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INTRODUCTION 

The hyoid bone has a horse shoe shape that is 
located at the anterior middle of the neck between 
the thyroid cartilage and the chin. It is situated at the 
level of the third cervical vertebra posteriorly and 
the base of the mandible in the front. 1 The hyoid 

bone differs from other facial bones that it is not 
articulated with any other bone but it is attached to 
soft tissue via muscles and ligaments.2 The hyoid 
bone position is affected by different muscles as 
genioglossus, supra and infrahyoid muscles.1, 3 The 
head upright posture affects the balance between 
anterior and posterior muscle tensions of the neck 
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ABSTRACT

Objectives: The aim of this study was to assess the effect of anterior teeth retraction on hyoid 
bone position in orthodontically treated adults with bimaxillary protrusion.

Materials and Methods: The retrospective data of this study were collected from pre and 
post treatment lateral cephalograms of twenty Class I bimaxillary protrusive adult female patients 
with mean age 21.5 years that required extraction of four first premolars and they were treated by 
preadjusted appliances with maximum anchorage. Lateral cephalograms were traced and analyzed 
on different linear parameters as (H-SN, H-FH, H-NL, H-Me and H-C3) and angular parameters as 
(ANB, U1/FH, L1/MP, SNH and MPH). Pretreatment and post treatment parameters variables were 
statistically analyzed and compared using paired t-test.

Results: The mean change of linear measurements (H-SN, H-FH, H-NL, H-C3 and H-Me) 
pre and post treatment showed statistically significant difference. The mean change of angular 
measurements (SNH and MPH) pre and post treatment showed statistically significant difference 
and (U1/SN and L1/MP) mean change showed statistically high significant difference while ANB 
showed non significant difference.

Conclusion: In bimaxillary protrusive adult patients the hyoid bone position is affected by 
retraction of incisors with extraction of four premolars.
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such as masticatory infrahyoid and suprahyoid 
groups in relation to occipital condyles.4 Thus, the 
position of hyoid bone is an influence of the related 
tensions of the ligaments, fascia and muscles 
supported to it.5 

During sleep, phonation and deglutition, the 
pharyngeal airway is kept open via the hyoid bone. 
The position of tongue is maintained by hyoid bone 
and it also helps during the mandibular movement. 
Moreover, due to the complex connection between 
mandible, cervical spine and hyoid bone, it maintains 
the head posture.6

Many studies7, 8, 9 had been done to determine 
the hyoid bone position at different populations in 
various malocclusion classes. A study carried upon 
hyoid bone relationship with base of the skull and 
mandible reported that the hyoid bone position 
differed in relation to the anterior base of the 
cranium.  It was found that hyoid bone was placed 
backward in class II cases, while in class III cases it 
was placed forward. 10 Population variations in hyoid 
bone position exit due to geographical differences.11

Lower and upper incisors protrusive proclination,  
procumbent lips and a disharmonious profile are 
the main characteristics of bimaxillary protrusion 
condition.12 Such patients who have negative 
perception of protrusive dentitions and protruding 
lips often require orthodontic treatment to reduce  
excessive proclination and improve the profile.13 

In order to create room for retraction of anterior 
teeth, four premolars are often extracted, which 
changes tooth position and also hard and soft tissue 
components.14 The alteration of incisors inclination 
and soft tissue position could affect potentially the 
pharyngeal airway and tongue position.15

This retrospective study aimed to assess the 
hyoid bone position upon anterior teeth retraction 
with four first premolars extraction in bimaxillary 
protrusion adults.

MATERIALS AND METHODS

The proposed sample size in this study was 
20 which had a power of 80 percent to yield a 
result which is statistically significant. Sample 
size estimation based on a previous study.16 This 
comparative retrospective study was ethically 
approved from Research Ethics Committee of 
Faculty of Dental Medicine, Al Azhar University 
Girls Branch and it was carried upon lateral 
cephalograms pre and post treatment taken from 
files of previously treated twenty female patients 
at the outpatient clinic, orthodontic department 
and they were selected according to the following 
inclusion criteria:

·	 Skeletal Class I bimaxillary protrusion

·	 Extraction of four first premolars

·	 Age range from 19-24 years

·	 No or minimal crowding with well aligned 
arches.

·	 The dental history was free of previous 
orthopedic or orthodontic treatment. 

·	 The medical history of patients was free from 
chronic mouth breathing, tonsillectomy and 
adenoidectomy.     

·	 Orthodontically treated with preadjusted 
appliances (0.022 x 0.028 inch) 

·	 Maximum anchorage mechanics. 

