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Abstract

Background Adenotonsillar hypertrophy (ATH) is a major cause of pediatric obstructive sleep apnea (OSA),
potentially impacting craniofacial growth and development. Currently, whether children with ATH exhibit distinctive
hyoid bone position and upper airway morphology remains uncertain. This research aimed to compare the hyoid
bone position and upper airway morphology of children with and without ATH.

Methods A total of 199 children aged 6-8 years were recruited for the study, and their pre-treatment lateral
cephalograms were obtained. The size of the adenoids and tonsils on the lateral cephalogram was assessed based
on Fujioka’'s and Baroni's methods for classification into groups: adenoid hypertrophy only (AHO) group, tonsillar
hypertrophy only (THO) group, adenoid and tonsillar hypertrophy (AH+TH) group, and control group (CG). The
position of the hyoid bone and upper airway morphology was analyzed using Dolphin Image Software.

Results The distance between the hyoid bone and mentum was greater in the THO group compared to the AHO
group (P=0.005). Children in the AHO group exhibited a longer soft palate (SPL) compared to the THO group
(P=0.014), whereas the THO group displayed a reduced SPL in comparison to healthy controls (P=0.008). The THO
group showed a more inferior tongue position compared to children in the AHO group (P=0.004). Subjects in the
THO group exhibited significantly wider inferior airway space compared to healthy children (P<0.001).

Conclusions Adenotonsillar hypertrophy may be associated with hyoid bone position and upper airway morphology
in children seeking for orthodontic treatment. In children with enlarged tonsils, the hyoid bone was positioned farther
from the mentum than in those with enlarged adenoids. Conversely, children with enlarged adenoids had a longer
soft palate compared to those with enlarged tonsils.
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Background

Adenoids and tonsils are lymphoid tissues situated within
the pharynx, forming a principal part of Waldeyer’s ring
and play a crucial role in the local immune defense of
the oral and upper respiratory tracts [1]. The adenoids,
located on the posterior wall of the nasopharynx, are
typically larger in children but may regress during ado-
lescence [2]. The tonsils, positioned bilaterally within the
oropharynx, share a similar lymphoid composition and
function similarly in pathogen capture and processing
(3].

In addition to infectious causes, various non-infectious
factors, including allergies, can contribute to the hyper-
trophy of adenoids or tonsils, leading to obstruction in
the nasopharynx or oropharynx, respectively [4]. Adeno-
tonsillar hypertrophy (ATH) in children is a significant
medical concern that often leads to obstructive sleep
apnea (OSA), disturbed sleep patterns, and potential
alterations in craniofacial growth [5]. These conditions
may induce adaptive changes in the hyoid bone position
and upper airway morphology [6]. However, the extent to
which these changes are characteristic of ATH remains
unclear.

The hyoid bone, a mobile structure within the neck,
plays a vital role in maintaining upper airway patency and
is crucial for functions including respiration, swallowing,
and speech [7-9]. Investigating its position may provide
important insights into airway obstruction mechanisms.
In children with adenotonsillar hypertrophy (ATH), it is
unclear whether they display distinct variations in hyoid
bone position compared to healthy children or if they
develop compensatory anatomical changes to address
upper airway obstruction. These aspects remain underex-
plored in the existing literature.

While nasopharyngeal endoscopy is the common diag-
nostic methods for adenotonsillar hypertrophy, our study
employs lateral cephalogram—a commonly used diag-
nostic tool in orthodontic clinics. Lateral cephalogram
provides reliable accuracy for evaluating adenoids sizes
[10], which enable us to identify potential upper airway
risks that may have an impact on overall health, rather
than solely focusing on malocclusion.

This cross-sectional study aimed to delineate the dis-
tinct characteristics of the hyoid bone position and
upper airway morphology among children with and
without ATH. The patients were classified into four dis-
tinct groups: adenoid hypertrophy, tonsillar hypertro-
phy, adenoid-tonsil hypertrophy, and healthy controls.
This classification enables a detailed examination of how
obstructions at different airway points affect overall air-
way morphology and hyoid bone position. By focusing on
pre-adolescent children aged 6-8 years, the study mini-
mizes potential bias from physiological adenoid and ton-
sil atrophy that occurs in older individuals. The results
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will provide valuable insights for orthodontics, particu-
larly in the clinical and multidisciplinary management
of patients with ATH. The null hypothesis posits no sig-
nificant association between ATH and the position of the
hyoid bone or upper airway morphology.

