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Abstract 

Background: This retrospective study investigated the effect of breathing pattern, skeletal class (Class I, Class II), and 
age on the hyoid bone position (HBP) in normodivergent subjects.

Methods: A total of 126 subjects (61 males, 65 females) aged 7–9 years and 10–12 years were scanned using cone-
beam computed tomography (CBCT). All participants were classified according to the anteroposterior skeletal pattern 
into (Class I, Class II). Each skeletal group was further divided according to the breathing mode into mouth breathers 
(MB) and nasal breathers (NB). The HBP was measured accordingly. Independent sample t-test and Mann Whitney U 
test were used to detect significant differences between the groups, and binary logistic regression was used to iden-
tify MB predictive indicators.

Results: The breathing mode and skeletal class affected the vertical HBP in subjects with 7–9 years, while they 
affected the anteroposterior HBP in subjects with 10–12 years. Regarding the age effect, hyoid bone was located 
more anteriorly in the older NB subjects, and hyoid bone was more inferiorly in the older age group. A regression 
equation of the significant variables was formulated, C3-Me (P: 001, OR: 2.27), and H-EB (P: 0.046, OR: 1.16) were posi-
tively correlated with occurrence of MB.

Conclusion: There were significantly different HBPs among subjects with different anteroposterior skeletal classes, 
breathing modes, and age cohorts. Moreover, C3-Me, and H-EB were significant predictors and correlated with 
increased likelihood of being MB subject.
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Background
The respiratory function has been linked to craniofacial 
development and occlusion. Poor nasal respiratory func-
tion is related to low airway capacity, which might lead to 

mouth breathing [1].
Multiple etiologies have been associated with mouth 

breathing: adenoid hypertrophy is considered the most 
common cause of mouth breathing in children [2]; 
other etiologies include tonsillar hypertrophy, nasal 
septum deviation, hypertrophied turbinate, and aller-
gic rhinitis [3]. According functional matrix theory, 
in which he stated that development of the Moss who 
proposed nasal resistance caused by adenoid or skel-
etal tissues is guided by the soft tissues, therefore [4] 
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of the craniofacial structures tonsillar hypertrohy are 
thought to affect the development.

Mouth breathing was considered a predisposing fac-
tor of obstructive sleep apnea syndrome [5]. A pre-
vious study [6] posited that a brachyfacial vertical 
skeletal pattern with a lower position of hyoid bone 
was a characteristic feature of OSAS patients.

Hyoid bone was described as a floating bone since it 
has no articulation with any other bone. It is linked to 
the pharynx, cranium, and mandible by muscles and 
ligaments, forming the oropharyngeal complex. It has 
three primary functions: deglutition, phonation, and 
breathing [7].

Many factors are related to HBP, changes in the posi-
tion of the mandible whether skeletally, surgically, or 
after orthodontic treatment might result in a change 
in HBP and pharyngeal airway volume [8–11]. Because 
of the tight relationship between hyoid bone and phar-
yngeal airway, a better knowledge of the impact of 
the breathing pattern, skeletal class, and age on HBP 
would improve orthodontic diagnosis and treatment 
planning.

CBCT offered more precise information than lateral 
cephalogram (LC) [12]. Most previous studies used LC 
to determine HBP, and few of them used CBCT [13–
18]. However, the effect of breathing mode on HBP 
using CBCT has never been studied previously. Hence, 
this study evaluated HBP in normodivergent children 
aged 7–12  years old with skeletal Class I and Class II 
and different breathing modes.

Methods
Ethical approval
This retrospective study was approved by the Ethics 
Review Committee  of Xi’an Jiaotong University with 
protocol number Xjkqll [2018] No.17.

Sample size calculation
Sample size was calculated using a formula proposed by 
Pandis [19] with power = 80%, level of significance = 0.05, 
to detect a difference of 4.44  mm in H–V distance 
between MB and NB and standard deviation = 4.2  mm 
[13]. We found that 14 subjects on each subgroup would 
be sufficient.

CBCT process
Each patient was requested to sit straight and main-
tain maximal intercuspation of their jaws; their lips and 
tongue were assured to be in a resting condition. The 
Frankfort horizontal plane of the patients was main-
tained parallel to the ground, and patients were advised 
to breathe adequately via their nose, without swallow-
ing or moving their head or tongue. All pictures were 
taken using (i-Cat, Imaging Sciences International, Hat-
field, PA, USA) cone beam machine at 120  kV, 5  mA, 
14 × 17  cm FOV, 0.4  mm voxel, and scan time of 8.9  s. 
After that, the CBCT pictures were stored as DICOM 
(digital imaging and communications in medicine) files.