At natural head position all Lateral cephalograms 
were taken from the same machine by the same 
operator. Cephalograms pre and posttreatment were 
traced and analyzed on different linear parameters 
as (H-SN, H-NL, H-FH, H-C3 and H-Me) and 
angular parameters as (ANB, U1/FH, L1/MP, SNH 
and MPH). Parameters were taken from previous 
articles.9, 17 The Cephalometric landmarks and 
measurements used for evaluation of hyoid bone 
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position are given in table (1). The cephalograms 
were digitally traced by a single researcher 
(Dolphin imaging software). Fig. 1 They were again 
reevaluated by the same examiner after a week for 
intraexaminer reliability and the arithmetical means 
of these readings were taken as the standard value 
for statistical evaluation and assessment. 

TABLE (1): The Cephalometric landmarks and 
measurements

H (hyoidale) The most anterior superior point on 
hyoid bone body.

C3 The most inferior and anterior point on the third 
cervical vertebrae.

SNH The angle from sella nasion plane to hyoidale. 
MPH The angle from mandibular plane (gonion- 

gnathion) to hyoidale.
H-SN A linear perpendicular distance from H to the S-N 

plane. 
H-NL A linear perpendicular distance from H to the nasal 

plane. 
H-FH A linear perpendicular distance from H to the 

Frankfort plane.
H-C3 Linear distance between C3 and H. 
H-Me Linear distance between the menton and hyoidale. 

RESULTS

IBM statistical package for social science 
(SPSS) was used for data analysis. The values of 

the arithmetic mean and standard deviation of 
linear and angular parameters were calculated using 
descriptive statistics. Paired t test was performed for 
comparison between different means of angular and 
linear parameters pretreatment versus posttreatment. 
The significance level was set at probability less 
than 5 % (P ≤0.05) 

The means of linear and angular measurements 
of the study pre and post treatment were tabulated 
in table (2) and represented in graph (1). The mean 
change of linear measurements (H-SN, H-NL, H-FH, 
H-Me and H-C3) showed a statistically significant 
difference (p value=0.019, 0.003,0.014, 0.003and 
0.027 respectively). There were a significant 
increase in means of (H-SN, H-FH, H-N, H-Me), 
while there was a significant decrease in mean of 
(H-C3). The mean change of angular measurements 
(MPH and SNH) showed statistically significant 
difference (p value=0.0001and 0.001 respectively). 
The mean change of angular measurements (U1/FH 
and L1/MP) showed statistically high significant 
difference (p value <0.0001) while (ANB) showed 
non significant difference. There was a significant 
increase in mean of (MPH) angle, while there were 
a significant decrease in means of (SNH, U1/SN and 
L1/MP) angles.

Fig. (1): Cephalometric analysis   (a) Pre-treatment     (b) Post- treatment
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DISCUSSION

Various studies7-9 have been reported to 
determine hyoid bone position cephalometriclly in 
various classes of malocclusions, while this  study 
aimed to investigate the influence of orthodontic 
retraction of anterior teeth with extraction of four 
first premolars in bimaxillary protrusion on hyoid 
bone position which had little literature  available.

This study had a retrospective nature and it 
was held on lateral cephalograms pre and post 
treatment of patients with Egyptian origin, such 
that racial and ethnic variation may influence the 
hyoid bone position. Previous study18 on hyoid 
bone regarding age changes, reported that during 
the period of growth although mandible and hyoid 
move away from each other and descend, the hyoid 
bone relative position does not change. In adult life 

TABLE (2): Means of linear and angular measurements pre and posttreatment:

Measurement Variable
Pretreatment
 Mean ± (SD)

Posttreatment 
 Mean ± ( SD)

Mean          
change

P value

Linear
 measurements

H-SN 85.30 ± 2.41 88.50 ± 5.32     3.2 0.019  *                     

H-FH 72.25 ± 3.5 74.75 ± 2.6 2.5 0.014  *                               

H-NL 48.6 ± 2.1 50.8 ± 2.3 2.2 0.003 *     

H-C3 33.5 ± 3.5 30.5 ± 4.7 3 0.027  *     

H-Me 40.75 ± 3.7 45.5 ±5.6 4.75 0.003  *                  

Angular 
measurements

U1/FH 123.7 ± 3.42 110.56 ± 2.45 13.14 < 0.0001***

L1/MP 103.5 ± 2.16 97.3 ± 3.12 6.2 < 0.0001***        

 ANB 4.15 ± 1.25 3.87 ±1.52 0.28 0.5 NS

 SNH 53 ± 2.8 49.75 ± 3.2 3.25 0.001  *

 MPH 12.75 ± 2.25 16.75 ± 3.25 4 0.0001 *

SD: Standard Deviation * p ≤  0.05: Significant

*** P< 0.0001: Very high significance     NS: non significance

Graph (1): The means of angular and linear measurements pre and post treatment
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the hyoid bone vertical position is more inferiorly 
compared to other anatomical structures for both 
sexes. While, the horizontal position of hyoid bone 
was stable. Thus in the present study the sample was 
selected in the adult stage in order to avoid any age 
changes in hyoid bone orientation related to growth.   