Methods

Ethical approval

The study protocol was reviewed in accordance with the
principles outlined in the Helsinki Declaration [11]. This
study was conducted following the research guidelines
of Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) [12].The Ethics Com-
mittee of Stomatology Hospital of Wuhan University
approved this cross-sectional study (Approval number:
WDKQ2024-B45).

Sample description

Children admitted to the Orthodontics Department of
Stomatology Hospital of Wuhan University were con-
secutively recruited from June 2023 to December 2023.
The inclusion criteria were: (1) age range of 68 years; (2)
routine lateral cephalograms obtained before treatment.
Exclusion criteria included: (1) unclear lateral cepha-
lograms that hindered the accurate identification of the
anatomic position of the hyoid bone and morphological
characteristics of the upper airway; (2) history of severe
craniomaxillofacial trauma and orthodontic treatment;
(3) cleft lip and palate, syndromes, or systemic diseases;
(4) previous adenotonsillectomy; (5) acute inflammation
related to adenoids or tonsils. The patients’ lateral ceph-
alograms were acquired along with vital demographic
data, including gender, age, and health status.

Sample size calculation

The minimum sample size required for this study was
calculated using G*Power software (version 3.1.9.7). The
estimated effect size was based on the distance between
the hyoid bone and retrognathion among different
groups in previous studies (effect size=0.3501) [13]. The
test power (1-p) was set at 0.95, the significance level ()
was established at 0.05, and a total of four groups were
involved. Consequently, the minimum total sample size
needed for this study was determined to be 148.

Cephalometric analysis

All lateral cephalograms were taken using the same ceph-
alostat (OP200D Soredex, Instrumentarium, Finland),
with the patient positioned in a natural head posture and
maintaining the lips in a relaxed state. Prior to the pro-
cedure, the patients were instructed about the potential
impact of swallowing on the lateral cephalograms and
instructed to refrain from swallowing during the X-ray
procedure. Dolphin Image Software (version 11.95,
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Dolphin Imaging & Management Solutions, Chatsworth,
Calif.) was utilized as the tool for cephalometric mea-
surement. The cephalometric variables analyzed in our
study were determined by referring to previous studies
on hyoid bone position and upper airway morphology
[14-16]. The definition and schematic diagram of the
cephalometric landmarks and variables utilized in this
study are presented in Table 1 and Fig. 1.

Assessment of adenoid and tonsil sizes

The diagnoses of adenoid hypertrophy and tonsil hyper-
trophy were developed based on Fujioka’s and Baroni’s
methods, as well as the experience of our research team
[17-19]. Fujioka’s method, widely employed for assessing
adenoid hypertrophy, has been validated with 95% speci-
ficity and a 94% positive predictive value [20]. Similarly,
Baroni’s method for evaluating tonsillar hypertrophy
has shown strong overall accuracy (AUC: 0.90) [21]. The
reference points and lines used for adenoid and tonsil
measurements on the lateral cephalogram are depicted
in Fig. 2. The degree of adenoid or tonsillar obstruction
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in the pharyngeal airway space was calculated using the
formulas: (A/N)x100% and (Oa-To/Oa-Op)x100%. If
the resulting percentage exceeded 50%, this indicates
hypertrophy of the adenoids and/or tonsils. After mea-
suring the size of the adenoids and tonsils using lateral
cephalograms, patients were categorized into four groups
based on the extent of hypertrophy: adenoid hypertrophy
only (AHO), tonsillar hypertrophy only (THO), adenoid
and tonsillar hypertrophy (AH+TH), and control group
(CG). Representative lateral cephalograms for each group
are presented in Fig. 3.

