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[Abstract] Adenoid hypertrophy is one of the most common causes of upper airway obstruction in children, often
presenting with nasal congestion as the initial symptom and accompanied by a series of related manifestations. Due to
impaired nasal ventilation, affected children are forced into compensatory mouth breathing. This altered breathing pat-
tern modifies the upper airway fluid environment, leading to abnormal changes in airflow velocity, pressure distribution,
and flow patterns. Prolonged mouth breathing disrupts the dynamic equilibrium of perioral musculature, thereby interfer-
ing with normal maxillofacial growth and development and contributing to the occurrence of malocclusion. Upper airway
fluid mechanics, developed through the integration of computational fluid dynamics (CFD) technology and medical imag-
ing, serves as a quantitative analytical tool capable of precisely characterizing airflow velocity, pressure distribution,

and flow patterns within anatomically complex structures such as the nasal cavity and pharynx. By leveraging multidi-
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mensional fluid mechanical parameters, this approach can accurately depict the flow field characteristics of the upper
airway in patients with adenoid hypertrophy, clearly illustrating the relationship between airway anatomy and ventilatory
function, and providing objective quantitative evidence for disease assessment. In clinical practice, CFD enables the
evaluation of how different interventions improve airway ventilation, allowing scientific prediction and objective assess-
ment of therapeutic outcomes. Nevertheless, several critical challenges remain, including the lack of standardized proto-
cols for upper airway modeling and boundary condition definition, insufficient understanding of the dynamic relation-
ship between fluid mechanical parameters and the progression of malocclusion severity, and the predominance of cross-
sectional study designs with limited longitudinal data on pre- and post-intervention flow field changes, which restricts
the translation of simulation results into actionable clinical indicators. In the future, with the establishment of standard-
ized simulation workflows and the conduct of large-scale prospective cohort studies, upper airway fluid mechanics is ex-
pected to integrate with artificial intelligence and multimodal imaging technologies to develop intelligent decision-

support systems, thereby advancing the scientific rigor and personalization of diagnosis and treatment for adenoid hyper-

trophy and associated malocclusion.
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Figure 1  Adenoid hypertrophy-related malocclusion and its changes in airflow dynamics

BB AR A S R I S S 3 g 24 e

LA 3 27 AR Sy e B b AL 1 B2 1 T 4
BrEE AL A A ARE = G LAT R A5G
CFD A i Al = P U S 5 i U 58 25 A% 0
ZH, W AR IS RS B A A T 2 1 5 )
A

1 JfE 1E W 27 55 CFD 4 28 SRS BIF 5, o i B
PRHE A 5C 55 B8 W 1 By 3 4L 18 R B 5 8 7
o AT RIZ GRS, 7T 3 — 5 B B R A 4K
FE -3 A Ty 2 KL - B R IR 10 o BRAIL I , $2 7
1E W Il PR A2 97 RS HE BE 5 i PR ALRE , S & S 3L
B EAEIE RS DRE - 0 S WA P R g — ,
JUZE 1R e K B O f R R A R
[ Author contributions ] Tang X collected the references and wrote
the article. Xiao LW conceptualized and revised the article. All authors
read and approved the final manuscript as submitted.

[ Ethics statement] The authors have nothing to report.

[Funding] This study was supported by the grants from Natural Sci-
ence Foundation of Hunan Province (No. 2022JJ30855). The funder had
no role in the study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

[ Competing interests] All authors have completed the ICMJE uni-
form disclosure form at www.icmje. org/disclosure—of—interest/ and de-
clare: support from Natural Science Foundation of Hunan Province (No.
2022JJ30855); no financial relationships with any organisation that
might have an interest in the submitted work in the previous three
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

[ Data availability statement] Data sharing is not applicable to this

article as no datasets were generated or analyzed during the current

study.
[ Generative AI statement] The authors declared that generative Al

was not used in the creation of this manusecript.

&% 3k

[1]  Samara P, Athanasopoulos M, Athanasopoulos I. Unveiling the
enigmatic adenoids and tonsils: exploring immunology, physiology,
microbiome dynamics, and the transformative power of surgery[J].
Microorganisms, 2023, 11(7): 1624. doi: 10.3390/microorgan-
isms11071624.

[2] Perry JL, Haenssler AE, Kotlarek KJ, et al. A midsagittal-view
magnetic resonance imaging study of the growth and involution of
the adenoid mass and related changes in selected velopharyngeal
structures[J]. J Speech Lang Hear Res, 2022, 65(4): 1282-1293.
doi: 10.1044/2021_JSLHR-21-00514.

[3]  Huang X, Gong X, Gao X. Age-related hypertrophy of adenoid and
tonsil with its relationship with craniofacial morphology[J]. BMC
Pediatr, 2023, 23(1): 163. doi: 10.1186/s12887-023-03979-2.

[4]  Huang L, Zheng L, Chen X, et al. Age-group-specific associations
between adenoid/tonsillar hypertrophy and craniofacial features[J].
BMC Oral Health, 2024, 24(1): 1212. doi: 10.1186/512903-024-
04932-0.

[5]  Jaiswal V, Deshpande AN, Shah Y, et al. Correlation of hypertro-
phic adenoids and tonsils with craniofacial growth, occlusion, and
breathing habit in 4-12-year-old children[J]. Int J Clin Pediatr
Dent, 2025, 18(7): 792-798. doi: 10.5005/jp-journals-10005-3162.

[6]  Ahlat EM, Ertugrul F, Baydas B, et al. The effect of adenoid hyper-
trophy on growth-development level and dental maturation: a 15-
year retrospective radiographs study[J]. BMC Oral Health, 2025,
25(1): 1266. doi: 10.1186/512903-025-06600-3.