In class III patients due to the prognathic 
mandible the position of the hyoid bone is placed 
more inferiorly and anteriorly. The muscles of 
supra hyoid that  are attached to the tongue and the 
mandible placed the hyoid bone  more anteriorly 
according to the theory of functional matrix and 
thus the position of the bone is changed in relation 
to Class I patients. While the supra hyoid muscles 
contracture is lesser in Class II and the hence the 
hyoid is placed more superiorly and posteriorly. 
The hyoid bone correlation with various skeletal 
malocclusion can describe well the functional 
matrix theory role.9

Linear integrations had been used only in a 
previous study7 and the angular measurements had 
not been used, thus the position of the hyoid bone 
could not be visualized in all dimensions. While other 
studies used angular beside linear measurements in 
hyoid bone orientation.9, 17 At the present study both 
the angular and linear measurements were analyzed 
in order to evaluate the hyoid bone orientation 
before and after treatment.

A statistically significant decrease was reported 
at this study in the angle between upper central 
to the FH plane (U1/ FH) and lower central to 
mandibular plane (L1/MP). In General most of 
bimaxillary protrusive patients have good occlusion, 
thus orthodontic treatment was mainly done for 
improvement of facial esthetics and correction of 
the protrusive profile. Post treatment the anterior 
incisors were in the ideal inclination to satisfy the 
patient esthetical demands. These findings were in 
accordance with other studies, 16, 19 which showed a 
highly significant change in (U1/FH) and (L1/MP) 
after retraction of anteriors in bimaxillary patients.

In this study the hyoid bone anteroposterior 
movement was indicated by linear measurements 
(H-C3 and H-Me) which were analyzed in order 
to determine the relative horizontal linear change 
in position of hyoid bone post treatment, the mean 
change in distance of hyoid bone to cervical vertebrae 
(H-c3) and to mandible (H-Me) was calculated and 
statistically analyzed which showed a significant 
decrease in (H-C3) and a significant increase in 
(H-Me) after anterior teeth retraction with four first 
premolars extraction  in adults with  bimaxillary 
protrusion . These results were in agreement with 
other study which displayed significant decrease in 
(C3H) where p<o.o5.19 

A previous study17 reported that the hyoid bone 
position was located more anteriorly in bimaxillary 
incisor proclination patients than the group of 
normal incisor relationship. This shown a highly 
significant difference.

Whereas vertical movement of hyoid bone which 
is indicated by linear measurements, The means of 
(H-SN, H-FH, H-NL) were significantly increased 
in pre and post treatment which indicates an inferior 
position of hyoid bone after orthodontic retraction 
of anterior teeth in bimaxillary protrusion. The 
hyoid bone downward movement that is reported 
in this study is in accordance with other studies16, 19 
findings which reported inferior movement of hyoid 
bone after anterior teeth retraction in bimaxillary 
protrusion as an adaptation movement which 
keeps the pharyngeal airway space from tongue 
encroachment. 

The hyoid position is influenced by the related 
balance between the attached muscle bilaterally 
from the cranial base and the region of mandibular 
symphysis.18 The retraction of anterior teeth causes 
the oral cavity anterior boundary to move dorsally 
and reduces the arch length therefore as an adaptation 
to this change tongue muscle exert an influence 
on the hypopharynx and glossopharynx behind 
them. Before beginning of orthodontic treatment 
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and premolars extraction a careful thought of the 
health of airway is important because the backward 
movement of teeth in orthodontic treatment can 
reduce the oral space and also the pharyngeal 
volume can be restricted. 19

In the present study the mean of (MPH) angle 
showed an increase in significance which indicates 
the inferior movement of hyoid bone post treatment, 
while there were a significant decrease in means of 
(SNH) angle which indicates the backward displace-
ment of hyoid bone to its normal position posttreat-
ment and this finding is in accordance with a previ-
ous study17 which indicates that mobile hyoid bone 
was anteriorly positioned in bimaxillary incisor pro-
clination individuals than the normal relationship 
subjects and this may be due to tongue influence on 
hyoid bone which is displaced anteriorly in bimax-
illary incisor proclination. Prospective researches 
could be done later on using different modalities as 
cone beam computed tomography and cases follow 
up for long term could give additional results.

CONCLUSION

The hyoid bone moves in a downward and 
backward position upon orthodontic retraction of 
anterior teeth with extraction of four first premolars 
in bimaxillary protrusive adults.  
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