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SUMMARY

Objective. To identify the impact of the hyoid bone position on the pharyngeal airway 
characteristics among different facial skeletal patterns.

Materials and Methods. The orthodontic patients from the patients’ data base of the Lithu-
anian University of Health Sciences base were examined. On each cephalogram 5 linear, 3 
angular skeletal and 6 linear soft tissue landmarks were traced and measured using AudaxCeph 
program. The radiographs were divided into the three groups according to the ANB angle: 
control group, with skeletal class I (ANB angle 1-5°), study group 1 with skeletal Class II 
(ANB angle >5°), study group 2 with skeletal Class III (ANB angle <1°). All measurements 
and relations between dento-facial complex anatomical structures were statistically evaluated 
using IBM SPSS Statistics software.

Results. 261 patients (156 females, 105 males, aged between 7 and 35 years) were selected. 
The skeletal class II group consisted of 114, class III group – 59  and class I – 88 patients‘ 
cephalograms. Hyoid bone distance both to cervical third vertebrae and mandibular symphysis, 
maxilla and mandibular length, inferior airways space signifi cantly differed between the Angle 
classes. Inferior airway space had a signifi cantly positive correlation with all measurements, 
associated with hyoid bone. 

Conclusion. Inferior airway space was signifi cantly narrower and the hyoid bone localiza-
tion was in more posterior superior position in the skeletal class II in comparison with other 
both groups. Decrease of the hyoid bone distance to the third cervical vertebrae, mandibular 
symphysis and mandibular plane led to the narrower inferior airways space.
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INTRODUCTION

Airways play an important role in the develop-
ment of the dento-facial complex. The evaluation 
of the airways and their relation to the mandibular 
position and size is important in the orthodontic 
diagnosis because it could be linked to obstructive 
respiratory disorders, especially to the obstructive 
sleep apnea syndrome (OSAS). OSAS affects ap-
proximately 10% of all children and up to 20% of 
adults (1, 2). OSAS present recurrent events of the 
upper airway obstruction during sleep associated 
with clinical signs and symptoms. According to the 

American Association of Sleep Medicine, OSAS 
diagnosis requires the occurrence of at least five 
episodes of apnea hypopnea per hour of sleep com-
bined with clinical symptoms, the most important 
of which are loud snoring and excessive daytime 
sleepiness. The apnea event is considered when the 
airflow is interrupted during sleep for a period of 
10 seconds or more, and hypopnea when there is 
a reduction of at least 50 percent of the breathing 
capacity combined with the saturation decrease of 
the oxyhemoglobin in at least 3 percent (3). It has 
been shown that Obstructive Sleep Apnea patients 
have aberrated skeletal and soft tissue patterns that 
reduce airway space, short mandibular body length 
and backward/downward rotation (4). Also, the 
position of the mandible is often retruded in rela-
tion to the cranial base, and this can cause narrow-
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ing of the airway 
and  changes  in 
the soft palate pa-
rameter (5). These 
f i n d i n g s  s h o w 
that  pharyngeal 
obstruction may 
be related to the 
changes in man-
dibular morphol-
ogy.  Decreased 
space between the 
cervical column 
and the mandibu-
lar body may lead 
to a posterior po-
sition of the soft 
pala te ,  increas-
ing the chances 
of  the impaired 
respiration func-
tion during the day 
and possibly so 
causing Obstruc-
tive Sleep Apnea 
Syndrome. Stud-
ies  have shown 
that  changes  in 
hyoid bone posi-
tion tend to be re-
lated to changes in 
mandibular posi-
tion (6-8). It was 
reported that  in 
Class II subjects 
with a narrower 
upper airways the hyoid bone is positioned more 
posteriorly and it was shown that hyoid bone in 
Class III subjects lay more anteriorly. The effect 
of the change of the mandible in anteroposterior 
position on hyoid bone position and the pharyngeal 
airway space is well reported (9). This knowledge 
is definitive to the indication of the mandibular 
advancement, whether orthopedic or surgical, for 
treatment of these disorders. However, there is 
no consensus if the dimension of the pharyngeal 
airway and the position of the hyoid bone in the 
different skeletal patterns are interrelated. There 
are only few studies regarding the position of the 
pharyngeal airway and the hyoid bone to differ-
ent skeletal patterns using the ANB angle. The 
present study aims to evaluate the pharyngeal air-
way dimension and hyoid bone position, soft and 
skeletal tissues dimensions with the use of lateral 

Fig 1. Cephalometric linear measurements used in cephalometric analysis: P1-P2 – width of soft 
palate, PNS-P – length of soft palate, PNS-Eb – vertical airway space, Go-B – traced to parallelize 
upper, middle and lower airway spaces measurements, Pc-R1 – upper airway space, P-R2– middle 
airway space, GoB1-R3 – lower airway space, ANS-PNS – length of maxilla, Co-Gn – length of 
mandible, C3-H – position of the hyoid bone to the third cervical vertebrae, H-RGN– position 
of the hyoid bone to the mandibular symphysis, HGo-Me – position of the hyoid bone to the 
mandibular plane.

cephalograms in subjects having Angle I, II and III 
skeletal abnormalities.

