusion with the Herbst appliance does not improve 

significantly any linear dimension of the upper airway.15,21,40  

In our study, the sample did not show statistically significant changes in the 

dentoalveolar variables, and it may explain the insignificant changes in the oropharynx. 

The dentoalveolar changes, especially the mandibular incisor protrusion by functional 

orthopedic appliances may be responsible for the expansion of the oral cavity and, 

consequently, the more anterior position of the tongue. This change can result in an 

increase in the size of the airways.41   

The biggest part of the studies that evaluated the relationship between 

treatment with Herbst appliance and upper airway did not evaluate the hyoid bone 

position. Previous studies have shown that changes in hyoid bone position seem to be 

related to mandibular position changes.42 In our study, the hyoid bone was moved 
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significantly forward in the treatment period, which corroborate with previous studies 

that evaluated functional appliances and that showed that the anterior displacement of 

the mandible by the functional appliances improve the horizontal position of the hyoid 

bone and, consequently, the position of the tongue, improving the upper 

airway.16,20,40,43 Also, the hyoid bone was moved in an inferior direction which is 

supporting by Zhou’s study,44 and Ulusoy’s study43 who showed a downward 

displacement of the hyoid bone after functional treatment, but do not corroborate with 

a previous study45 which declared that hyoid bone moved in a superior direction 

following functional mandibular advancement in the short-term, however, in the long-

term, it moved downwards towards its original position as a compensatory action. Gul 

Amuk et al.,16 studying the Herbst appliance effects, found that the vertical position of 

hyoid bone did not exhibit a significant change with treatment.  

There is a lack of information about the long-term effects of fixed functional 

appliances in the airway dimension. Until the moment, only one study evaluated the 

long-term effects of fixed functional appliances on the upper airway and they did not 

analyze the changes in the hypopharynx dimension and hyoid bone position, besides 

that they included patients treated with the extraction in their sample.21  Some authors 

have researched long-term effects of treatment with removable functional appliances 

in the upper airway,46,47 but it is important noting that different functional appliances 

may result in different effects on the dentoalveolar and skeletal structures,48 as well in 

the upper airway and hyoid bone position.40,49  

 In our study, in the long-term posttreatment period, only the horizontal position 

of hyoid bone changed significantly, moving forward, which is in agreement with the 

study by Ulusoy.43 All the other variables were stable in this period, corroborating with 

long-term follow-up studies with functional appliances.46,47 

 Our study has some limitations and this needs to be reported. Because it is a 

retrospective study, we don't know if there was special instruction given to the patient 

about the tongue and head position in the lateral cephalogram records, affecting our 

findings. Another limitation of this study was that body mass index (BMI) could not be 

included in a retrospective study design. Body mass index has been shown to impact 

the dimensions of the airway in children50 and adults51 and may it influenced the airway 

measurements. Cephalograms are still widely used to assess pharyngeal airways. 

However, only the static position of airway structures can be assessed by lateral 

cephalometric radiographs. Further studies may be aimed at the long-term effects of 
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fixed functional treatment on the pharyngeal airway with three-dimensional imaging 

and a more controlled sample to confirm our results. 

 
 

CONCLUSION 

 

During treatment, the sample showed a significant change in the lower airway 

space, which may be related to the forward shift of the mandible, plus the growth effect. 

The hyoid bone was moved forward and downward as a treatment effect. Among all 

the variables studied, only the hyoid bone's horizontal position changed significantly in 

the long-term posttreatment period, moving forward. 

 

 

Acknowledgment: To the Coordination for the Improvement of Higher Education 

Personnel (CAPES) for the financial support (finance code 001).  

   



Article  29 

 

REFERENCES 
 
 
1. Proffit WR, Fields HW, Moray LJ. Prevalence of malocclusion and orthodontic 

treatment need in the United States: estimates from the NHANES III survey. Int 
J Adult Orthodon Orthognath Surg 1998;13:97-106. 