(71 WHeEde, Wt . JLE DI E2 W5 A Bl e O R e


https://www.icmje.org/disclosure-of-interest/
http://dx.doi.org/10.3390/microorganisms11071624
http://dx.doi.org/10.3390/microorganisms11071624
http://dx.doi.org/10.1044/2021_JSLHR-21-00514
http://dx.doi.org/10.1186/s12887-023-03979-2
http://dx.doi.org/10.1186/s12903-024-04932-0
http://dx.doi.org/10.1186/s12903-024-04932-0
http://dx.doi.org/10.5005/jp-journals-10005-3162
http://dx.doi.org/10.1186/s12903-025-06600-3

© 922 -

OB & s B g

2026 E9 8 #F34%H FoHi

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Z& @, 2020, 55(1):
0098.2020.01.002.

3-8. doi: 10.3760/cma. j. issn. 1002-
Zeng XL, Gao XM. Diagnosis and treatment of mouth breathing in
children[J]. Chin J Stomatol, 2020, 55(1): 3-8. doi: 10.3760/cma.j.
issn.1002-0098.2020.01.002.

Gecha V, Price R. New ways of thinking for sustainable oral
health: how integrating oral, respiratory, and postural health into
early childhood development can drive innovation and research|]J].
Front Dent Med, 2025, 6: 1659546. doi: 10.3389/
fdmed.2025.1659546.

Lin S, Premaraj TS, Gamage PT, et al. Upper airway flow dynam-
ics in obstructive sleep apnea patients with various apnea-hypop-
nea index[J]. Life, 2022, 12(7): 1080. doi: 10.3390/1ife12071080.
Tretiakow D, Tesch K, Meyer-Szary J, et al. Three-dimensional
modeling and automatic analysis of the human nasal cavity and pa-
ranasal sinuses using the computational fluid dynamics method|J].
Eur Arch Otorhinolaryngol, 2021, 278(5): 1443-1453. doi:
10.1007/500405-020-06428-3.

Wen XL, Wu BZ, Li Y, et al. Analysis of the aerodynamic charac-
teristics of the upper airway in obstructive sleep apnea patients|J].
J Dent Sci, 2024, 19(1): 329-337. doi: 10.1016/}.jds.2023.03.013.
Malik J, Dholakia S, Spector BM, et al. Inferior meatus augmenta-
tion procedure (IMAP) normalizes nasal airflow patterns in empty
nose syndrome patients via computational fluid dynamics (CFD)
modeling[J]. Int Forum Allergy Rhinol, 2021, 11(5): 902-909. doi:
10.1002/alr.22720.

Lin L, Zhao T, Qin D, et al. The impact of mouth breathing on den-
tofacial development: a concise review[]J]. Front Public Health,
2022, 10: 929165. doi: 10.3389/fpubh.2022.929165.

Bokov P, Dahan J, Boujemla I, et al. Prevalence of mouth breath-
ing, with or without nasal obstruction, in children with moderate to
severe obstructive sleep apnealJ]. Sleep Med, 2022, 98: 98-105.
doi: 10.1016/j.sleep.2022.06.021.

Wang H, Qiao X, Qi S, et al. Effect of adenoid hypertrophy on the
upper airway and craniomaxillofacial region[J]. Transl Pediatr,
2021, 10(10): 2563-2572. doi: 10.21037/tp-21-437.

Kandasamy S. Mouth breathing and orthodontic intervention: does
the evidence support keeping our mouths shut?[J]. Am J Orthod
Dentofacial Orthop, 2025, 167(6): 629-634. doi: 10.1016/).
ajodo.2025.02.005.

Moss ML, Salentijn L. The primary role of functional matrices in
facial growth[J]. Am J Orthod, 1969, 55(6): 566-577. doi: 10.1016/
0002-9416(69)90034-7.

Koca CF, Erdem T, Bayindir T. The effect of adenoid hypertrophy
on maxillofacial development: an objective photographic analysis
[JI. J Otolaryngol Head Neck Surg, 2016, 45(1): 48. doi: 10.1186/
s40463-016-0161-3.

Ma Y, Xie L, Wu W. The effects of adenoid hypertrophy and oral
breathing on maxillofacial development: a review of the literature
[JI. J Clin Pediatr Dent, 2024, 48(1): 1-6. doi: 10.22514/
jocpd.2024.001.

Tse KL, Savoldi F, Li KY, et al. Prevalence of adenoid hypertro-

phy among 12-year-old children and its association with craniofa-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

cial characteristics: a cross-sectional study[J]. Prog Orthod, 2023,
24(1): 31. doi: 10.1186/540510-023-00481-4.

Hammood AR, Saloom HF. Cephalometric differences in grades 11
and IV adenoid hypertrophy: a cross-sectional study[J]. J Orthod
Seci, 2024, 13: 35. doi: 10.4103/jos.jos_20_24.

Zhao T, Wang M, Ngan P, et al. Is adenotonsillar hypertrophy asso-
ciated with dentofacial morphology? A systematic review and meta-
analyses[J]. Am J Orthod Dentofacial Orthop, 2025, 168(5): 524-
541.€29. doi: 10.1016/}.ajod0.2025.04.024.

TR, WA, ST, A LR CE 5T -5 I B 2 I A
W W BT 45 2345 iE 27 W ST R R D). 11 IR B i, 2024, 32
(5): 388-394. doi: 10.12016/j.issn.2096-1456.2024.05.009.

Wang CJ, Wen H, Jin XZ, et al. Research progress on the diagno-
sis and treatment of pediatric malocclusion combined with obstruc-
tive sleep apnea-hypopnea syndromel[J]. J Prev Treat Stomatol Dis,
2024, 32(5): 388-394. doi: 10.12016/j. issn. 2096-1456.2024.
05.009.