MATERIAL AND METHODS

This research project was approved by the 
Lithuanian University of Health Sciences Ethics 
Committee (process number BECOF-47). The 
orthodontic patients aged between 7 and 35 years 
were retrospectively obtained and examined from 
the patients’ data base of the Lithuanian Univer-
sity of Health Sciences. The inclusion criteria 
were the following: no history of orthodontic or 
dento-facial orthopaedic treatment; no genetic syn-
dromes; good quality digital lateral cephalometric 
radiographs done with the Care Stream CS 9000 
using a standardized technique. Cephalometric 
radiographs were taken with the jaws in the cen-
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tral occlusion,competitive lips and the head in the 
natural position. The patients were asked not to 
move while the radiographs were being exposed. An 
evaluation of the cephalograms was performed by 
two different researchers using AudaxCeph program 
(error of measures 0.01 mm, 0.01°). 21 anatomical 
landmarks were marked (Table 1), 9 linear (Figure 
1) and 4 angular (Figure 2) craniofacial measure-
ments in each cephalogram were done. The study 
sample was divided into three groups accordingto 
the ANB angle: control group with skeletal Class I 
(ANB angle 1–5°), study group 1 with skeletal Class 
II (ANB angle >5°), study group 2 with skeletal 
Class III (ANB angle <1°) 

 
Statistical analysis
The Statistical Package for Social Sciences 

program (SPSS 22.0, Chicago III, USA) was used 
for the data analysis. Statistical significance of dif-
ference in proportion was tested by Chi- square test.  
Mean (M) and standard deviation (SD) were used to 

describe quantita-
tive characteristics 
of the research. 
Every quantitative 
characteristic set 
was tested for nor-
mality with Kol-
mogorov-Smirnov 
test. Analysis of 
variance ANOVA 
was used to com-
pare quantitative 
variables of more 
than two samples 
(Bonferroni Post 
Hoc). Statistical 
test ing between 
the groups for dif-
ferences of quan-
titative data was 
performed using 
Student’s t  test. 
For the data that 
w e r e  n o t  n o r -
mally distributed, 
Kruskal l -Wall is 
and Mann-Whit-
ney U test was ap-
plied. Pearson’s 
corre la t ion was 
also used in order 
to identify the cor-
relation between 

all radiographic measurements. Selected level of 
significance p<0.05. The interauthor agreement of 
the measurements was analyzed using Pearson cor-
relation coefficient. The power of analysis was 0.8.

RESULTS

261 out of 3200 orthodontic patients with a 
mean age (SD) 14 (4.1) were analyzed. Patients‘ 
gender didn‘t differ statistically signifi cant among 
the groups, while male were older (14.7 (4.9)) than 
female (13.5 (3.4)), p=0.112. The skeletal class II 
group consisted of 114 patients‘ cephalograms. The 
skeletal class III group – 59 cephalograms, whereas 
the control group consisted of 88 rentgenograms of 
patients with Class I malocclusion (Table 2).  

6 measured parameters were signifi cantly dif-
ferent between the groups. The longest distance 
from hyoid bone to the cervical third vertebrae 
was in Class III and the shortest was in Class II 
(p<0.05). The longest distance from the hyoid bone 

Fig 2. Cephalometric angular measurements used in cephalometric analysis: ANB- maxilla and 
mandible relation angle, SNB- mandible position referred to cranial base, Ar-Go-Me –gonial angle, 
S-Ar-Go – articular angle.
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to the mandibular symphysis was in Class III and 
the shortest was in Class II (p<0.05). The longest 
maxilla was in Class II and the shortest was in Class 
III (p<0.05). The longest mandible was in Class III 
and the shortest was in Class II (p<0.05). All these 
differences were statistically signifi cant among the 
groups. 

No significant difference was found between 
the groups in superior, middle airway space and 
vertical airway length (p>0.05). Inferior airway 
space showed a tendency to decrease in Angle II. 
The widest inferior airways space was in Class III 
and the narrowest was in Class II (p<0.05) (Table 
3).