Subjects
In this study, 126 CBCT scans were collected from 61 
males and 65 females. Eligible CBCT scans were obtained 
as a diagnostic record of children aged 7–12  years who 
first attended the Department of Orthodontics at Xi’an 
Jiaotong University from 2017 to 2021. Furthermore, 
prior to CBCT scanning, all patients’ parents provided 
informed and written consent. CBCT scans with non-
obvious hyoid bone and landmarks were excluded from 
the study, regarding the medical history, patients who 
had previously undergone orthodontic treatment, had 
enlarged tongue, or any syndromes in the head and neck 
area were also excluded from the study. The sample dis-
tribution of this study is illustrated in Fig. 1.

Fig. 1 Sample distribution and grouping
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To identify the skeletal classes: ANB° from the cepha-
lometric analysis of Steiner was used. Class I patients 
(1 ≤ ANB° ≤ 4.9), Class II patients (ANB° ≥ 5). All the 
patients were normodivergent growers (27 < FMA° < 37) 
[20], with (18.5 < BMI < 24) [8].

Breathing pattern diagnostic criteria
Respiratory function was assessed by a multidisciplinary 
approach  consisting of an expert orthodontist and an 
otolaryngologist. The orthodontist initially took a history 
from the children’s parents about their children’s sleeping 
habits, such as sleeping with their mouth open, drooling 
in pillow, and snoring,  then performed a clinical exami-
nation of the children’s habitual lip posture, nostril size 
and shape, and the Glatzel mirror test to identify mouth 
breathers [21].

Furthermore, all subjects were checked by an oto-
laryngologist, who confirmed the mouth breathers. 
A full examination by an otolaryngologist comprised 
a nasopharyngeal x-ray, rhinoscopy, and flexible 

nasopharyngoscopy. Mouth breathers were diagnosed 
based on the existence of nasopharyngeal airway obstruc-
tion caused by adenoid or tonsillar hypertrophy [22].

CBCT orientation and measurements
The DICOM files were imported into Dolphin Imaging 
software (version 11.7) (Dolphin Imaging & Management 
Solutions®, Chatsworth, CA, USA). All measurements 
were taken by a single investigator who was unaware of 
the participants’ demographics. CBCT images were ori-
ented, the axial plane was aligned with the Frankfort 
plane (FHP), and the midsagittal plane was aligned with 
the patient’s midline, which is described as a vertical 
plane running across Nasion point (N), and the coronal 
plane was adjusted to be perpendicular to the axial plane 
and passing through Porion point (Fig. 2).

Hyoid bone measurements include eight linear meas-
urements: H-Me, H-EB, C3-H, C3-Me, H-C3-Me, 
H-PNS, H–H, and H-V [14] (Table 1), (Fig. 3).

Fig. 2 Adjustment of orientation planes

Table 1 Explanation of the landmarks and measurements

H, the most superior point of hyoid bone; Me, Menton; EB, epiglottis base; C3, the most supero-anterior point of the 3rd cervical vertebrae; PNS, posterior nasal spine; 
S, Sella

Measurement Definition Interpretation

H-Me The distance between hyoid bone and Menton point Hyoid bone position in relation to the mandible

H-EB The distance between hyoid boneand Epiglottis point Hyoid bone position in relation to the epiglottis

C3-H The distance between the 3rd cervical vertebrae and hyoid bone Hyoid bone position in relation to the 3rd cervical vertebrae

C3-Me The distance between the 3rd cervical vertebrae and Menton 
point

This line forms the hyoid bone triangle combined with H-Me line, 
and C3-H line

H-C3Me The perpendicular line from hyoid bone to the line connecting 
the 3rd cervical vertebrae and Menton point

The vertical height of the hyoid bone triangle. A positive value 
indicated a downward direction of the hyoid triangle, and a nega-
tive value indicated an upward direction of the hyoid triangle

H-PNS The distance between hyoid bone and PNS point Hyoid bone position in relation to the maxilla

H–H The perpendicular distance running from hyoid bone to a vertical 
line extending from the Sella point

Horizontal position of hyoid bone

H-V The perpendicular distance running from hyoid bone to a hori-
zontal line extending from the Sella point

Vertical position of hyoid bone



Page 4 of 12Mohamed et al. BMC Oral Health          (2022) 22:228 

Statistical analysis
All measurements were analyzed with SPSS software 
(version 25.0, Chicago, Ill).