Zhan X, He W, Xu M, et al. The effect of adenoid hypertrophy du-
ration on craniofacial development[J]. Int J Pediatr Otorhinolaryn-
gol, 2025, 195: 112397. doi: 10.1016/j.ijpor].2025.112397.

Festa P, Mansi N, Varricchio AM, et al. Association between
upper airway obstruction and malocclusion in mouth-breathing
children[J]. Acta Otorhinolaryngol Ital, 2021, 41(5): 436-442. doi:
10.14639/0392-100X-N1225.

Li Y, Yi S, Zhang J, et al. The hyoid bone position and upper air-
way morphology among children with and without adenotonsillar
hypertrophy: a cross-sectional study[J]. BMC Oral Health, 2024,
24(1): 1365. doi: 10.1186/512903-024-05139-z.

Niedzielski A, Chmielik LP, Mielnik-Niedzielska G, et al. Ad-
enoid hypertrophy in children: a narrative review of pathogenesis
and clinical relevancelJ]. BMJ Paediatr Open, 2023, 7(1):
e001710. doi: 10.1136/bmjpo-2022-001710.

Nosetti L, Zaffanello M, De Bernardi di Valserra F, et al. Explor-
ing the intricate links between adenotonsillar hypertrophy, mouth
breathing, and craniofacial development in children with sleep-
disordered breathing: unraveling the vicious cycle[J]. Children,
2023, 10(8): 1426. doi: 10.3390/children10081426.

Florez BM, Tagawa DT, Inoue DP, et al. Associations between
skeletal discrepancies, breathing pattern, and upper airway ob-
struction in class 11l malocclusions|J]. Int J Pediatr Otorhinolaryn-
gol, 2023, 166: 111471. doi: 10.1016/j.ijporl.2023.111471.
Habumugisha J, Ma SY, Mohamed AS, et al. Three-dimensional
evaluation of pharyngeal airway and maxillary arch in mouth and
nasal breathing children with skeletal class 1 and II[J]. BMC Oral
Health, 2022, 22(1): 320. doi: 10.1186/s12903-022-02355-3.
Habumugisha J, Mohamed AS, Cheng B, et al. Analysis of maxil-
lary arch morphology and its relationship with upper airway in
mouth breathing subjects with different sagittal growth patterns|J].
J Stomatol Oral Maxillofac Surg, 2023, 124(1S): 101386. doi:
10.1016/j.jormas.2023.101386.

Zhao T, Yang Z, Ngan P, et al. Association between adenotonsillar
hypertrophy and dentofacial characteristics of children seeking for

orthodontic treatment: a cross-sectional study[J]. J Stomatol Oral


http://dx.doi.org/10.3760/cma.j.issn.1002-0098.2020.01.002
http://dx.doi.org/10.3760/cma.j.issn.1002-0098.2020.01.002
http://dx.doi.org/10.3760/cma.j.issn.1002-0098.2020.01.002
http://dx.doi.org/10.3760/cma.j.issn.1002-0098.2020.01.002
http://dx.doi.org/10.3389/fdmed.2025.1659546
http://dx.doi.org/10.3389/fdmed.2025.1659546
http://dx.doi.org/10.3390/life12071080
http://dx.doi.org/10.1007/s00405-020-06428-3
http://dx.doi.org/10.1007/s00405-020-06428-3
http://dx.doi.org/10.1016/j.jds.2023.03.013
http://dx.doi.org/10.1002/alr.22720
http://dx.doi.org/10.1002/alr.22720
http://dx.doi.org/10.3389/fpubh.2022.929165
http://dx.doi.org/10.1016/j.sleep.2022.06.021
http://dx.doi.org/10.21037/tp-21-437
http://dx.doi.org/10.1016/j.ajodo.2025.02.005
http://dx.doi.org/10.1016/j.ajodo.2025.02.005
http://dx.doi.org/10.1016/0002-9416(69)90034-7
http://dx.doi.org/10.1016/0002-9416(69)90034-7
http://dx.doi.org/10.1186/s40463-016-0161-3
http://dx.doi.org/10.1186/s40463-016-0161-3
http://dx.doi.org/10.22514/jocpd.2024.001
http://dx.doi.org/10.22514/jocpd.2024.001
http://dx.doi.org/10.1186/s40510-023-00481-4
http://dx.doi.org/10.4103/jos.jos_20_24
http://dx.doi.org/10.1016/j.ajodo.2025.04.024
http://dx.doi.org/10.12016/j.issn.2096-1456.2024.05.009
http://dx.doi.org/10.12016/j.issn.2096-1456.2024.05.009
http://dx.doi.org/10.12016/j.issn.2096-1456.2024.05.009
http://dx.doi.org/10.1016/j.ijporl.2025.112397
http://dx.doi.org/10.14639/0392-100X-N1225
http://dx.doi.org/10.14639/0392-100X-N1225
http://dx.doi.org/10.1186/s12903-024-05139-z
http://dx.doi.org/10.1136/bmjpo-2022-001710
http://dx.doi.org/10.3390/children10081426
http://dx.doi.org/10.1016/j.ijporl.2023.111471
http://dx.doi.org/10.1186/s12903-022-02355-3
http://dx.doi.org/10.1016/j.jormas.2023.101386
http://dx.doi.org/10.1016/j.jormas.2023.101386

OB & s B g

2026 E9 8 #F34%H FoHi

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com - 923 -

[33]

[34]

(37]

[40]

[41]

[42]

[43]

[44]

Maxillofac  Surg, 2024,
mas.2023.101751.

125(4): 101751. doi: 10.1016/j. jor-
Giri J, Bockmann M, Brook A, et al. Genetic and environmental
contributions to the development of soft tissue facial profile: a twin
study[J]. Eur J Orthod, 2024, 46(5): cjae045. doi: 10.1093/ejo/
cjae045.