Superior airways space 
showed weak positive correla-
tion only with middle airway 
space (r=0.378, p=0.000). If 
the superior airway space in-
creased, the middle airway 
space would increase as well. 

M i d d l e  a i r w a y  s p a c e 
showed a positive moderate 
correlation with inferior air-
ways space (r=0.435, p=0,000), 
positive weak correlation with 
mandible (r=0.327, p=0.000) 
and maxilla lengths (r=0.218, 
p=0,000), distance between 
hyoid bone and cervical third 
vertebrae (r=0.265, p=0.000), 
distance between hyoid bone 
and mandibular symphysis 
(r=0.323, p=0.000). The in-
crease in the inferior airway 
space, mandible and maxilla 
length, distance between hyoid 
bone and mandibular sym-
physis was associated with the 
increase of the middle airway 
space.

Infer ior  a i rway space 
showed positive weak cor-
relation associated with all 
hyoid bone measurements: 
the distance from hyoid bone 
to the third cervical verte-
brae (r=0.192, p=0.002), dis-
tance from the hyoid bone 
to the mandibular symphysis 
(r=0.286, p=0.000), perpendic-
ular distance from hyoid bone 
to mandibular plane (r=0.199, 
p=0.001). With the increase of 

these hyoid bone measurements, the inferior airway 
space increased proportionally.

Vertical airway length positively moderately 
correlated with the mandible length (r=0.437, 
p=0.000), distance between the hyoid bone and 
the third cervical vertebrae (r=0.400, p=0.000), 
distance between the hyoid bone and the mandibu-
lar symphysis (r=0.430, p=0.000) and positively 
weakly with the maxilla length (r=0.298, p=0.000), 
soft palate length (r=0.343, p=0.000) and thickness 
(r=0.209, p=0.001). Vertical airway length showed 
positive strong correlation with perpendicular 
distance from the hyoid bone to the mandibular 
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Table 1. Defi nition of skeletal, pharyngeal and soft tissue landmarks, used in cephalometric 
analysis

Landmark Defi nition
S the center of the hypophyseal fossa
N the junction of the nasal and frontal bones
A the most concave point on the curvature from the maxillary ante-

rior nasal spine to the crest of the maxillary alveolar process
B most concave point on the anterior mandibular surface
ANS the most anterior point on the maxilla at the nasal base
PNS the tip of the posterior nasal spine of the palatal bone, at the junc-

tion of the soft and hard palate
Gn the most outward and everted point on the profi le curvature of the 

symphysis of the mandible, located midway between Pogonion 
and Menton

P the most inferior point of the soft palate
Pc the middle of the soft palate
P1 the most posterior point of the soft palate posterior wall
P2 the most anterior point of thesoft palate anterior wall 
Go midway between the most inferior posterior point of the right and 

left angles of the mandible, which was on the intersection of the 
mandibular plane and ramus of mandibular

Me the lowest point on the symphysis of the mandible
Co the most superior posterior point of the mandibular condylar
RGN The posterior point of the mandibular symphysis
C3 the most anterior inferior point of the body of the third cervical 

vertebra
H the most superior anterior point of hyoid bone
Ar the junction between inferior surface of the cranial base and the 

posterior border of the ascending ramus of the mandible
Eb the basis of epiglottis
GoB1 the point on a Go-B line, which indicated the anterior wall of the 

inferior pharyngeal airway space
R1 the point of the posterior pharyngeal airway wall (PPAW), which 

was marked parallel to Go-B on a line, going through Pc
R2 the point of PPAW, which was marked  parallel to Go-B on a line, 

going through P
R3 the point of PPAW, marked directly on Go-B line

Table 2. Subjects’ distribution among sex and Angle classes

Subjects Angle I Angle II Angle III
Female 156 (59.8%) 51 (32.7%) 71 (45.5%) 34 (21.8%)
Male 105 (40.2%) 37 (35.2) 43 (41.0%) 25 (23.8%)
Total 261 88 114 59
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plane (r=0.625, p=0.000). With the increase of the 
mandible, maxilla length, soft palate length, thick-
ness, distance between the hyoid bone and the third 
cervical vertebrae, distance between the hyoid bone 

and the mandibular symphysis and perpendicular 
distance from the hyoid bone to the mandibular 
plane increased, vertical airway length increased 
as well (Table 4).