2. Foster TD, Walpole Day AJ. A Survey of Malocclusion and the Need for Orthodontic 
Treatment in a Shropshire School Population. Br J Orthod 1974;1:73-78. 

3. 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. 

4. Yang J, LI Y-z, LIU Y, Zhang Q, Yuan X. Epidemiological survey of malocclusion in 
8-9 year-old children in Qingdao Laoshan district. Shanghai Journal of 
Stomatology 2019;28:284-287. 

5. Almeida MR, Pereira ALP, Almeida RR, Almeida-Pedrin RR, Silva Filho OG. 
Prevalence of malocclusion in children aged 7 to 12 years. Dental Press J Orthod 
2011;16:123-131. 

6. Kim Y-J, Hong J-S, Hwang Y-I, Park Y-H. Three-dimensional analysis of pharyngeal 
airway in preadolescent children with different anteroposterior skeletal patterns. 
Am J Orthod and Dentofacial Orthop 2010;137:306.e301-306.e311. 

7. Guilleminault C, Pelayo R, Leger D, Clerk A, Bocian RCZ. Recognition of Sleep-
disordered Breathing in Children. Pediatrics 1996;98:871. 

8. Zymperdikas VF, Koretsi V, Papageorgiou SN, Papadopoulos MA. Treatment 
effects of fixed functional appliances in patients with Class II malocclusion: a 
systematic review and meta-analysis. Eur J of Orthod 2016;38:113-126. 

9. Ghodke S, Utreja AK, Singh SP, Jena AK. Effects of twin-block appliance on the 
anatomy of pharyngeal airway passage (PAP) in class II malocclusion subjects. 
Prog Orthod 2014;15:68. 

10. Li Y. Early orthodontic treatment of skeletal Class II malocclusion may be effective 
to prevent the potential for OSAHS and snoring. Med Hypotheses 2009;73:594-
595. 

11. Pancherz H. The Herbst appliance—Its biologic effects and clinical use. Am J 
Orthod 1985;87:1-20. 

12. Mayes JH. Improving appliance efficiency with the Cantilever Herbst: a new answer 
to old problems. Clin Impressions 1994;3:2–5. 17–19. 

13. Mayes JH. The single-appointment preattached Cantilever. Clin Impressions 
1996;5:14–23. 

14. Göymen M, Mourad D, Güleç A. Evaluation of Airway Measurements in Class II 
Patients Following Functional Treatment. Turk J Orthod 2019;32:6-10. 

15. Kannan A, Sathyanarayana HP, Padmanabhan S. Effect of functional appliances 
on the airway dimensions in patients with skeletal class II malocclusion: A 
systematic review. J Orthod Sci 2017;6:54-64. 

16. Gul Amuk N, Kurt G, Baysal A, Turker G. Changes in pharyngeal airway 
dimensions following incremental and maximum bite advancement during 
Herbst-rapid palatal expander appliance therapy in late adolescent and young 



30  Article 

 

adult patients: a randomized non-controlled prospective clinical study. Eur J 
Orthod 2019;41:322-330. 

17. Koay WL, Yang Y, Tse CS, Gu M. Effects of Two-Phase Treatment with the Herbst 
and Preadjusted Edgewise Appliances on the Upper Airway Dimensions. 
ScientificWorldJournal 2016;2016:4697467. 

18. Manni A, Pasini M, Giuca MR, Morganti R, Cozzani M. A retrospective 
cephalometric study on pharyngeal airway space changes after rapid palatal 
expansion and Herbst appliance with or without skeletal anchorage. Prog Orthod 
2016;17:29. 

19. Oliveira PM, Cheib-Vilefort PL, de Pársia Gontijo H, Melgaço CA, Franchi L, 
McNamara JA, Jr. et al. Three-dimensional changes of the upper airway in 
patients with Class II malocclusion treated with the Herbst appliance: A cone-
beam computed tomography study. Am J Orthod Dentofacial Orthop 
2020;157:205-211. 