Sadeghi T, Fatehi P, Pakzad L. Effect of nasal inhalation on drug
particle deposition and size distribution in the upper airway: with
soft mist inhalers[J]. Ann Biomed Eng, 2024, 52(5): 1195-1212.
doi: 10.1007/s10439-023-03423-7.

Tanprasert S, Kampeewichean C, Shiratori S, et al. Non-spherical
drug particle deposition in human airway using computational
fluid dynamics and discrete element method[J]. Int J Pharm, 2023,
639: 122979. doi: 10.1016/j.ijpharm.2023.122979.

Ignatiuk D, Xiao Q, McConnell K, et al. Computational assessment
of upper airway muscular activity in obstructive sleep apnea - in
vitro validation[J]. J Biomech, 2022, 144: 111304. doi: 10.1016/;.
jbiomech.2022.111304.

Furundarena-Padrones L, Cabriada-Nuifio V, Brunsé-Casellas J, et
al. Correlation between polysomnographic parameters and volumet-
ric changes generated by maxillomandibular advancement surgery
in patients with obstructive sleep apnea: a fluid dynamics study[J].
J Clin Sleep Med, 2024, 20(3): 371-379. doi: 10.5664/jcsm.10874.
Faizal WM, Ghazali NNN, Khor CY, et al. Computational fluid dy-
namics modelling of human upper airway: a review[J]. Comput
Methods Programs Biomed, 2020, 196: 105627. doi: 10.1016/j.
¢mph.2020.105627.

Barbour M, Richardson C, Bindschadler M, et al. Analysis of
upper airway flow dynamics in robin sequence infants using 4-D
computed tomography and computational fluid dynamics[J]. Ann
Biomed Eng, 2023, 51(2): 363-376. doi: 10.1007/510439-022-
03036-6.

Alan A, Ugurlu M, Bayrakdar IS, et al. Evaluation of respiratory
conditions in individuals undergoing rapid maxillary expansion: a
computational fluid dynamics study[J]. Diagnostics, 2025, 15(5):
527. doi: 10.3390/diagnostics15050527.

Chen Y, Feng X, Shi X, et al. Evaluation of computational fluid dy-
namics models for predicting pediatric upper airway airflow char-
acteristics[J]. Med Biol Eng Comput, 2023, 61(1): 259-270. doi:
10.1007/s11517-022-02715-9.

Ryu S, Kim JH, Yu H, et al. Diagnosis of obstructive sleep apnea
with prediction of flow characteristics according to airway morphol-
ogy automatically extracted from medical images: computational
fluid dynamics and artificial intelligence approach[J]. Comput
Methods Programs Biomed, 2021, 208: 106243. doi: 10.1016/].
cmpb.2021.106243.

Jing H, Cui X. A review on numerical studies of airflow dynamics
and particle deposition in human respiratory system[J]. Particuol-
ogy, 2024, 91: 351-377. doi: 10.1016/j.partic.2024.04.006.

Nino A, Feng Y. Evaluation of turbulence models for accurate pre-
diction of airflow structure in a subject-specific upper airway ge-
ometry[J]. J Biomech Eng, 2025, 147(10): 101007. doi: 10.1115/
1.4069231.

[45]

[46]

[47]

[50]

[51]

[52]

[53]

[54]

[55]

[57]

He H, Tu R, Tong W, et al. Nasal fluid dynamics visualization
using particle image velocimetry in a 3D-printed nasal replica
model[J]. Annu Int Conf IEEE Eng Med Biol Soc, 2025, 2025: 1-
4. doi: 10.1109/EMB(C58623.2025.11253572.

Khan ZU, Jiang X, Dong J, et al. Fluid mechanics approach to as-
sess airflow dynamics during the respiratory cycle in a child nasal
airway with adenoid hypertrophy[J]. Acta Mech Sin, 2026, 42(1):
325125. doi: 10.1007/s10409-025-25125-x.

Hu Z, Chen J, Zhang Y, et al. Age-related anatomical variations
and the impact of adenoid hypertrophy on nasal airflow in Asian
children[J]. Eur J] Mech B, 2025, 114: 204321. doi: 10.1016/j.eu-
romechflu.2025.204321.

Liu J, Shao Y, Li J, et al. New approach to establish a surgical
planning in infantile vallecular cyst synchronous with laryngomala-
cia based on aerodynamic analysis[J]. Comput Methods Programs
Biomed, 2023, 230: 107335. doi: 10.1016/j.cmph.2023.107335.
ZR, W, BUAR, 45 ORI T RGBSV I B9 i B RS 5 B
FEIIL. J124 240, 2024, 56(2): 472-481. doi: 10.6052/0459-1879-
23-278.

Qin Y, Chen X, Wei D, et al. Fluid - solid coupling study of air-
way tissue deformations under airflow[J]. Chin J Theor Appl Mech,
2024, 56(2): 472-481. doi: 10.6052/0459-1879-23-278.

Corda JV, Shenoy BS, Ahmad KA, et al. Nasal airflow comparison
in neonates, infant and adult nasal cavities using computational
fluid dynamics[J]. Comput Methods Programs Biomed, 2022, 214:
106538. doi: 10.1016/j.cmph.2021.106538.

Sun Q, Dong J, Zhang Y, et al. Numerical modelling of micron par-
ticle inhalation in a realistic nasal airway with pediatric adenoid
hypertrophy: a virtual comparison between pre- and postoperative
models[J]. Front Pediatr, 2023, 11: 1083699. doi: 10.3389/
fped.2023.1083699.

Atar Bese S, Ozdemir O, Tuncerler G, et al. Do not ignore mouth
breathing syndrome: respiratory functions are affected in early
childhood[J]. Rhinology, 2024, 62(6): 659-668. doi: 10.4193/
Rhin24.133.