DISCUSSION

Cephalometric analysis is 
an important tool in the ortho-
dontic diagnosis and treatment. 
Since radiograph was discov-
ered in 1895 by Wilhelm Con-
rad Roentgen, it’s being widely 
used for diagnosis in various 
medical fields. It has given the 
orthodontist an ability to see 
beneath soft tissue. Pharyngeal 
airway dimensionsare an area 
of interest of many authors. 
Many articles exploring the 
relationship between naso-
pharyngeal airway and crani-
ofacial growth were published 
since. More often radiological 
examinations in orthodontics 
are done not only for the diag-
nosing patient`s malocclusion, 
but are also used to evaluate 
soft tissue and skeletal char-
acteristics of the patients with 
such disorders as OSAS (10, 
11). In order to prevent OSAS, 
it seems reasonable to create 
the same skeletal characteris-
tics for all orthodontic patients. 
It is necessary to comprehend 
that the position and move-
ments of craniofacial bones 
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Table 3. Hard and soft tissue cephalometric dimensions in different skeletal patterns

Variable Angle 
class

Mean Std. 
Deviation

Minimum Maximum P value 
between 
groups

SNB  I 78.3 3.9 67.4 88.2 0.000
II 76.2 3.7 62.2 84.4
III 80.5 4.7 68.2 96.8

P-PNS I 30.8 4.0 19.2 40.2 0.909
II 30.9 3.7 20.6 42.4
III 30.6 4.2 20.4 44.5

C3-H I 32.3 4.8 21.6 45.6 0.001
II 30.7 3.6 23.6 43.6
III 33.1 5.0 22.4 46.8

H-RGN I 34.6 6.2 18.4 48.1 0.001
II 33.4 5.9 20.3 48.1
III 37.0 6.2 23.2 53.4

HMeGo I 15.0 4.4 5.3 28.3 0.378
II 16.0 6.2 4.4 33.8
III 16.1 6.8 3.5 36.5

P1-P2 I 8.1 1.5 5.0 12.7 0.332
II 8.2 1.2 4.9 11.2
III 8.5 1.9 4.8 14.5

S-Ar-Go I 138.4 9.1 115.8 156.5 0.357
II 137.1 9.3 114.0 157.0
III 136.3 8.6 115.0 156.0

ANS-PNS I 49.3 5.0 36.0 65.0 0.005
II 50.0 4.0 40.0 61.3
III 47.4 5.2 32.0 58.4

Ar-Go-Me I 129.3 6.0 115.0 148.2 0.223
II 129.3 6.3 112.7 146.8
III 131.0 6.1 112.3 141.0

Co-Gn I 109.5 9.8 70.2 129.6 0.000
II 107.0 7.3 87.0 136.0
III 113.0 9.2 88.3 136.0

Table 4. Airway space measurements among different skeletal patterns

Variable Angle 
class

Mean Std. Devia-
tion

Minimum Maximum P value 
between 
groups

Angle 
class 
(I&II)

Angle 
class 
(I&III)

Angle 
class 
(II&III)