Shapiro–Wilk test was used to check the normality of 
variables. Among the total CBCT images, 30 images were 
randomly selected; Two investigators repeated all the 
measurements two weeks after the first measurement. 
The intra-investigator and inter-investigator errors were 
assessed by intraclass correlation coefficient. And Dahl-
berg’s formula (

√

∑

D2

2N
 ) was used to calculate the meas-

urements error [23].
Independent sample t-test and Mann–Whitney U test 

were used for multiple comparisons between the groups, 
and logistic regression was used to identify MB predic-
tive indicators; a P < 0.05 was considered significant.

Results
The concordance index was ranged between 0.92 and 
0.99 for the intra-investigator, and from 0.86 to 0.96 for 
the inter-investigator in the ICC test revealing high intra 
and inter-examiner reliability. Furthermore, the measure-
ments errors ranged between 0.73 and 1.2  mm, so the 
errors were considered negligible.

After performing the Shapiro–Wilk test, some varia-
bles revealed non-normal distribution, so Mann Whitney 
U test was used for the non-normally distributed varia-
bles (H-EB, C3-H, C3-Me, H–H, H-V), and Independent 
sample t-test was performed for the normally distributed 
variables (H-Me, H-C3Me, H-PNS) to identify differ-
ences between the groups.

In the current study, the groups showed no significant 
difference in the demographic variables (Table 2).

Class I and Class II patients with the same age group 
and breathing mode were compared. In 7–9 years group, 
there was significance related to the vertical param-
eters of hyoid bone between anteroposterior skeletal 
groups (H-C3Me, P = 0.0001; H-PNS, P = 0.0003; H-V, 
P = 0.002), indicating downward HBP in the Class I 
MB compared to class II MB. In contrast, Class I NB 
appeared with an upward HBP in relation to Class II NB 
group (H-V, P = 0.00007). For 10–12 years group signifi-
cance was accompanied with the horizontal parameters 
of hyoid bone; class II patients had a backward HBP in 
both breathing patterns with weak significance for MB 
group (C3-H, P = 0.045 for MB, and C3H, P = 0.001 for 
NB) (Table 3).

In 7–9 years group, Class I MB presented with a down-
ward HBP compared to their matched NB participants 
(H-C3Me, P = 0.006; H-PNS, P = 0.010; H-V, P = 0.0001). 
While class II MB patients were characterized by 
an upward HBP compared to their NB counterparts 
(H-C3Me, P = 0.007; H-PNS, P = 0.006; H-V, P = 0.007) 
(Table 4).

For the 10–12  years group, Class I MB compared to 
the control NB group displayed a backward HBP in rela-
tion to S point and the 3rd cervical vertebrae (C3-H, 
P = 0.002; H–H, P = 0.036). Class II MB group showed a 
backward HBP in relation to the 3rd cervical vertebrae 
(C3-H, P = 0.011). No significant difference between MB 
and NB was detected regarding the vertical HBP for this 
age group (Table 4).

On the other hand, the effect of age on the HBP was 
considerably detected. After controlling the effect of 
the antero-posterior skeletal Class and breathing mode, 
hyoid bone vertical distance (H-V) was significantly 
increased in 10–12  years group than 7–9  years group 
in all skeletal classes and breathing mode categories 
(Table 5).

Additionally, Class I MB group showed significantly 
increased C3-Me distance in 10–12  years group com-
pared to 7–9  years group (P = 0.017). While Class I NB 
group had significantly increased H-EB, C3-H, and 
C3-Me distances (P = 0.007, 0.00008, 0.003), respectively. 
Class II MB showed significantly increased differences in 
10–12  years group in H-C3Me (P = 0.001) and H-PNS 
(P = 0.0001). While Class II NB showed significance in 
H-EB, and H-PNS (P = 0.026, 0.007) (Table 5).

The regression equation was formulated as Y = 0.11 
− 0.769 * X1 + 0.151 * X2 − 0.969 * X3 + 0.823 * X4 − 0.0
64 * X7 (Y: Breathing pattern Nasal breathing or Mouth 
breathing; X1: H-Me; X2: H-EB; X3: C3-H; X4: C3-Me; 
X7: H–H). According to the equation, C3-H was the 
most influencing factor, followed by C3-Me, H-Me, H–H, 

Fig. 3 Hyoid bone landmarks and measurements
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and H-EB (P value: 0.0001, 0.001, 0.001, 0.046, and 0.020 
respectively); considering that the negative β value indi-
cated decreased likelihood of falling into MB group, 
while the positive β value indicated increased likelihood 
of falling into MB group. (Table 6).