Quality control and evaluation of the error

All cephalometric measurements were conducted by
a proficient orthodontist graduate student (Y.L.), who
received systematic training in the software prior to
commencing measurements. After the initial measure-
ments, 20 samples were randomly selected by the same
researcher for re-measurement after a one-month inter-
val. The Intraclass Correlation Coefficient (ICC) was
employed to assess the consistency of measurement

Table 1 Definition of hyoid bone position and upper airway morphology variables used in this study

Measurements Definition

Hyoid bone

position

Hy-C3 (mm) Distance between Hy point and C3 point: Indicates the position of the hyoid bone in relation to the cervical vertebra.
Hy-Me (mm) Distance between Hy point and Me point: Indicates the position of the hyoid bone in relation to the mentum.
Hy-RGn (mm) Distance between Hy point and RGn point: Indicates the position of the hyoid bone in relation to the mentum.
C3-RGn (mm) Distance between C3 point and RGn point: Indicates the position of the mentum in relation to the cervical vertebra.
Hy-S (mm) Distance between Hy point and S point: Indicates the position of the hyoid bone in relation to the cranial base.

Hy to SN (mm)
Hy to MP (mm)

Distance from Hy point to SN plane: Indicates the position of the hyoid bone in relation to the cranial base.
Distance from Hy point to mandibular plane (Go-Me): Indicates the vertical position of the hyoid bone.

Go-Hy-Me (°) Angle formed by the Go-Hy line and Hy-Me line: Indicates the vertical position of the hyoid bone.

Soft palate

SPL (mm) Length of soft palate: Quantified as the linear distance between the PNS point and U point.

SPT (mm) Thickness of soft palate: Refers to the maximum thickness of the soft palate measured along a line perpendicular to the PNS-U
line.

U-PTV (mm) Distance from U point to PTV line.

SPA () Soft palate angle: Formed by the ANS-PNS line and the PNS-U line, indicating the angular orientation of the soft palate.

Tongue

TGL (mm) Tongue length: Quantified as the linear distance between the V point and T point.

TGH (mm)

Td to PP (mm)

Tongue height: Refers to the maximum height measured along a perpendicular line to the V-T line at the dorsum of the tongue.
Minimum distance along perpendicular line from tongue dorsum (Td) to palatal plane (ANS-PNS): Indicates the spatial relation-

ship between the tongue dorsum and the palatal plane.

Distance from PNS point to the adenoid tissue surface: Measured along a line connecting the PNS point and Ba point.
Distance from PNS point to the adenoid tissue surface: Measured along a line perpendicular to the S-Ba plane.
Upper airway space: Quantified as the linear distance from the U point to the posterior pharyngeal wall along a line parallel to

Inferior airway space: Quantified as the linear distance between the posterior pharyngeal wall and the dorsum of the tongue,

T-PTV (mm) Distance from T point to PTV line.
Airway
PNS-AD1 (mm)
PNS-AD2 (mm)
UAS (mm)
the Go-B line.
IAS (mm)
measured along a line connecting the Go point and B point.
V-LPW (mm) Vertical distance from the V point to the posterior pharyngeal wall.
VAL (mm)

Vertical length of the airway: Quantified as the linear distance between the PNS point and the V point.
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PTV line

Fig. 1 Cephalometric landmarks, upper airway, soft palate and tongue parameters used in this study. Cephalometric landmarks. N: nasion; S:
sella; Pt: pterygoid; Ba: basion; PNS: posterior nasal spine; ANS: anterior nasal spine; Td: tongue dorsum; U: tip of uvula; T: tip of tongue; Go: gonion; B:
supramental; C3: most anterior and inferior point of the third cervical vertebra; V: vallecula epiglottica; Hy: most anterior and superior point on the body
of the hyoid bone; RGn: most protrusive point of retrognathion; Me: menton; PTV line: a line perpendicular to FH plane through the Pt point. Figure 1A.
Upper airway (1) PNS-AD2; (2) PNS-AD1; (3) UAS; (4) 1AS; (5) V-LPW; (6) VAL. Figure 1B. Soft palate (7) SPT; (8) SPL; (9) SPA; (10) U-PTV. Tongue 11.TGL; 12.

TGH; 13.T-PTV 14.1d-PP

results. The ICC value greater than 0.8 indicated excel-
lent consistency. If the ICC> 0.8, statistical analysis would
be performed on the initially measured data. Angular
and linear measurement errors were assessed using the
method of moments estimator (MME) formula [22].