20. Schütz TC, Dominguez GC, Hallinan MP, Cunha TC, Tufik S. Class II correction 
improves nocturnal breathing in adolescents. Angle Orthod 2011;81:222-228. 

21. Drosen C, Bock NC, von Bremen J, Pancherz H, Ruf S. Long-term effects of Class 
II Herbst treatment on the pharyngeal airway width. Eur J Orthod 2018;40:82-89. 

22. Almuzian M, Ju X, Almukhtar A, Ayoub A, Al-Muzian L, McDonald JP. Does rapid 
maxillary expansion affect nasopharyngeal airway? A prospective Cone Beam 
Computerised Tomography (CBCT) based study. Surgeon 2018;16:1-11. 

23. Anusuya V, Jena AK, Sharan J. Effects of functional appliance treatment on 
pharyngeal airway passage dimensions in Class II malocclusion subjects with 
retrognathic mandibles: A systematic review. APOS Trends in Orthodontics 
2019;9. 

24. Liu Y, Zeng X, Fu M, Huang X, Lowe AA. Effects of a mandibular repositioner on 
obstructive sleep apnea. Am J Orthod Dentofacial Orthop 2000;118:248-256. 

25. Zhong Z, Tang Z, Gao X, Zeng X-L. A Comparison Study of Upper Airway among 
Different Skeletal Craniofacial Patterns in Nonsnoring Chinese Children. Angle 
Orthod 2010;80:267-274. 

26. Steiner CC. Cephalometrics for you and me. Am J Orthod 1953;39:729-755. 

27. Portney LGW, M.P. Foundations of clinical research: Applications to practice. 
Prentice Hall Health, Upper Saddle River. 2000;2nd Edition. 

28.  Mislik B, Hänggi MP, Signorelli L, Peltomäki TA, Patcas R. Pharyngeal airway 
dimensions: a cephalometric, growth-study-based analysis of physiological 
variations in children aged 6–17. Eur J Orthod 2014;36:331-339. 

29. Garib DG, Calil LR, Leal CR, Janson G. Is there a consensus for CBCT use in 
Orthodontics? Dental Press J Orthod 2014;19:136-149. 

30. Chang Y, Koenig LJ, Pruszynski JE, Bradley TG, Bosio JA, Liu D. Dimensional 
changes of upper airway after rapid maxillary expansion: A prospective cone-
beam computed tomography study. Am J Orthod Dentofacial Orthop 
2013;143:462-470. 

31. Arnett GW, Bergman RT. Facial keys to orthodontic diagnosis and treatment 
planning. Part I. Am J Orthod Dentofacial Orthop 1993;103:299-312. 



Article  31 

 

32. Feng X, Li G, Qu Z, Liu L, Näsström K, Shi XQ. Comparative analysis of upper 
airway volume with lateral cephalograms and cone-beam computed tomography. 
Am J Orthod Dentofacial Orthop 2015;147:197-204. 

33. Kaur S, Rai S, Kaur M. Comparison of reliability of lateral cephalogram and 
computed tomography for assessment of airway space. Niger J Clin Pract 
2014;17:629-636. 

34. Johnston CD, Richardson A. Cephalometric changes in adult pharyngeal 
morphology. Eur J Orthod 1999;21:357-362. 

35. Moro A, Janson G, de Freitas MR, Henriques JF, Petrelli NE, Lauris JP. Class II 
correction with the Cantilever Bite Jumper. Angle Orthod 2009;79:221-229. 

36. Gao WL, Xiangdong and Bai, Yuxing. An assessment of late fixed functional 
treatment and the stability of Forsus appliance effects. Aust Orthod J 2014;30:2-
10. 

37. Voudouris JC, Kuftinec MM. Improved clinical use of Twin-block and Herbst as a 
result of radiating viscoelastic tissue forces on the condyle and fossa in treatment 
and long-term retention: Growth relativity. Am J Orthod Dentofacial Orthop 
2000;117:247-266. 