Discussion
Our findings asserted that there were differences in HBP 
between MB and NB children, in addition antero-poste-
rior skeletal Class (Class I and Class II), and age affected 
HBP.

Different methodologies had been used to evaluate the 
HBP; Lateral cephalometric was more predominant for 
determination of HBP [5, 24, 25]. As reported previously, 
the CBCT scan obtained before orthodontic diagnosis 
and treatment planning can help in gaining a clear clini-
cal judgement of hyoid bone position and its surround-
ing structures [14]. Numerous CBCT studies [17, 18] 
had evaluated HBP in nasal breathing subjects. The cur-
rent study used CBCT to evaluate the effect of different 
breathing patterns on HBP.

All CBCT images were taken when only CBCT was 
expected to add additional information which would aid 
in orthodontic diagnosis and treatment planning. The 
authors’ institution follows the ALARA principle “as low 
as reasonably achievable” [26] ensuring not to expose the 
patients to unnecessary ionizing radiation.

We believe that recognition of mouth breathing 
patients should be conducted through a multidiscipli-
nary approach by orthodontists and otolaryngologists 
as recommended by Costa et  al. [3] Previous literature 
relied on visual and clinical examination only to diagnose 
mouth breathing, which in fact could lead to improper 
mouth breathing recognition protocol [27]. This might 

clarify the different findings and contradictions between 
various researchers.

Few studies relied on otolaryngologists’ diagnosis of 
mouth breathing [22, 28]. However, previous literature 
found that orthodontists can accurately diagnose nasal 
breathing and advised collaboration between orthodon-
tists and otolaryngologists regarding mouth breathing 
diagnosis [3]. Lymphoid tissue develops fast after birth, 
reaches its peak size in childhood,  begins to regress 
around the age of 8–10 years, and usually entirely dimin-
ishes around 12–14 years [29]. Hence, in our study: the 
history taking and clinical tests were used as preliminary 
screening tests for detection of mouth breathing, and the 
otolaryngologists confirmed the diagnosis, cooperation 
between the two disciplines led to a better diagnosis and 
treatment planning [3].

It has been documented that the HBP could be influ-
enced by the anteroposterior sagittal skeletal patterns [9], 
vertical skeletal patterns [30], and age [31]. In our study, 
patients with similar age cohorts and skeletal patterns 
were compared to detect the differences in HBP between 
MB and NB, given that all of our participants were nor-
mal vertical growers.

Chung et al. [32] compared mouth breathing and nasal 
breathing children, concluded that mouth breathing 
patients had elevated HBP compared to the nasal breath-
ing children, although they didn’t classify their partici-
pants into different antero-posterior sagittal classes, but 
they found that most of mouth breathing participants 
had a tendency toward having Class II malocclusion, 
this concurred with our finding that Class II MB chil-
dren aged 7–9 years exhibited an upward HBP compared 
to Class II NB with similar age group. Furthermore, this 
finding was also corroborated by Chaves et al. [33] who 

Table 6 Binary logistic regression analysis

***p < 0.001, **p < 0.01, *p < 0.05

β SE P value Odds ratio 95% CI for odds ratio

Lower Upper

H-Me − 0.769 0.24 0.001** 0.463 0.287 0.734

H-EB 0.151 0.076 0.046* 1.163 1.003 1.343

C3-H − 0.969 0.245 0.0001*** 0.379 0.233 0.607

C3-Me 0.823 0.244 0.001** 2.278 1.42 3.697

H-C3Me 0.016 0.088 0.851 1.017 0.863 1.207

H-PNS 0.054 0.082 0.509 1.056 0.898 1.238

H–H − 0.064 0.028 0.020* 0.938 0.888 0.989

H-V − 0.01 0.054 0.849 0.99 0.895 1.078

Skeletal class 0.023 0.428 0.958 1.023 0.192 2.325

Age group 0.147 0.578 0.8 1.158 0.385 3.597

Constant 0.11 5.324 0.983 1.117
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emphasized that asthmatic patients with mouth breath-
ing had an elevated HBP in relation to the mandible and 
 3rd cervical vertebrae.