Data analysis

Statistical analysis of the data was conducted using SPSS
software (version 21.0; IBM, Armonk, NY). Continu-
ous variables were presented as meanz*standard devia-
tion, while categorical variables were expressed as n
(%). The Shapiro-Wilk test was employed to assess the
normal distribution of the data. In cases where the data
met both normal distribution and homogeneity of vari-
ance assumptions, one-way ANOVA was utilized for
inter-group comparisons; otherwise, the Kruskal-Wallis
test was applied. Pairwise multiple comparisons were
conducted using the Bonferroni method. Sex distribu-
tion among different groups was assessed using the Chi-
square test. Significance was set at P<0.05.

Results

The demographic profiles of participants are summa-
rized in Table 2. After applying the previously mentioned
inclusion and exclusion criteria, a total of 199 children

were enrolled in this study. Among them, 44 (17 boys,
27 girls; mean age: 7.30+£0.80) had enlarged adenoids,
39 (18 boys, 21 girls; mean age: 7.38+0.63) had enlarged
tonsils, 78 (35 boys, 43 girls; mean age: 7.10+0.73) had
both enlarged adenoids and tonsils, and the remaining
38 children (18 boys, 20 girls; mean age: 7.00£0.74) were
classified as healthy controls. Statistical analysis using the
Chi-square test and Kruskal-Wallis test revealed no sig-
nificant differences in terms of age (P=0.061) and gender
distribution (P=0.854) among the different groups.

The measurement error ranged from 0.49° to 0.77° for
angular measurements and 0.65 to 0.89 mm for linear
measurements. The ICC values of the initial and subse-
quent measurements ranged from 0.87 to 0.96, indicat-
ing a high level of consistency. The initial measurements
were subjected to statistical analysis as agreed upon in
the methodology. The results of the one-way ANOVA
or Kruskal-Wallis test revealed significant differences
in hyoid bone position parameters, specifically Hy-Me
(P=0.007), Hy-RGn (P=0.005), and C3-RGn (P=0.004),
among the four groups. In contrast, no statistically sig-
nificant differences were found in the variables of Hy-C3
(P=0.448), Hy-S (P=0.511), Hy to SN (P=0.519), Hy to
MP (P=0.746), and Go-Hy-Me angle (P=0.806).
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Fig. 2 Cephalometric landmarks and reference lines for adenoid and tonsil measurement. Landmarks A’ the maximal convexity along inferior
margin of adenoid; PNS: posterior nasal spine; D: the line perpendicular to line 1 and passing through A’ point intersects line 1 at D point; To (Tonsillar
point): the nearest point on the posterior outline of tonsil shadow to the posterior wall of the oropharynx; Op (Oropharynx posterior): the line passing
through To point is perpendicular to TgO line and intersects the TgO line at Op point. Oa (Oropharynx anterior): the line perpendicular to the TgO pass-
ing through To point intersects the posterior outline of the tongue at Oa point. Reference lines line 1: the straight section of the anterior margin of the
basiocciput; A: the line segment connecting A" point and D point; N: the line segment connecting PNS point and D point; TgO (Tangent oropharynx):
tangent line to the posterior wall of the oropharynx

We investigated the differences in the soft pal-
ate, tongue, and sagittal width of the airway among
four groups to precisely characterize the morphologi-
cal attributes of the upper airway. For the soft palate,
the SPL (P<0.001) and U-PTV (P<0.001) parameters
revealed statistically significant differences, while SPT

(P=0.158) and SPA (P=0.069) did not. The tongue-
related parameters, specifically Td to PP (P=0.004) and
T-PTV (P<0.001), also revealed statistically significant
differences among the groups. Whereas, no significant
difference was observed in TGL (P=0.469) and TGH
(P=0.058). The sagittal airway width, specifically VAL
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Fig. 3 Adenotonsillar hypertrophy observed in lateral cephalogram. (A) adenoid hypertrophy only; (B) tonsillar hypertrophy only; (C) adenoid and
tonsillar hypertrophy; (D) No adenotonsillar hypertrophy

(P=0.142), showed no statistically significant difference,
while the remaining five airway parameters demonstrated
significant statistical disparities (P<0.001). The mean and
standard deviation of all cephalometric parameters, along
with the statistical analysis results for the four groups, are
presented in Table 2.

