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HWE. a6 BN R F AR E 124 (cone beam computed tomography, CBCT) = 4 5% ¥ 45 #7 )L & fi41 | & £
A R A AR 3R L 5 v R %7 45 4K38 4,95 4L (apnea hypopnea index, AHI) Z I8 64948 % M2 | vA A % it B 56 4 T
FeL 2 B AR = 2R %7 1% (obstructive sleep apnea, OSA) B AR F 0 K 4L 3547, F ik HLEHAN2022 F 6 A £ 2024
F6 ARBRSHBRA TR EFHL TTRAOEER ESAILESEE 80 H, B 534,427 4,8~11 % ,F3
9.36 %, RJAE 4% X AR 45 ) 3k B AHI, 47 CBCT 42 4 2l = }ﬁ‘c A 4k 4k A & (‘adenoid volume/nasopharyngeal
volume, AV/NPV) . L T B RERALE HHE EARE KD, B9 BWEAHHIEHR & F RN KRR E I
%« (body mass index, BMI) Jiﬂz??h‘—ﬁ‘ XA B, &R @ AL "Liﬁffi@%‘] T & b AHI 49 1k 5 7w 2k 4k,
4% % Spearman A8 X MM LR E T ,AV/NPV 5 AHI £ EH % (P<0.05), @ FA+ XL KA (mandlbular ramus
length, Ar-Go) . E41E 5% B (maxillary width, Mx-Mx) | F 478 % & ( mandibular width, Go-Go) . 4,18 & /)N &, & A2
(minimum axial airway area, MAA) | % *# % 4% (retronasal airway volume, V-RNA) %" % #R ( retropalatal airway
volume, V-RPA) #= & " - #2 ( retrolingual airway volume, V-RLA) 5 AHI £ #i #8% (P<0.05) , 2 BE® 2544 2L
N A Fo BMIAE 454 £ 3 28R 27 WA A BMIFT & £ (R*) % T 0.002, B2 £ F RAHFEL (F(o0) =
0.067, P=0.935), % =% ¥ AV/NPV ARy B AR SR B FEFH—F o7 £ T (AR)E T 0.179,AV/
NPV (B=0.441, P<0.001) A £ @ FRl AHI #9468 . % = F 455 AHI 4% 89 CBCT Ml S5 AAMA SR B
= AR*=0.273, % % Mx-Mx (8=-0.207, P=0.041) .Go-Go (B=-0.263, P=0.018) #= MAA (B=-0.346, P<
0.001) A AHI ¢ S Fm B -F, #h LRER ETHEREAILE OSA 6913 £ B &, LT A6 R T8 &
P % LSRR R 3,
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Correlation between 3D craniofacial and upper airway
structures and apnea hypopnea index in children

SHEN Wei', JIN Chenxi', LI Na’, LI Xiaoxuan', GUO Jing'?

(1. School of Stomatology, Zhejiang Chinese Medical University, Hangzhou 310053, Zhejiang, China;
2. Department of Orthodontics, Ningbo Stomatology Hospital, Ningbo 315016, Zhejiang, China)

Abstract: Objective To investigate craniofacial and upper airway anatomical characteristics in children using cone
beam computed tomography (CBCT) and their association with apnea hypopnea index ( AHI), aiming to identify key
predictive indicators for assessing the severity of obstructive sleep apnea (OSA). Methods A total of 80 pediatric pa-
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tients who visited the Department of Orthodontics at Ningbo Stomatological Hospital between June 2022 and June 2024
with chief complaints of malocclusion or mouth breathing were consecutively enrolled in the study. The sample included
53 boys and 27 girls with a mean age of 9.36 years. Portable home polysomnography was performed to obtain AHI val-
ues, followed by CBCT scans to measure adenoid-to-nasopharynx volume ratio (AV/NPV) , maxillary and mandibular
width and position, hyoid bone position, and upper airway dimensions. Hierarchical regression analysis was conducted
to evaluate the independent predictive value of craniofacial and upper airway variables for AHI after controlling for sex,
body mass index (BMI) , and adenoid size. Results
lation between AV/NPV and AHI ( P<0.05). In contrast, mandibular ramus length ( Ar-Go) , maxillary width ( Mx-