Soos R, Kallos HH, Albu A, et al. Cephalometric evaluation of ad-
enoids and upper airway[J]. Acta Stomatol Marisiensis J, 2022, 5
(2): 37-42. doi: 10.2478/asmj-2022-0010.

Mohamed AS, Habumugisha J, Cheng B, et al. A cone-beam com-
puted tomography study of hyoid bone position and airway volume
in subjects with obstructive and nonobstructive adenotonsillar hy-
pertrophy[J]. Angle Orthod, 2023, 93(4): 467-475. doi: 10.2319/
110822-769.1.

Gong X, Li W, Gao X. Effects of craniofacial morphology on nasal
respiratory function and upper airway morphology[J]. J Craniofac
Surg, 2018,  29(7):  1717-1722.  doi:  10.1097/SCS.
0000000000004638.

Feng Y, Cai W, Xie Q, et al. Impact of upper airway comorbidities
and tonsil/adenoid synergistic effects on pediatric OSA severity[J].
Nat Sci Sleep, 2025, 17: 917-927. doi: 10.2147/NSS.8529463.
Jaiswal S, Sayed F, Kulkarni VV, et al. Comparative evaluation of
the relationship between airway inadequacy, head posture, and

craniofacial morphology in mouth-breathing and nasal-breathing


http://dx.doi.org/10.1016/j.jormas.2023.101751
http://dx.doi.org/10.1016/j.jormas.2023.101751
http://dx.doi.org/10.1093/ejo/cjae045
http://dx.doi.org/10.1093/ejo/cjae045
http://dx.doi.org/10.1007/s10439-023-03423-7
http://dx.doi.org/10.1016/j.ijpharm.2023.122979
http://dx.doi.org/10.1016/j.jbiomech.2022.111304
http://dx.doi.org/10.1016/j.jbiomech.2022.111304
http://dx.doi.org/10.5664/jcsm.10874
http://dx.doi.org/10.1016/j.cmpb.2020.105627
http://dx.doi.org/10.1016/j.cmpb.2020.105627
http://dx.doi.org/10.1007/s10439-022-03036-6
http://dx.doi.org/10.1007/s10439-022-03036-6
http://dx.doi.org/10.3390/diagnostics15050527
http://dx.doi.org/10.1007/s11517-022-02715-9
http://dx.doi.org/10.1007/s11517-022-02715-9
http://dx.doi.org/10.1016/j.cmpb.2021.106243
http://dx.doi.org/10.1016/j.cmpb.2021.106243
http://dx.doi.org/10.1016/j.partic.2024.04.006
http://dx.doi.org/10.1115/1.4069231
http://dx.doi.org/10.1115/1.4069231
http://dx.doi.org/10.1109/EMBC58623.2025.11253572
http://dx.doi.org/10.1007/s10409-025-25125-x
http://dx.doi.org/10.1016/j.euromechflu.2025.204321
http://dx.doi.org/10.1016/j.euromechflu.2025.204321
http://dx.doi.org/10.1016/j.cmpb.2023.107335
http://dx.doi.org/10.6052/0459-1879-23-278
http://dx.doi.org/10.6052/0459-1879-23-278
http://dx.doi.org/10.6052/0459-1879-23-278
http://dx.doi.org/10.1016/j.cmpb.2021.106538
http://dx.doi.org/10.3389/fped.2023.1083699
http://dx.doi.org/10.3389/fped.2023.1083699
http://dx.doi.org/10.4193/Rhin24.133
http://dx.doi.org/10.4193/Rhin24.133
http://dx.doi.org/10.2478/asmj-2022-0010
http://dx.doi.org/10.2319/110822-769.1
http://dx.doi.org/10.2319/110822-769.1
http://dx.doi.org/10.1097/SCS.0000000000004638
http://dx.doi.org/10.1097/SCS.0000000000004638
http://dx.doi.org/10.2147/NSS.S529463

+ 924 -

OB & s B g

2026 E9 8 #F34%H FoHi

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

patients: a cephalometric observational study[J]. Cureus, 2023, 15
(10): e47435. doi: 10.7759/cureus.47435.

Zhang J, Fu Y, Wang L, et al. Adenoid facies: a long-term vicious
cycle of mouth breathing, adenoid hypertrophy, and atypical cra-
niofacial development[J]. Front Public Health, 2024, 12: 1494517.
doi: 10.3389/fpubh.2024.1494517.

S, W/INF, B L5 N BEL 2 A o AR P VR 4 4
SRR b S A T A AR Y 5 e 22 e (D). o R A i A
& (W R, 2025, 17(2): 81-86. doi:  10.12037/
YXQY.2025.02-11.

Feng YW, Ming XP, Chen X. Impact difference of etiology in
upper airway hydrodynamics characteristics of obstructive sleep
apnea between children and adults [J]. Chin J Front Med Sci Elec-
tron Version, 2025, 17(2): 81-86. doi: 10.12037/YXQY. 2025.
02-11.

Yan Z, Wang X, Chen R. Exploring the impact of adenoid obstruc-
tion on the human nasal airflow through parallel computational
fluid dynamics[J]. Eng Rep, 2025, 7(1): €12972. doi: 10.1002/
eng2.12972.

SRTUE, TR, BN, S5 BT R 2 S T IR AR
AN JLZE b SGE SR SR ], TR E S A RS AR
2023, 29(4): 75-80. doi: 10.11798/j.issn.1007-1520.202322256.
Guo YF, Su LJ, Cai HK, et al. Analysis of the effect of adenoid
size on upper airway flow in children based on computational fluid
dynamics[J]. Chin J Otorhinolaryngol Skull Base Surg, 2023, 29
(4): 75-80. doi: 10.11798/j.issn.1007-1520.202322256.