The parameters exhibiting statistically significant dif-
ferences were subjected to pairwise comparisons. The
P-values for pairwise comparisons are shown in Table 3.
Our findings indicated that children in the THO group

had larger Hy-Me, Hy-RGn, and C3-RGn values than the
AHO group, suggesting an increased distance between
the hyoid bone and the mentum, as well as between the
mentum and cervical vertebra. For the parameters related
to the soft palate, we observed that the AHO group had
a longer soft palate than the THO group, while children
in the THO group displayed a shorter soft palate length
compared to healthy controls. Additionally, the AHO
group had a greater distance between the tip of the soft
palate and the PTV line compared with the THO group.
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Table 2 Comparisons of demographics and cephalometric variables among different groups

AHO THO AH+TH CG P value

(n=44) (n=39) (n=78) (n=38)
Demographics
Age (years) 7.30+0.80 7.38+0.63 7.10+0.73 7.00+0.74 0.061°
Male sex, n (%) 17 (38.6) 18 (46.2) 35 (44.9) 18 (47.4) 0.854¢
Hyoid bone position
Hy-C3 (mm) 27.76£3.31 2851+£2.29 28.17+2.60 2755+£263 0.448°
Hy-Me (mm) 30.21£5.58 3400£5.34 31.32+£452 3200£5.12 0.007°
Hy-RGn (mm) 2436539 28.14+£4.85 2549+£452 26.21£493 0.005°
C3-RGn (mm) 50.96+6.51 55.68+6.36 5293+5.19 53.06+5.19 0.004°
Hy-S (mm) 83.29+6.27 83.76+6.29 84.77+£598 84.88+591 0.511°
Hy to SN (mm) 83.04x6.23 83.44+6.27 84.49+£596 84.55+£5.83 0.519°
Hy to MP (mm) 8.83+4.53 9.66+4.11 9.20£3.62 9.62£3.74 0.746°
Go-Hy-Me (°) 144.78 +16.98 14240+ 14.84 14380+ 13.44 142.00+13.89 0.806°
Soft palate
SPL (mm) 26.74+2.08 25024272 2533+267 26.90+247 <0.001°
SPT (mm) 701£1.17 750+1.23 7.32+0.99 742+1.16 0.158°
U-PTV (mm) 1817254 16.04+257 15.69+2.77 1725+2.96 <0.001°
SPA (°) 133.23+4.60 131.30+6.03 130.74+4.82 132.25+5.54 0.069°
Tongue
TGL (mm) 55.77 £4.66 57.01+£526 56.44+493 5531+6.10 0.469°
TGH (mm) 26.60£2.83 26.66+2.80 2754+267 26.13£2.79 0.058°
Td to PP (mm) 455241 6.03+£2.15 515+240 570+£2.68 0.004°
T-PTV (mm) 3421+£342 36.93£3.56 3649+3.56 3345£6.15 <0.001°
Upper airway
PNS-AD1 (mm) 17.62+293 20.33£2.10 15561273 20.11+2.09 <0.001°
PNS-AD2 (mm) 11.61£2.06 14.79+1.91 10.72+1.78 16.52+2.09 <0.001°
UAS (mm) 8.26+1.96 9.94+1.99 9.20+1.94 8.16+£2.36 <0.001°
IAS (mm) 8.03+2.22 10914233 1040+ 2.69 8.08£2.16 <0.001°
V-LPW (mm) 11.15£267 13.25+233 12.72+242 11.98+2.03 <0.001°
VAL (mm) 46.58+4.24 47.22+4.79 4792+4.49 48.75+4.28 0.142°
Note:

(1) AHO: adenoid hypertrophy only; THO: tonsillar hypertrophy only; AH+TH: adenoid and tonsillar hypertrophy group; CG: control group.

(2) Measurement data were presented as meantstandard deviation (mean+SD), while categorical data were expressed as n (%).

(3) 2 One-way ANOVA analysis; ® Kruskal-Wallis test; < chi-square test. The values highlighted in bold indicate statistical significance.

The Td-PP value was higher in the THO group than in
the AHO group, indicating that children with tonsillar
enlargement had a lower tongue position. Moreover, the
tip of the tongue in the THO and AH+TH groups was
found to be further away from the PTV line than in the
AHO group and healthy controls.

The sagittal airway parameters revealed that children in
the AHO group and AH+TH group had lower PNS-AD1
and PNS-AD2 values than the other two groups. Chil-
dren in the THO group had higher UAS values than the
AHO group and healthy subjects. Moreover, the THO
group and AH+TH group had significantly larger IAS
values than the AHO group and healthy controls. Lastly,
children in the AHO group had smaller V-LPW param-
eters than those in the THO group and AH+TH group.