Supe-
rior airway 
space Pc-R1

I 12.7 3.1 2.6 20,6 0.071
II 13.7 3.0 6.2 23,1
III 13.4 2.9 7.1 20,2

Middle air-
way spase 
P-R2

I 10.6 2.8 4.4 17.7 0.087
II 10.0 2.3 4.2 17.9
III 11.0 2.9 4.0 17.0

Inferior air-
way space 
GoB1-R3

I 11.9 3.0 5.4 19.0 0.041 0.027 0.979 0.052
II 11.0 3.2 4.5 19.2
III 12.0 3.4 6.0 21.2

Vertical air-
way space 
PNS-Eb

IIIIII 58.660.060.2 8.28.48.8 21.119.841.0 80.079.582.8 0.548
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and soft tissues make an impact on the airways 
measurements which are essential in obstruction 
development. The purpose of this study was to 
evaluate possible connections between hard and 
soft tissue dimensions in the craniofacial anatomy, 
which could be useful in the clinical practice pre-
dicting pathological changes in the morphology of 
anatomical structures in the growing patient. One 
of the main point of this investigation was the re-
lation between the distal position of the mandible, 
position of the hyoid bone and the lower pharyngeal 
airway space. In this study, a statistically significant 
connection between distal position of the mandible 
and narrow lower air pharyngeal space was found, 
which was in agreement with that reported by El-
ham (12). Alhmet stated, that patients with OSAS 
have no changes in the position of the teeth and the 
only middle air pharyngeal space was significantly 
different among OSAS and healthy patients. In the 
recent study both middle and inferior airway vol-
ume were lower in the patients, with retrognathic 
mandible, but only changes in the inferior airway 
space volume was considered to be statistically 
meaningful. The differences in these findings could 
be due different ages of study groups used in stud-
ies (13). The treatment of OSAS is based on the 
severity of the disease. According to the American 
Academy of Pediatricians adenotonsillectomy 
should be the first line treatment for children with 
OSAS to consider. Despite the high postoperative 
success and improvements of respiratory function 
in majority of clinical cases, 20 to 30% patients 
may exhibit residual symptoms. The postoperative 
symptoms of OSAS may occur during the pubertal 
growth or after it, when dento-facial development 
reached 90% of its final growth.  It was reported 
that due to the insufficient success of adenotosil-
lectomy in ceasing OSAS symptoms, the individual 
patient craniofacial morphology and other factors 
should be analyzed and auxiliary/additional treat-
ment should be applied to manage OSAS, where 
by mean of surgery absolute treatment could not 
be accomplished (14).

Mandible retrognathism could be treated con-
servatively by using Forsus, Herbst or other appli-
ances. Mandible retrognathic position treatment with 
Forsus appliance in children aged 10-17 showed sig-
nifi cant increase in the upper and lower pharyngeal 
airways volume, using a three-dimensional cone-
beam computed tomography to assess (15). It was 
reported that after 12-month treatment with Herbst 
appliance, both the length of the mandible and the 
posteror airway space increased and the hyoid bone 
moved to a more anterior position by 2mm. All those 

recorded cephalometric changes improved patients’ 
respiration and eliminated symptoms, indicating 
OSAS: mouth breathing and persistent snoring, 
which were primarily reported by parents and then 
verifi ed by means of clinical and polysomnographic 
evaluations (16). Ulusoyet al. also reported that 
functional appliance treatment of adolescents with 
mandibular defi ciency led to increase of the naso-
pharyngeal and oropharyngeal dimensions and it 
was being stable throughout the 29.75 ± 5.17 months 
followed retention period (17). It was also reported 
that Class II correction with twin block ceased the 
symptoms of OSA and results remained stable for 
a long period of time (18). Contrary to above dis-
cussed fi ndings, Carvalho in his review stated, that 
there is not enough evidences to prove the fact that 
oral and functional orthopaedic appliances are effec-
tive in obstructive sleep apnea treatment in children 
and adeno-tonsillectomy remained the most common 
treatment of OSAS in children (19).

Distally positioned mandible could be man-
aged by orthognathic surgery. Long-term studies 
revealed, that mandibular surgery didn’t achieve 
stable increase of the airway volume. Contrary, after 
12-year follow-up of the surgery, it was noticed, that 
both upper and middle pharyngeal airway spaces 
were narrower than preoperatively, whereas lower 
airway space decreased to the same volume, as 
before surgery (20).

Hyoid bone position is an area of interest be-
cause it plays an important role in maintaining the 
upper airway dimensions (21). In this study, the 
hyoid bone position varied among the different 
Angle skeletal classes. In Class II subjects, hyoid 
bone was located in an upward and backward posi-
tion, whereas in Class III subjects it was located 
in downward and forward position. These fi ndings 
were in agreement with those reported by others (22-
24). The more mandible was positioned distally, the 
more hyoid bone was localized posteriorly and pos-
sibly narrowed the lower pharyngeal airway space. 
Maxilla length was signifi cantly larger whereas 
mandibular length tended to be shorter in class II pa-
tients than in other groups, which matched with the 
fi ndings of Ahmet’s study. However, authors have 
also stated that patients with OSA have no changes 
in the position of teeth and only middle airpharyn-
geal space was signifi cantly different among OSA 
and healthy patients (10). In this study, both middle 
and inferior dimensions were signifi cantly different 
in patients, with retrognathic mandible.

It is very important to notice and recognize 
Angle II malocclusion in the early childhood, to 
observe the child and to explain the parents that se-
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CONCLUSIONS

1. Inferior airway space was signifi cantly nar-
rower in Angle II compared to Angle l and III.

2. Decrease of the hyoid bone distance to 
the third cervical vertebrae, mandibular 
symphysis and mandibular plane led to the 
narrower inferior airway space.

3. Angle II skeletal pattern showed signifi -
cantly shorter mandible and longer maxilla.

4. Mandibular posterior position in the relation 
to the cranial base, expressed in SNB angle, 
infl uenced the position the hyoid bone. The 
decrease of SNB angle, matched with the 
reduction of the distance between the hyoid 
bone and the mandibular plane.
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