38. Manni A, Pasini M, Giuca MR, Morganti R, Cozzani M. A retrospective 
cephalometric study on pharyngeal airway space changes after rapid palatal 
expansion and Herbst appliance with or without skeletal anchorage. Prog Orthod 
2016;17:29. 

39. Pancherz H, Anehus-Pancherz M. Facial profile changes during and after Herbst 
appliance treatment. Eur J Orthod 1994;16:275-286. 

40. Hourfar J, Lisson JA, Kinzinger GSM. Changes of epiglottis and hyoid bone position 
after orthodontic treatment with cast splint fixed functional appliances. Clin Oral 
Investig 2021;25:1525-1534. 

41. Baka ZM, Fidanboy M. Pharyngeal airway, hyoid bone, and soft palate changes 
after Class II treatment with Twin-block and Forsus appliances during the 
postpeak growth period. Am J Orthod Dentofacial Orthop 2021;159:148-157. 

42. Graber LW. Hyoid changes following orthopedic treatment of mandibular 
prognathism. Angle Orthod 1978;48:33-38. 

43. Ulusoy C, Canigur Bavbek N, Tuncer BB, Tuncer C, Turkoz C, Gencturk Z. 
Evaluation of airway dimensions and changes in hyoid bone position following 
class II functional therapy with activator. Acta Odontol Scand 2014;72:917-925. 

44. Zhou L, Zhao Z, Lu D. [The analysis of the changes of tongue shape and position, 
hyoid position in Class II, division 1 malocclusion treated with functional 
appliances (FR-I)]. Hua Xi Kou Qiang Yi Xue Za Zhi 2000;18:123-125. 

45. Robertson C. The effect of long-term mandibular advancement on the hyoid bone 
and pharynx as it relates to the treatment of obstructive sleep apnoea [online]. 
Aust Orthod J;16:57-166. 

46. Hänggi MP, Teuscher UM, Roos M, Peltomäki TA. Long-term changes in 
pharyngeal airway dimensions following activator-headgear and fixed appliance 
treatment. Eur J Orthod 2008;30:598-605. 



32  Article 

 

47. Han S, Choi YJ, Chung CJ, Kim JY, Kim K-H. Long-term pharyngeal airway 
changes after bionator treatment in adolescents with skeletal Class II 
malocclusions. Korean J Orthod 2014;44:13-19. 

48. Phan KLD, Bendeus M, Hägg U, Hansen K, Rabie ABM. Comparison of the 
headgear activator and Herbst appliance—effects and post-treatment changes. 
Eur J Orthod 2006;28:594-604. 

49. Jena AK, Singh SP, Utreja AK. Effectiveness of twin-block and Mandibular 
Protraction Appliance-IV in the improvement of pharyngeal airway passage 
dimensions in Class II malocclusion subjects with a retrognathic mandible. Angle 
Orthod 2012;83:728-734. 

50. Ekström S, Hallberg J, Kull I, Protudjer JLP, Thunqvist P, Bottai M et al. Body mass 
index status and peripheral airway obstruction in school-age children: a 
population-based cohort study. Thorax 2018;73:538. 

51. Mayer P, Pepin JL, Bettega G, Veale D, Ferretti G, Deschaux C et al. Relationship 
between body mass index, age and upper airway measurements in snorers and 
sleep apnoea patients. Eur Respir J 1996;9:1801. 

  



Article  33 

 

FIGURE LEGENDS 

 
 
Fig.1- A) Pretreatment (T1); B) During treatment with Herbst (CBJ); C) Posttreatment 
(T2); D) Long-term posttreatment (T3). 
 
Fig. 2- Diagram of landmarks and variables associated with upper airway and hyoid 
bone. 
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Table I. Descriptive characteristics of the experimental group. 
 

X n = 15 

Stage/Period Mean S.D. 
T1 age 13.00 1.21 
T2 age 18.02 1.78 
T3 age 28.75 4.37 

Total treatment period (T2-T1) 5.02 1.55 
Long-term Posttreatment period (T3-T2) 10.73 3.67 

Sex 
Male Female 

10 (66.66%) 5 (33.33%) 
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Table II. Definitions of the cephalometric landmarks used in the present study. 
 