Discussion

Lateral cephalogram serves as a valuable orthodon-
tic diagnostic tool, providing a convenient and effective
means of identifying and assessing adenotonsillar hyper-
trophy [21, 23]. This imaging technique offers a lateral
X-ray view of the head and neck, enabling orthodontists
to visualize the adenoids, tonsils, and their anatomical
relationship with the pharyngeal space [10, 24, 25]. Based
on the findings from our cephalometry study compar-
ing children with adenotonsillar hypertrophy, tonsillar
hypertrophy, adenoid hypertrophy, and healthy controls,
we observed several distinct outcomes regarding the
hyoid bone position and upper airway morphology.

Hyoid bone position

After pairwise comparison, we did not observe statis-
tically significant differences in hyoid bone position
between the hypertrophic and control groups, suggesting
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Table 3 P values of pairwise comparisons of cephalometric variables among different groups

AHO vs. THO AHO vs. AHO vs. THO vs. THO vs. AH+TH vs.
AH+TH CcG AH+TH cG CG

Hyoid bone position
Hy-Me (mm) 0.005 1.000 0.667 0.045 0.501 1.000
Hy-RGn (mm) 0.003 1.000 0.524 0.036 0.497 1.000
C3-RGn (mm) 0.001 0419 0.600 0.094 0.282 1.000
Soft palate
SPL (mm) 0.014 0.020 1.000 1.000 0.008 0.012
U-PTV (mm) 0.003 <0.001 0.790 1.000 0311 0.025
Tongue
Td to PP (mm) 0.004 1.000 0.103 0.069 1.000 1.000
T-PTV (mm) 0.001 0.004 1.000 1.000 0.008 0.046
Upper airway
PNS-AD1 (mm) <0.001 0.003 0.002 <0.001 1.000 <0.001
PNS-AD2 (mm) <0.001 0.092 <0.001 <0.001 0.001 <0.001
UAS (mm) 0.001 0.089 1.000 0.398 0.001 0.062
IAS (mm) <0.001 <0.001 1.000 1.000 <0.001 <0.001
V-LPW (mm) 0.001 0.004 0.704 1.000 0.126 0.728
Note:

(1) AHO: adenoid hypertrophy only; THO: tonsillar hypertrophy only; AH+TH: adenoid and tonsillar hypertrophy group; CG: control group.

(2) Bonferroni method was employed for post-hoc pairwise comparisons.
(3) The values highlighted in bold indicate statistical significance.

that adenotonsillar hypertrophy may not affect the hyoid
position when compared to healthy children. Whereas,
significant differences were noted within the hypertro-
phic group, indicating that the location of hypertrophy
could influence the hyoid position. Children in the THO
group had significantly higher Hy-Me and Hy-RGn val-
ues than children in the AHO group, suggesting a greater
distance between the hyoid bone and the mandibular
mentum in individuals with tonsillar hypertrophy. We
postulated that the hypertrophy of the tonsils caused
airway obstruction in the oropharynx. To maintain an
unobstructed airway, children may exhibit compensa-
tory mandibular protrusion to widen the oropharyngeal
passage. The higher C3-RGn values observed in children
with tonsillar hypertrophy may support this conjecture.
In contrast, in children with adenoid hypertrophy, com-
pensatory open-mouth breathing due to nasopharyn-
geal obstruction leads to clockwise rotation of the jaw,
thereby causing the mentum being closer to the hyoid
bone. This could explain the difference in hyoid bone
position between the two groups.

The findings from several studies investigating the
impact of adenotonsillar hypertrophy on hyoid bone
position remain inconclusive. Baik et al. found that the
hyoid bone was lower and further away from the cervi-
cal spine in children with enlarged tonsils compared to
healthy children [26]. They suggested that the downward
displacement of the hyoid bone could result from airway
obstruction and represents a compensatory response.
However, Kawashima et al. found that tonsillar hyper-
trophy did not exert a significant impact on hyoid bone

position in pediatric patients [27], which is similar to our
findings. Mohamed et al. also found no significant impact
of tonsil hypertrophy on the sagittal position of the hyoid
bone; but their study showed that children with adeno-
tonsillar hypertrophy exhibited an elevated hyoid posi-
tion [6]. The variations may be attributed to differences
in imaging techniques and methodologies employed for
diagnosing adenotonsillar hypertrophy. Currently, there
are numerous debates regarding the impact of adenoton-
sillar hypertrophy on hyoid bone position, highlighting
the need for future high-quality normative studies to elu-
cidate their correlation.