Kitamura T, Uegomori-Yokura A, Oku Y, et al. Effects of adenoid
hypertrophy on nasopharyngeal airway ventilation: a computa-
tional fluid dynamics study[J]. Int J Pediatr Otorhinolaryngol,
2024, 180: 111961. doi: 10.1016/j.ijporl.2024.111961.

Hu Z, Dong J, Lou M, et al. Effect of different degrees of adenoid
hypertrophy on pediatric upper airway aerodynamics: a computa-
tional fluid dynamics study[J]. Biomech Model Mechanobiol,
2023, 22(4): 1163-1175. doi: 10.1007/s10237-023-01707-4.

Yao Y, Zheng M, Borkar NA, et al. Role of STIMI in stretch-in-
duced signaling in human airway smooth muscle[J]. Am J Physiol
Lung Cell Mol Physiol, 2024, 327(2): L150-L159. doi: 10.1152/aj-
plung.00370.2023.

Suga H, Iwasaki T, Mishima K, et al. Evaluation of the effect of
oral appliance treatment on upper-airway ventilation conditions in
obstructive sleep apnea using computational fluid dynamics[J].
Cranio, 2021, 39(3): 209-217. doi: 10.1080/
08869634.2019.1596554.

Cai H, Xu C, Xue H, et al. Upper airway flow characteristics of
childhood obstructive sleep apnea-hypopnea syndrome[J]. Sci
Rep, 2022, 12(1): 7386. doi: 10.1038/541598-022-10367-w.
EEAR, FRTT, KW, IR AIE R L SOE T AR A
) 3 AL AL SBUE LI, P AR O BE e, 2023,
58(4): 337-344. doi: 10.3760/cma.j.cn112144-20221024-00556.
Wang HW, Qi SQ, Liu CB, et al. Establishment and digital simula-
tion of upper airway in patients with adenoid hypertrophy[J]. Chin
J Stomatol, 2023, 58(4): 337-344. doi: 10.3760/cma.j.cn112144-
20221024-00556.

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Iwasaki T, Sato H, Suga H, et al. Relationships among nasal resis-
tance, adenoids, tonsils, and tongue posture and maxillofacial form
in class II and class III children[J]. Am J Orthod Dentofacial Or-
thop, 2017, 151(5): 929-940. doi: 10.1016/j.ajod0.2016.10.027.
Iwasaki T, Sato H, Suga H, et al. Influence of pharyngeal airway
respiration pressure on class IT mandibular retrusion in children: a
computational fluid dynamics study of inspiration and expiration
[J]. Orthod Craniofac Res, 2017, 20(2): 95-101. doi: 10.1111/
ocr.12145.

ERAAE, IR, TR SC, S5 AN ) P B A S0 5 L 2
PRBUG = AE3FAG (D], 1 1 B B f7 . 2025, 33(1): 33-40. doi:
10.12016/].issn.2096-1456.202440415.

Chiou WC, Men XR, Zhang KW, et al. Three-dimensional evalua-
tion of tongue position and volume in adult patients with different
skeletal malocclusions[J]. J Prev Treat Stomatol Dis, 2025, 33(1):
33-40. doi: 10.12016/j.issn.2096-1456.202440415.

Li H, Cui J, Wang S, et al. Changes of pharyngeal airway structure
and function in patients with skeletal class III malocclusion one
year after orthognathic surgery|[J]. Clin Oral Investig, 2025, 29(2):
107. doi: 10.1007/s00784-025-06182-y.

Nomura T, Sasaki A, Fujimoto M, et al. Effects of jaw movement in
bimaxillary orthognathic surgery on the upper airway: computa-
tional fluid dynamics analysis[J]. Orthod Craniofac Res, 2023, 26
(3): 311-319. doi: 10.1111/0cr.12627.

Zhang Z, Wang S, Li J, et al. Quantification of pharyngeal airway
space changes after two-jaw orthognathic surgery in skeletal class
III patients[J]. BMC Oral Health, 2023, 23(1): 345. doi: 10.1186/
$12903-023-03075-y.

Zhao Y, Ge Y, Chen W, et al. Upper airway hydrodynamics
changes after molar distalization with aligners in adult patients[J].
Clin Oral Investig, 2024, 28(12): 630. doi: 10.1007/s00784-024-
06029-y.

Kapila S, Vora SR, Rengasamy Venugopalan S, et al. Connecting
the dots towards precision orthodontics[J]. Orthod Craniofac Res,
2023, 26 Suppl 1: 8-19. doi: 10.1111/0cr.12725.

Xu H, Chen S, Song X, et al. Computational fluid dynamics analy-
sis of upper airway changes after protraction headgear and rapid
maxillary expansion treatment[J]. Mol & Cell Biomech, 2023, 20
(1): 15-22. doi: 10.32604/mch.2023.029107.

Liu Z, Zhang N, Chen S, et al. Effect of maxillary skeletal expan-
sion on airflow dynamics of the upper airway[J]. J Craniofac Surg,
2022, 33(6): 1684-1689. doi: 10.1097/SCS.0000000000008442.
Xiao W, Liu S, Lu Y, et al. Computational fluid dynamics analysis
of nasal airway changes after treatment with C-expander({J]. Appl
Bionics Biomech, 2021, 2021: 8874833. doi: 10.1155/2021/
8874833.

Demirsoy KK, Buyuk SK, Alev Y, et al. Comparative evaluation of
skeletal, dentoalveolar, and airway effects of bone-borne and hy-
brid expanders in young adults[J]. Orthod Craniofac Res, 2026, 29
(2): 375-384. doi: 10.1111/0cr.70091.