Cephalometric    
landmarks 

Definition 

N Most anterior point of the frontonasal suture in the sagittal view 
S Center of the pituitary fossa 
A Point of maximum concavity in the midline of the alveolar 

process of the maxilla in the sagittal view  
B Point of maximum concavity in the midline of the alveolar 

process of the mandible in the sagittal view  
Me Most inferior point of the mandibular symphysis in the sagittal 

view 
Go The deepest point of the curvature of the angle of the 

mandible between the inferior border of corpus and posterior 
border of the ramus of mandible in sagittal view 

U1 Maxillary incisor tip 
L1 Mandibular incisor tip 
U Lower end of the soft palate 
V The most posteroinferior point on the base of the tongue  

SPP Point of intersection of line from soft palate center 
perpendicular to posterior pharyngeal wall and posterior 
margin of soft palate 

SPPW Point of intersection of line from soft palate center 
perpendicular to posterior pharyngeal wall and posterior 
pharyngeal wall 

MPW Foot point of perpendicular line from point U to posterior 
pharyngeal wall 

LPW Foot point of perpendicular line from point V to posterior 
pharyngeal wall  

Hy Most anterior point on the hyoid bone 
C3 Most anteroinferior point on corpus of third cervical vertebra  
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Table III. Summary of the variables used for the cephalometric comparisons. 
 

Variable Interpretation 

Skeletal component 

SNA Angle between SN and NA 
SNB Angle between SN and NB 
ANB Angle between AN and NB 

SN.GoGn Angle between S-N and Go-Gn 
Dentoalveolar component 

U1-NA  Distance between NA line and the most anterior point of the  
maxillary incisor crown 

U1.NA  Angle between NA line and the long axis of the maxillary  
incisor 

L1-NB  Distance between NB line and the most anterior point of the  
lower incisor crown  

L1.NB  Angle between NB line and the long axis of the mandibular 
incisor 

Pharyngeal airway 

SPP-SPPW Superior airway space: Distance between SPP and SPPW 
(nasopharynx / palatopharynx) 

U-MPW Middle airway space: Distance between U and MPW 
V-LPW (mm) Inferior airway space: Distance between V and LPW 

Hyoid bone position 

Hy-C3 Distance between the most anterior point of the hyoid bone 
and the most anteroinferior point in the body of third cervical 
vertebra 

Hy-MPperp Distance from the mandibular plane (Go-Me) perpendicular to 
the hyoid bone 
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Table IV. Intragroup comparisons of the cephalometric variables among the three stages 
(repeated measures ANOVA, followed by Tukey tests). 
 

Variables 
T1 T2 T3 

p 
Mean (s.d.) Mean (s.d.) Mean (s.d.) 

Skeletal components 
SNA (°) 81.76 (2.66) 81.15 (2.99) 81.32 (3.14) 0.416 
SNB (°) 76.22 (1.97) A 77.85 (2.23) B 78.32 (2.77) B 0.008* 
ANB (°) 5.51 (1.77) A 3.29 (1.89) B 2.99 (1.95) B 0.000* 

SN.GoGn (°) 31.54 (4.95) A 29.60 (3.77) B 29.04 (5.48) B 0.047* 
Dentoalveolar components 

U1-NA (mm) 4.18 (3.02) 4.61 (1.64) 4.74 (1.86) 0.672 
U1.NA (°) 23.03 (10.20) 25.32 (6.64) 25.95 (7.29) 0.380 

L1-NB (mm) 4.64 (2.72) 6.07 (1.87) 5.74 (2.24) 0.066 
L1.NB (°) 25.45 (8.48) 30.49 (5.81) 28.72 (5.63) 0.084 