Upper airway morphology

Adenotonsillar hypertrophy can result in various struc-
tural and functional alterations within the upper airway,
with significant implications for breathing, particularly
during sleep, and may contribute to the development of
OSA and other respiratory or sleep disorders [28]. In this
section, we present an overview of how adenotonsillar
hypertrophy affects upper airway morphology.

Our findings suggest that children in the AHO group
exhibit greater elongation of the soft palate compared
to those with tonsillar hypertrophy. This observation
may result from reduced nasal airflow and compensa-
tory mouth breathing in children with adenoid hyper-
trophy [29]. A study on fluid dynamics has demonstrated
that airflow velocity during oral breathing is significantly
higher than during nasal breathing, leading to a more
chaotic and unstable airflow pattern [30]. We hypoth-
esize that this accelerated and unsteady airflow may
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contribute to the relative elongation of the soft palate.
Similarly, we discovered that the tip of the soft palate in
the AHO group was further distanced from the PTV line,
which partially reflects the outcome of an elongated soft
palate. Additionally, the soft palate length was shorter in
the THO group than in healthy controls. Hypertrophic
tonsils can obstruct the oropharyngeal airway [18, 31,
32], and this obstruction may cause compensatory naso-
pharyngeal airflow, leading to soft palate shortening to
maintain the nasopharyngeal airway. Nevertheless, previ-
ous studies have found that children with enlarged ton-
sils have a longer soft palate than healthy children, which
contradicts our findings [27]. The variation in results may
be due to heterogeneity in diagnostic methods and differ-
ences in sample sources.

It was observed that children in the THO group exhib-
ited a lower tongue position compared to children with
adenoid hypertrophy. Furthermore, the tip of the tongue
in the THO group and AH+TH group was positioned
further away from the PTV line. For children with
enlarged tonsils who exhibit a lower tongue position, a
potential explanation is that the location of the tonsils
can directly cause physical obstruction in the orophar-
ynx, causing children to involuntarily adjust their tongue
position to improve respiratory passage smoothness. Lan
et al. suggested that children may require tongue protru-
sion to alleviate airway blockage [33]. Consequently, due
to the anterior extension of the tongue body, the tip of
the tongue in children with enlarged tonsils is located
further from the PTV line.

This study revealed numerous statistically significant
variations in sagittal airway width among children with
adenotonsillar hypertrophy. Firstly, the values of PNS-
AD1 and PNS-AD2 were reduced in the AHO group
and AH+TH group. This finding can be attributed to the
significant space occupied by the adenoids in the naso-
pharyngeal airway, leading to a narrowing of the soft tis-
sue airway width. These results suggest that PNS-AD1
and PNS-AD2 may serve as indicators for assessing the
extent of airway obstruction caused by adenoids. Sec-
ondly, children with enlarged tonsils exhibited signifi-
cantly higher UAS values compared to those in the AHO
group and healthy subjects, indicating a broader pharyn-
geal airway space behind the soft palate in children with
tonsillar hypertrophy. Solow et al. illustrated that upper
airway stability is maintained through a complex inter-
play of morphological, positional, and physiological fac-
tors [34]. Therefore, we speculate that the upper airway
may undergo functional remodeling in response to tonsil
hypertrophy to maintain stable airflow. This adaptation
may be reflected in morphological alterations in the air-
way posterior to the soft palate. Additionally, children
with enlarged tonsils exhibited significantly higher IAS
values compared to those with normal tonsils, indicating
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an increase in inferior airway space among these chil-
dren. This finding aligns with previous speculation sug-
gesting that children with tonsillar hypertrophy may
exhibit compensatory mandibular protrusion to facili-
tate oropharyngeal passage dilation and maintain airway
patency. Finally, we observed that the V-LPW values of
the AHO group were the smallest among the four groups,
representing a narrower airway width behind the epiglot-
tis in children with adenoid hypertrophy. This phenom-
enon may be due to mouth breathing caused by adenoid
hypertrophy, counterclockwise rotation of the mandible,
and laryngeal airway constriction.