Spearman correlation analysis showed a significant positive corre-

Mx ) ,mandibular width ( Go-Go) , minimum axial airway area (MAA) , retronasal airway volume( V-RNA) , retropal-
atal airway volume ( V-RPA) and retrolingual airway volume( V-RLA) were negatively correlated with AHI ( P<0.05).
In the hierarchical regression analysis, sex and BMI were entered as control variables in Step 1, accounting for only
0.2% of the variance in AHI (R*=0.002), with the model being non-significant (F7y=0.067, P=0.935). In
Step 2, the addition of AV/NPV significantly improved the model, with an increase in explained variance ( AR® =
0.179). AV/NPV was a significant positive predictor of AHI (8= 0.441, P<0.001). In Step 3, CBCT-derived
variables significantly associated with AHI were added to the model. This step further increased the explained variance
(AR*=0.273). Among these, Mx-Mx (8=-0.207, P=0.041),Go-Go (8=-0.263, P=0.018) and MAA (8=
-0.346, P<0.001) were identified as independent predictors of AHI. Conclusion Upper airway constriction, maxillary
and mandibular deficiency serve as independent risk factors for pediatric OSA. These three-dimensional anatomical varia-
bles may provide a theoretical basis for early clinical identification of high-risk children.
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Figure 2 Landmarks and measurement parameters of the upper airway
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Figure 3 Hyoid bone, craniofacial vertical and sagittal measurement parameters

RS

“

K4 s seE
Figure 4 Maxillary width



48 TR N N

63 % 7 44

K5 TR
Figure 5 Mandible width

1.2.2.3  JRAEMARR/N = ZE I

K Mimics B0PF 47 = 4 8 M AR £
BRI 8 e b A7 Sk A v, HR Bl 7 52
R, TR0 MR A A 0 8 L O — 200 ~ 200 5 5 1 X<
1 LS B R — 1 024 ~ =200, Xof AR I3 ) 25 ¥4 18 £ 7
A R SR, FUE R A S X T A
JLFl . FJH 3D Interpolate X 5% Wit #4714k, 25 Bk
M - 9 45 i S, SR A e T Y = 4E L
BRI AR, WL 6, f 2 48 A5 o AR
B AN (adenoid volume, AV) Fil kM X < i 4
1 ( nasopharyngeal airway volume, NPAV) ,

FRBER 2 S D b SR i o R R R A

( spheno-occipital synchondrosis, SOS)Jf5 FH i
AT ; @ A i PNS 15 FH P17 10
4 QR AR AR % @5 B2 it SOS IF 5
FH V- 187 3 EL A2k s G A2 P00 5 B P A A

SIS ERR . O AL T SOS Jf 5 FH %
AT ;@ F A2 iE i PNS Jf 5 FH V-1 17
2 s i1 T I B 25 s

JREEAR R /NGB 2 AV 5 S K FH ( nasopharyn-
geal volume, NPV) [ tL{E i 2, H NPV 2 AV
FINPAV Z M, HAETHR A LU = AV/NPV
= AV/(AV+NPAV)

Flo JRFER (@) Sl X AUHE (B E) 1 =4k f @ B

Figure 6 3D reconstruction images of the adenoid ( green) and nasopharyngeal airway ( yellow)
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2.1 Z2JLAOGEIT 4T
LI AHI fE2h OSA 2 Witrift: AHI>1 /h B2
Wil OSA # L, 1<AHI<5 /h NI 5<AHI<
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Table 1 Demographic characteristics of children
i ggosa OEE e P
N4 42 38
AHI(¥/h)  3.39£1.06 7.09+1.79
5] 0.310  0.578
% 29 20
‘8 13 18
WS/ % 6.133  0.105
5 9.55+1.12  9.25+1.16
&L 9.31£1.03  9.31x1.67
BMI 73.985  0.511
% 17.74+3.89 16.53+2.26
s 15.71+1.83 15.93+2.38