Ponnada SR, Pattanaik S, Chandrasekhar G, et al. Evaluation of
displacement with rapid maxillary expansion, miniscrew-assisted

rapid maxillary expansion, and miniscrew-assisted rapid maxillary


http://dx.doi.org/10.7759/cureus.47435
http://dx.doi.org/10.3389/fpubh.2024.1494517
http://dx.doi.org/10.12037/YXQY.2025.02-11
http://dx.doi.org/10.12037/YXQY.2025.02-11
http://dx.doi.org/10.12037/YXQY.2025.02-11
http://dx.doi.org/10.12037/YXQY.2025.02-11
http://dx.doi.org/10.1002/eng2.12972
http://dx.doi.org/10.1002/eng2.12972
http://dx.doi.org/10.11798/j.issn.1007-1520.202322256
http://dx.doi.org/10.11798/j.issn.1007-1520.202322256
http://dx.doi.org/10.1016/j.ijporl.2024.111961
http://dx.doi.org/10.1007/s10237-023-01707-4
http://dx.doi.org/10.1152/ajplung.00370.2023
http://dx.doi.org/10.1152/ajplung.00370.2023
http://dx.doi.org/10.1080/08869634.2019.1596554
http://dx.doi.org/10.1080/08869634.2019.1596554
http://dx.doi.org/10.1038/s41598-022-10367-w
http://dx.doi.org/10.3760/cma.j.cn112144-20221024-00556
http://dx.doi.org/10.3760/cma.j.cn112144-20221024-00556
http://dx.doi.org/10.3760/cma.j.cn112144-20221024-00556
http://dx.doi.org/10.1016/j.ajodo.2016.10.027
http://dx.doi.org/10.1111/ocr.12145
http://dx.doi.org/10.1111/ocr.12145
http://dx.doi.org/10.12016/j.issn.2096-1456.202440415
http://dx.doi.org/10.12016/j.issn.2096-1456.202440415
http://dx.doi.org/10.12016/j.issn.2096-1456.202440415
http://dx.doi.org/10.1007/s00784-025-06182-y
http://dx.doi.org/10.1111/ocr.12627
http://dx.doi.org/10.1186/s12903-023-03075-y
http://dx.doi.org/10.1186/s12903-023-03075-y
http://dx.doi.org/10.1007/s00784-024-06029-y
http://dx.doi.org/10.1007/s00784-024-06029-y
http://dx.doi.org/10.1111/ocr.12725
http://dx.doi.org/10.32604/mcb.2023.029107
http://dx.doi.org/10.1097/SCS.0000000000008442
http://dx.doi.org/10.1155/2021/8874833
http://dx.doi.org/10.1155/2021/8874833
http://dx.doi.org/10.1111/ocr.70091

OB & s B g

2026 E9 8 #F34%H FoHi

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

+ 925 -

(82]

[83]

[84]

(85]

[86]

(871

[88]

[90]

[91]

[92]

expansion combined with micro-osteoperforations: a comparative
finite element analysis[J]. ] Pharm Bioallied Sci, 2024, 16(Suppl
5): S4354-34358. doi: 10.4103/jpbs.jpbs_598_24.

Iwasaki T, Papageorgiou SN, Yamasaki Y, et al. Nasal ventilation
and rapid maxillary expansion (RME): a randomized trial[J]. Eur J
Orthod, 2021, 43(3): 283-292. doi: 10.1093/ejo/cjab001.
Yanagisawa-Minami A, Sugiyama T, Iwasaki T, et al. Primary site
identification in children with obstructive sleep apnea by computa-
tional fluid dynamics analysis of the upper airway[J]. J Clin Sleep
Med, 2020, 16(3): 431-439. doi: 10.5664/jcsm.8224.

Palazzo G, Leonardi R, Isola G, et al. Changes in upper airway air-
flow after rapid maxillary expansion beyond the peak period of ad-
enoidal growth-a CBCT study using computer fluid dynamics and
considering adenoidal dimensions as a factor[J]. Dent J, 2025, 13
(5): 209. doi: 10.3390/dj13050209.

Meri¢ P, Karadede MI. Three-dimensional evaluation of the effects
of Bionator and Forsus appliances on oropharyngeal airway volume
in patients with mandibular retrognathialJ]. Cranio, 2023, 41(6):
529-541. doi: 10.1080/08869634.2022.2147283.

Tang H, Cui X, Li H, et al. Effects of vertical control on anatomic
and aerodynamic characteristics of the oropharyngeal airway dur-
ing premolar extraction treatment of class II hyperdivergent nonse-
vere crowding malocclusion[J]. Am J Orthod Dentofacial Orthop,
2023, 164(2): e27-e42. doi: 10.1016/j.ajod0.2023.05.003.

Yang G, Liu A, Pan ], et al. Efficacy comparison between dentofa-
cial orthopedic treatment and adenotonsillectomy on children with
obstructive sleep apnea and skeletal class II malocclusion: a retro-
spective study[J]. BMC Oral Health, 2025, 25(1): 1325. doi:
10.1186/s12903-025-06697-6.

Van Gaver H, Op de Beeck S, Dieltjens M, et al. Functional imag-
ing improves patient selection for mandibular advancement device
treatment outcome in sleep-disordered breathing: a prospective
study[J]. J Clin Sleep Med, 2022, 18(3): 739-750. doi: 10.5664/
jesm.9694.

Van den Bossche K, Op de Beeck S, Dieltjens M, et al. Multi-
modal phenotypic labelling using drug-induced sleep endoscopy,
awake nasendoscopy and computational fluid dynamics for the pre-
diction of mandibular advancement device treatment outcome: a
prospective study[J]. J Sleep Res, 2022, 31(6): e13673. doi:
10.1111/jsr.13673.