However, Cuccia et  al. [24] and Behlfelt et  al. [34] 
claimed that mouth breathing children showed extended 
head posture as well as a lower HBP. Our study found 
that in 7–9 years group, MB children with skeletal Class 
I displayed a lower HBP than their matched NB group. 
A recent study by Vuong and Kang [16] found a posi-
tive correlation between the superior HBP and the con-
stricted airway. Furthermore, skeletal class II pattern and 
mouth breathing habit have been stated to predispose to 
a constricted airway [22, 35]. This could explain our find-
ing that MB patients with Class II pattern exhibited more 
superior HBP than Class I MB patients.

Behlfelt et  al. [34] suspected that the lower HBP in 
mouth breathers was attributed to lower position of the 
tongue and to allow for more airway patency as the airway 
volume might be decreased in the mouth breathers [29], 
whereas, Chaves et  al. [33] suggested that the upward 
HBP is a compensatory mechanism; as mouth breathing 
is accompanied with clockwise rotation of the mandible, 
which might release the tension applied by suprahyoid 
muscle to hyoid bone, thus led to an inferior HBP and 
constricted pharynx as well, then mouth breathers tended 
to extend their heads to allow for more airway patency, 
this posture exaggerated the tension applied by suprahy-
oid muscle, which consequently pulled hyoid bone to a 
superior position. Moreover, in our study, we also used 
Sella point to determine HBP as it is a more stable refer-
ence point than cervical vertebrae and mandible [32].

According to Janicka and Halczy-Kowalik [36] who 
assessed the different HBP in mouth and nasal breath-
ers, their sample ranged between 9 and 35 years old; they 
presumed that mouth breathers had a backward HBP 
described by the parameter (C3-H). This finding was con-
sistent with our findings in 10–12  years group, in which 
MB in both skeletal classes demonstrated a backward 
HBP. However, this finding is contradicted with other find-
ings expressed by Juliano et al. [5], who assumed an ante-
rior HBP for mouth breathers which is attributed to their 
head extension to enhance breathing capacity. However, it 
is worthy to note that previously mentioned studies used 
varied study designs and methodologies to evaluate HBP.

In the current study, hyoid bone descent in the older age 
group. Pae et  al. [6] conducted a longitudinal study and 
described the early descent of hyoid bone as a physiologi-
cal phenomenon related to speech development, while 
late descent is associated with increased resistance of air-
way with aging which usually seen on OSAS patients.

Mouth breathing habit was reported to cause altera-
tion in the normal growth of the craniofacial complex 

and could be a risk factor for developing OSAS [5]. 
Our regression model was capable of predicting mouth 
breathers based on hyoid bone measurements with 76.2% 
overall accuracy. Moreover, C3-Me and H-EB were found 
to be significant predictors, for each one-unit increase in 
the previously mentioned predictors the odds of being 
mouth breather increase by 2.27 and 1.16, respectively. 
Increased values of these parameters speculate that MB 
subjects had extended head posture and hyoid bone 
modifies its position to enhance breathing capacity [34].

Previous studies have shown an association between 
HBP and the severity of OSAS. Chang and Shiao [37] 
reported that the distance from the hyoid bone to 
the mandibular plane (MP-H) was positively corre-
lated to the Apnea Hypopnea Index (AHI), and sub-
jects with longer MP-H distance suffered from more 
daytime sleepiness. A recent review by Haskell et  al. 
[38] discussed the favorability of AHI response to 
oral appliances. Treatment favorability was linked to 
the anatomical position and angulation of hyoid bone 
beside maxillofacial and pharyngeal parameters. More-
over, several studies reported hyoid bone positional 
changes after orthodontic treatment with functional 
appliances [39, 40]. Such findings highlight the need 
of gaining a better knowledge of HBP to permit early 
intervention and a better prognosis.

Our study demonstrated in-depth grouping for age 
and anteroposterior skeletal classes to detect the dif-
ferences in HBP between NB and MB, but one limi-
tation is we didn’t include Class III patients and we 
didn’t consider gender differences due to the lack of 
samples; another limitation is our cross-sectional ret-
rospective study is not capable to assess the causal-
ity principle; the differences between NB and MB 
were detected on one-time point, However, this study 
adopted a cross-sectional design because of the ethical 
concerns associated with possibility of increased radia-
tion doses accompanying longitudinal studies; also we 
didn’t include subjects less than 7  years old or older 
than 12 years old, and this study only included Chinese 
participants.

Conclusion

1. The current study found that individuals with differ-
ent anteroposterior skeletal classes, breathing mode, 
and age showed significantly different HBPs.

2. C3- Me and H-EB were significant predictors and 
positively correlated with increased probability of 
impaired breathing function.
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