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Construction of the airway obstruction evaluation system of the childhood sleep apne
a syndrome using Fluid-structure analysis
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Obstructive sleep apnea syndrome (0SAS) in children is not rare and is a major hea
Ith problem. Unfortunately, surgery"s success rate is not always high because obstruction sites of the upp
er airway vary considerably. Morphological findings from computed-tomography (CT) do not always coincide p
recisely with the functional obstruction sites in the upper airway. Consequently, establishing a method to
detect the specific obstruction sites of the whole upper airway is indispensable to successful treatment
of 0SAS. We examined the obstruction sites in an upper airway model of a 0SAS child by fluid-structure int
eraction (FSI) analysis.
We established a new method combining an airway model with FSI analysis. This method can locate the obstru
ction sites and simulate the magnitude of air pressure and velocity, evaluating the ventilation condition
more precisely than with a morphological evaluation alone.
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Fig 1. Measurements of the oropharyngeal
airway. The width of oropharyngeal airway
was measured at the narrowest part of the
entire depth. Cross-sectional area (S),
depth (D) and width (W).

Fig 2. Fluid-mechanical simulation
analysis of the upper airway: A, CBCT used
in this study; B, extracted upper airway
image; C, fluid-mechanical simulation; D,
evaluation of upper airway ventilation.
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Fig 3. Lateral cephalogram 1mages
reconstructed from CBCT data of a
dolichofacial child (left) and a
brachyfacial child (right). FMA is the
Frankfort mandibular plane angle.

Fig 4. Measurement of cross-sections in
the nasopharyngeal airway and the
oropharyngeal airway (19): A,
nasopharyngeal airway cross-section is
defined as a horizontal plane at the
airway’ s narrowest part in the
reconstructed lateral cephalometric
image; B, oropharyngeal airway
cross-section is defined as the horizontal
plane through the mid-point of bilateral
gonion. CSA is cross-sectional area; D is
depth.
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Fig 5. Airway images of a brachyfacial
child, representing a normal ventilation
condition: A, Morphological airway images
(right lateral, front, and superior views)
extracted from a cone-beam CT image; B,
Fluid-mechanical simulation analysis of
the same airway in the sagittal plane
(left: is the pressure analysis, right is
the velocity analysis). In A, No stenosis
was Tfound in either the pharynx or
bilateral nasal cavity. In B, Both the
maximal pressure and velocity were
relatively low, and no abrupt change of
pressure or velocity was detected.
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Fig 6. Airway images of a dolichofacial
child, representing obstruction at both
the nasopharynx and nasal cavity: A,
Morphological airway images (right
lateral, front, and superior Vviews)
extracted from a cone-beam CT image; B,
Fluid-mechanical simulation analysis of
the same airway in the sagittal plane
(left: is the pressure analysis, right is
the velocity analysis). In A, Stenosis by
the hypertrophied adenoid and complete
perforation of the right nasal cavity were
found (yellow arrow). In B, Because the
pressure decreases abruptly around the
adenoids, and the velocity was so high, the
existence of an obstruction can be
diagnosed  (yellow arrow).  Similar
findings are present at the left nasal
cavity. This could not be determined from
the morphology alone (red arrow ).

Fig 7. Steps in the evaluation of nasal
cavity ventilation by fluid-mechanical
simulation: A, The CBCT instrument; B,
Extraction of the nasal cavity data; C,

Volume rendering and numerical
simulation; D, Evaluation of the nasal
cavity ventilation condition.
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Fig 8. Example of change in the ventilation
condition after RME in a selected patient
(A: before RME, B: after RME): A, stenosis
of the nasal cavity can be seen but the
presence of an obstruction cannot be
determined from the 3D form (yellow arrow).
Nevertheless, fluid-mechanical
simulation shows that the maximal pressure
and maximum velocity were both high (red
arrow), indicating an obstruction. B, The
3D form indicates improvement of the
stenosis, but it cannot determine whether
the obstruction was reduced (yellow arrow).
On the other hand, fluid-mechanical
simulation shows that both pressure and
velocity decreased (blue arrow), and the
obstruction was reduced.
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Fig 9. Estimate of low tongue posture in
a selected patient: A, cephalometric image
(left, lateral view; right,
posterior-anterior view); B, 3D views of
the intraoral airway (right lateral,
superior, and front views).

Fig 10. Improvement of low tongue posture
after RME (frontal view) in a selected
patient: A, before RME tongue posture is
low (red arrow); B, after RME tongue

posture has improved (blue arrow).



Fig 11. Enlargement of the pharyngeal
airway after RME in a selected patient: A,
before RVME, tongue posture is low (white
arrow) and the pharyngeal airway is
narrow; B, after RME, tongue posture has
improved (white arrow) and the pharyngeal
airway has enlarged (black arrow).
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Fig 12. Measurement of airway volumes : A,
Planes for the axial section of the airway:
1. Palatal plane (PL plane); 2. EB plane
(plane parallel to PL plane passing
through base of epiglottis). B, Each part
of airway: PAv. Pharyngeal airway volume,
between PL plane and EB plane; IAv.
intraoral airway volume, between palate
and tongue.
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