Pharyngeal airway 
SPP-SPPW 

(mm) 
11.68 (2.41) 12.23 (2.12) 10.99 (2.32) 0.104 

U-MPW (mm) 9.88 (2.63) 9.43 (2.53) 9.62 (2.58) 0.758 
V-LPW (mm) 15.94 (2.53) A 18.32 (3.60) B 19.09 (3.93) B 0.007* 

Hyoid bone position 
Hy-C3 (mm) 31.45 (3.35) A 34.65 (4.88) B 36.48 (5.57) C 0.000* 
Hy-MPperp 

(mm) 
15.14 (3.29) A 18.58 (3.88) B 21.07 (4.22) B 0.002* 

* Statistically significant at p<0.05 
Different letters in the same row indicate the presence of a statistically significant 
difference between the stages. 
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3 DISCUSSION 

 

 

Previous studies have evaluated the association between fixed functional 

orthopedic appliances to treat Class II patients with mandibular retrognathism and 

changes in airway dimensions and it is a controversial subject. (ARAS et al., 2016; 

BAVBEK; BAVBEK et al., 2016; GÖYMEN; MOURAD; GÜLEÇ, 2019; KANNAN; 

SATHYANARAYANA; PADMANABHAN, 2017) Specifically about the association 

between airway and Class II malocclusion treatment with Herbst functional appliance, 

some studies showed dimension improvement of specific regions of airway and others 

showed no significant changes in any of them. (CELIKOGLU et al., 2016; DROSEN et 

al., 2018; GU et al., 2019; GUL AMUK et al., 2019; KANNAN; SATHYANARAYANA; 

PADMANABHAN, 2017; KINZINGER et al., 2011; KOAY et al., 2016; MANNI et al., 

2016; OLIVEIRA et al., 2020; SCHÜTZ et al., 2011) 

Until the moment, only one study evaluated the long-term effects of fixed 

functional appliances on the pharyngeal airway. (DROSEN et al., 2018) Some authors 

have researched long-term effects of treatment with removable functional appliances, 

but it is important noting that different functional appliances may result in different 

effects on the dentoalveolar and skeletal structures, as well in the upper airway. (HAN 

et al., 2014; HÄNGGI et al., 2008; JENA; SINGH; UTREJA, 2012; PHAN et al., 2006; 

ULUSOY et al., 2014)  

Three-dimensional imaging (3D) using cone-beam computed tomography 

(CBCT) to evaluate changes in airway dimensions is preferred to a lateral 

cephalometric radiograph, but this method has a long exposure time that can resulting 

blurring due to body movement, deglutition, and breathing which can affect the 

measurements considerably, and a high radiation exposure. (CHANG et al., 2013; 

GARIB et al., 2014; SILVA et al., 2008) Besides that, the literature shows a significant 

correlation between sagittal cephalometric measurements of the airway and 3D 

analysis with CBCT imaging and a high accuracy and reproducibility of airway 

measurements performed on lateral cephalometric radiographs. (FENG et al., 2015; 

KAUR; RAI; KAUR, 2014; MALKOC et al., 2005; VIZZOTTO et al., 2012) Thus, this 

method was used in our study. 
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For ethical reasons, it seems obvious the impossibility of long-term follow-up of 

untreated Class II individuals, and, besides that, most of the growth of airway structures 

finishes in early childhood and only a slight continuous increase of about 1 mm was 

detected between 6 and 17 years of age. (MISLIK et al., 2014) Our sample was on 

average 18 years old at the end of treatment; then, it was expected that there would 

be no increase in the upper airway dimensions from growth in the follow-up period.  

In our study, regarding the skeletal components changes in the posttreatment, 

the sample suffered an increase in mandibular protrusion, as previously reported for 

similar appliances, and a statistically significant improvement in the maxillomandibular 

relationship, as the literature has already shown. (CHEUNG et al., 2015; LANCIA 2018; 

FRANCHI et al., 2012; GAO; LI; BAY 2014; MORO et al., 2009; PANCHERZ; 

ANEHUS-PANCHERZ, 1994; TOMBLYN et al., 2016) There were no significant 

changes in the dentoalveolar variables between the three stages.  