Zheng Z, Liu H, Xu Q, et al. Computational fluid dynamics simula-
tion of the upper airway response to large incisor retraction in
adult class I bimaxillary protrusion patients[J]. Sci Rep, 2017, 7:
45706. doi: 10.1038/srep45706.

Twasaki T, Sato H, Suga H, et al. Herbst appliance effects on pha-
ryngeal airway ventilation evaluated using computational fluid dy-
namics[J]. Angle Orthod, 2017, 87(3): 397-403. doi: 10.2319/
080616-603.1.

Shirazawa Y, Iwasaki T, Ooi K, et al. Relationship between pha-
ryngeal airway depth and ventilation condition in mandibular set-
back surgery: a computational fluid dynamics study[J]. Orthod Cra-
niofac Res, 2020, 23(3): 313-322. doi: 10.1111/ocr.12371.
Subramaniam DR, Mylavarapu G, Fleck RJ, et al. Effect of airflow

[93]

[96]

[97]

[98]

[99]

[100]

[101]

and material models on tissue displacement for surgical planning
of pharyngeal airways in pediatric down syndrome patients[J]. J
Mech Behav Biomed Mater, 2017, 71: 122-135. doi: 10.1016/].
jmbbm.2017.03.007.
Chen Y, Feng X, Shi XQ, et al. Impact of sleep posture and breath-
ing pattern on soft palate flutter and pharynx vibration in a pediat-
ric airway using fluid-structure interaction[J]. J Biomech, 2023,
152: 111550. doi: 10.1016/j.jbiomech.2023.111550.
Emmerling J, Vahaji S, Morton DAV, et al. Scale resolving simula-
tions of the effect of glottis motion and the laryngeal jet on flow dy-
namics during respiration[J]. Comput Methods Programs Biomed,
2024, 247: 108064. doi: 10.1016/j.cmph.2024.108064.
Kolewe EL, Padhye S, Woodward IR, et al. A pediatric upper air-
way library to evaluate interpatient variability of in silico aerosol
deposition[J]. AAPS PharmSciTech, 2023, 24(6): 162. doi:
10.1208/512249-023-02619-3.
Das P, Nof E, Amirav I, et al. Targeting inhaled aerosol delivery to
upper airways in children: insight from computational fluid dynam-
ics (CFD)[J]. PLoS One, 2018, 13(11): €0207711. doi: 10.1371/
journal.pone.0207711.
Chen Y, Feng X, Shi XQ, et al. Computational fluid-structure in-
teraction analysis of flapping uvula on aerodynamics and pharyn-
geal vibration in a pediatric airway[J]. Sci Rep, 2023, 13(1): 2013.
doi: 10.1038/s41598-023-28994-2.
Xiao Q, Gunatilaka C, McConnell K, et al. The effect of including
dynamic imaging derived airway wall motion in CFD simulations
of respiratory airflow in patients with OSA[J]. Sci Rep, 2024, 14
(1): 17242. doi: 10.1038/541598-024-68180-6.
Li P, Laudato M, Mihaescu M. Time-dependent fluid-structure in-
teraction simulations of a simplified human soft palate[J]. Bioengi-
neering, 2023, 10(11): 1313. doi: 10.3390/bioengineer-
ingl0111313.
Li L, Wu W, Yan G, et al. Analogue simulation of pharyngeal air-
flow response to Twin Block treatment in growing patients with
class 1I(1) and mandibular retrognathialJ]. Sci Rep, 2016, 6:
26012. doi: 10.1038/srep26012.
Campos LD, Trindade IEK, Trindade SHK, et al. Effects of 3D air-
way geometry on the airflow of adults with cleft lip and palate and
obstructive sleep apnea: a functional imaging study[J]. Sleep Sci,
2023, 16(4): e430-e438. doi: 10.1055/s-0043-1776868.

(455 SHKCHE)

O

This article is licensed under a Creative Commons

Open Access

Attribution 4.0 International License.
Copyright © 2026 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases


https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.4103/jpbs.jpbs_598_24
http://dx.doi.org/10.1093/ejo/cjab001
http://dx.doi.org/10.5664/jcsm.8224
http://dx.doi.org/10.3390/dj13050209
http://dx.doi.org/10.1080/08869634.2022.2147283
http://dx.doi.org/10.1016/j.ajodo.2023.05.003
http://dx.doi.org/10.1186/s12903-025-06697-6
http://dx.doi.org/10.1186/s12903-025-06697-6
http://dx.doi.org/10.5664/jcsm.9694
http://dx.doi.org/10.5664/jcsm.9694
http://dx.doi.org/10.1111/jsr.13673
http://dx.doi.org/10.1111/jsr.13673
http://dx.doi.org/10.1038/srep45706
http://dx.doi.org/10.2319/080616-603.1
http://dx.doi.org/10.2319/080616-603.1
http://dx.doi.org/10.1111/ocr.12371
http://dx.doi.org/10.1016/j.jmbbm.2017.03.007
http://dx.doi.org/10.1016/j.jmbbm.2017.03.007
http://dx.doi.org/10.1016/j.jbiomech.2023.111550
http://dx.doi.org/10.1016/j.cmpb.2024.108064
http://dx.doi.org/10.1208/s12249-023-02619-3
http://dx.doi.org/10.1208/s12249-023-02619-3
http://dx.doi.org/10.1371/journal.pone.0207711
http://dx.doi.org/10.1371/journal.pone.0207711
http://dx.doi.org/10.1038/s41598-023-28994-2
http://dx.doi.org/10.1038/s41598-024-68180-6
http://dx.doi.org/10.3390/bioengineering10111313
http://dx.doi.org/10.3390/bioengineering10111313
http://dx.doi.org/10.1038/srep26012
http://dx.doi.org/10.1055/s-0043-1776868