By conducting a comprehensive analysis of the airway
using lateral cephalogram, orthodontists can identify
upper airway abnormalities that may not be immediately
apparent through clinical examination alone. Our study
has revealed significant differences in airway morphology
between children with adenotonsillar hypertrophy (ATH)
and healthy controls. These findings underscore the sig-
nificance of integrating airway analysis into orthodontic
treatment plans, enabling the identification of potential
causes of malocclusion and “airway threats” that impact
children’s overall well-being. Airway analysis in children
seeking for orthodontic treatment can assist orthodon-
tists in the early detection of at-risk pediatric patients,
facilitating timely referral to otolaryngology for OSA risk
assessment and contributing to tailored diagnostic and
therapeutic approaches.

Strengths and limitations
The findings of this study are significant for understand-
ing the relationship between adenotonsillar hypertrophy,
hyoid bone position, and upper airway morphology. The
observed changes in hyoid bone position and upper air-
way morphology suggest that adenotonsillar hypertrophy
may lead to alterations in the anatomical structure of soft
and hard tissues, potentially contributing to obstructive
sleep apnea and sleep-related breathing disorders [35].
Notably, orthodontic treatment has been found to signifi-
cantly improve upper airway morphology and hyoid bone
position [36], underscoring the importance of consider-
ing these factors in orthodontic treatment. Our study
supports the concept that adenotonsillar hypertrophy in
children is associated with distinct alterations in hyoid
bone position and upper airway morphology. These find-
ings emphasize the importance of early identification and
management of adenotonsillar hypertrophy to prevent or
alleviate obstructive sleep apnea and its consequences.
The limitations of our study must be acknowledged.
The cross-sectional design of the study limits the ability
to establish causal relationships. Longitudinal studies are
needed to determine whether the observed morphologi-
cal changes directly result from adenotonsillar hypertro-
phy or if they precede its development. Furthermore,
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the diagnosis of adenoid and tonsil hypertrophy in our
study primarily relied on lateral cephalogram. It is impor-
tant to note that the findings may not be applicable if
alternative criteria are employed for diagnosing adeno-
tonsillar hypertrophy. Previous studies have reported
the impact of different skeletal patterns on hyoid bone
position [37, 38], highlighting the need to appropriately
expand the sample size for further subgroup analysis.
Future research should encompass longitudinal designs
and larger sample sizes, investigating the reversibility
of the observed changes following adenotonsillectomy
and exploring potential correlations between these ana-
tomical changes and improvements in clinical symptoms.
Moreover, further investigation is warranted regarding
the effects of orthodontic or orthopedic interventions on
hyoid bone position and upper airway morphology.

Conclusions

Given the limitations of this study and the available data,
we have identified that children aged 6-8 years seeking
for orthodontic treatment are likely to exhibit the follow-
ing hyoid bone position and upper airway morphological
characteristics:

(1) The relative position of the hyoid bone to the
mentum increases in children with tonsillar
hypertrophy compared to those with adenoid
hypertrophy. However, the presence of enlarged
adenoids or tonsils does not seem to induce
alterations in the position of the hyoid bone when
compared to healthy children.

(2) The length of the soft palate in children with
enlarged adenoids is greater than in children with
enlarged tonsils.

(3) Children with enlarged tonsils exhibit a lower tongue
position and forward tongue protrusion.

(4) Children with tonsillar hypertrophy and
adenotonsillar hypertrophy show a wider lower
airway space. In contrast, children with adenoid
hypertrophy have a narrower airway width behind
the epiglottis.

The limitations in study methods and sample sources
should be considered when interpreting these findings,
as they may not be universally applicable to all children.
Further research is needed to validate the generalizability
of the results presented in this study within the broader
pediatric population.
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Abbreviations

ATH Adenotonsillar hypertrophy

OSA Obstructive sleep apnea

AHO Adenoid hypertrophy only

THO Tonsillar hypertrophy only

AH+TH  Adenoid and tonsillar hypertrophy
CG Control group

SPL Length of the soft palate

ICC Intraclass correlation coefficient
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