Concerning the pharyngeal airway variables, during treatment, a significant 

increase was observed only in the lower airway space. This seems contradictory, as 

several studies that evaluated airway effects of Herbst appliance report an increase in 

the oropharyngeal region, but it corroborates with the study by Koay et al. that found 

that the greatest dimensional upper airway improvement with Herbst appliance was in 

the hypopharynx region. (GU et al., 2019; GUL AMUK et al., 2019; KOAY et al., 2016; 

MANNI et al., 2016; OLIVEIRA et al., 2020) Moreover, other studies reported an 

increase in the hypopharynx as a consequence of this treatment. (GUL AMUK et al., 

2019; IWASAKI et al., 2014; MANNI et al., 2016; MOURA 2020; SCHÜTZ et al., 2011). 

This may be due to some treatment effect, probably related to the forward shift of the 

mandible, plus the growth effect. (KOAY et al., 2016; MANNI et al., 2016) A recent 

study reported improvement only in the oropharynx, but they did not include the 

hypopharynx in their evaluation. (OLIVEIRA et al., 2020) In contrast, some authors 

concluded that the treatment of Class II malocclusion with the Herbst appliance does 

not improve significantly any linear dimension of the upper airway. (CELIKOGLU et al., 

2016; DROSEN et al., 2018; KANNAN; SATHYANARAYANA; PADMANABHAN, 

2017; KINZINGER et al., 2011) 

The hyoid bone is linked to tongue posture and function due to the associated 

muscles, and it influences their position, shape, and size. (SANTOS et al., 2009) In our 
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study, the hyoid bone was moved significantly forward in the treatment period, which 

corroborate with previous studies that studied functional appliances and that showed 

that the anterior displacement of the mandible by the functional appliances improve 

the horizontal position of the hyoid bone and, consequently, the position of the tongue, 

improving the upper airway. (GUL AMUK et al., 2019; JENA; SINGH; UTREJA, 2012; 

RIZK; KULBERSH; AL-QAWASMI, 2015; SAHOO et al., 2012; SCHÜTZ et al., 2011; 

ULUSOY et al., 2014) Also, the hyoid bone was moved in an inferior direction which is 

supporting by Zhou’s study, and Ulusoy’s study who showed a downward 

displacement of the hyoid bone after functional treatment, but do not corroborate with 

a previous study which declared that hyoid bone moved in a superior direction following 

functional mandibular advancement in the short-term, however, in the long-term, it 

moved downwards towards its original position as a compensatory action. (ZHOU; 

ZHAO; LU, 2000; ROBERTSON, 2000; ULUSOY et al., 2014) Gul Amuk et al., studying 

the Herbst appliance effects, found that the vertical position of hyoid bone did not 

exhibit a significant change with treatment. (GUL AMUK et al., 2019) 

In the long-term posttreatment period, only the horizontal position of hyoid bone 

changed significantly, moving forward, which is in agreement with the study by Ulusoy. 

(ULUSOY et al., 2014) All the other variables were stable in this period, corroborating 

with long-term follow-up studies with functional appliances. (HAN et al., 2014; 

HÄNGGI, 2008; ULUSOY et al., 2014)  

Because it is a retrospective study, we don't know if there was special instruction 

given to the patient about the tongue and head position in the lateral cephalogram 

records and body mass index (BMI) could not be included in a retrospective study 

design. Therefore, may be aimed at the long-term effects of fixed functional treatment 

on the pharyngeal airway with three-dimensional imaging and a more controlled 

sample to confirm our results. 
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4 CONCLUSIONS 

 

 

During treatment, the sample showed a significant change in the lower airway space, 

which may be related to the forward shift of the mandible, plus the growth effect. The hyoid 

bone was moved forward and downward as a treatment effect. Among all the variables 

studied, only the hyoid bone's horizontal position changed significantly in the long-term 

posttreatment period, moving forward. 
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