2.2 CBCT M=Zftr5 AHI BHEXES R

K H Spearman AH G4 43 B X 43 & 45 bR 5
AHI A7 A R 50, 45 R 7R, AV/NPV 5 AHI
BIEME(P<0.05), 1M Ar-Go., Mx-Mx, Go-Go,
MAA V-RNA V-RPA Fil V-RLA 5 AHI & i 5¢
(P<0.05) , HAth I 45475 AHI Z [0 22 556501
L (P>0.05), W#E2,

F 2 CBCT MEGHr5 AHI YR30
Table 2 The correlation analysis between CBCT
measurement indicators and AHI

ity ry P
Ar-Go -0.232 0.039"
Mx-Mx -0.342 0.002*"
Go-Go -0.401 <0.001 "
AV/NPV 0.373 0.001*"
MAA -0.497 <0.001 "
V-RNA -0.371 0.001°"
V-RPA -0.443 <0.001 "
V-RLA -0.327 0.003 "
. "P<0.05, *"P<0.01, """P<0.001 ,

2.3 W AHI ARZER S EEESH

T AHI HEIES20 0, 2R AR A8 4 ( square
root transformation, SQRT) X} JiL &ifs £% 41 17k 17 &b B |
¢ Shapiro-Wilk 6 40 31E 52 , 28 # J5 1) BCHE 0 A7 285
L E M (P =0.686) , i [0 5 40 #7 X IE A MY

Sy IZ RSB — 25 5 o, R0 BMI X
AHI 22 1L 19 fift B¢ BE B2 AR, AR® = 0.002 [ Fy 4 =
0.067, P=0.935] , 7K E L, F A
AV/NPV, 87k AV/NPV (B=0.441, P<0.001) HA
IE [ T AHL 09 1E F, IF X AHL /9 28 16 f R T
17.9% 25 =25/ B N5 AHI A #H %19 CBCT
MR PRI E S, — RIVBEHL 55 B ML, LT
i % AHI A2 16 (9 i B 43 5l 02 Ar-Go (3.6%) |
Mx-Mx (8.9%) .Go-Go (11.4%) . MAA (17.6%) .
V-RNA(1.2%) .V-RPA(13.1% ) il V-RLA(8.8%) ,
Hr Mx-Mx ,Go-Go . MAA . V-RPA fl V-RLA %
PIA G478 L (P<0.05) , HoAh I 245 b5 22 5% o 50
R X (P>0.05), W3,

F 3 #EBIPES] BMI il AV/NPV J5 347402 BEH 4547

Table 3 Hierarchical regression analysis was performed after controlling for sex, BMI and AV/NPV

IR 2 IR A 5t BEMETNA & (bR B, P) BT R? AR? P
F— #51, BMI

B P34, BMI, AV/NPV AV/NPV (0.441, 0.000) 0.181 0.179"* 0.002
B

PR #E5, BMI, AV/NPV, Ar-Go  AV/NPV (0.446, 0.000), Ar-Go (-0.192, 0.067)  0.217 0.036"" 0.001
PR 2 P51, BMI, AV/NPV, Mx-Mx  AV/NPV (0.408, 0.000) , Mx-Mx (-0.330, 0.003)  0.270 0.089**"  <0.001
L XiTK] #E5, BMI, AV/NPV, Go-Go  AV/NPV (0.322, 0.003), Go-Go (-0.404, 0.001)  0.295 0.114*"*  <0.001
BT 4 P£5], BMI, AV/NPV, MAA AV/NPV (0.365, 0.000) , MAA (-0.427, 0.000)  0.357 0.176""*  <0.001
P 5 5], BMI, AV/NPV, V.RNA  AV/NPV (0.294, 0.097), V-RNA (-0.191, 0.290)  0.193 0.012""" 0.003
B 6 5], BMI, AV/NPV, V.RPA  AV/NPV (0.311, 0.004), V-RPA (-0.384, 0.000)  0.312 0.131°*"  <0.001
*ﬁiﬂ 7 5], BMI, AV/NPV, V-RLA  AV/NPV (0.395, 0.000) , V-RLA (-0.301, 0.004)  0.269 0.088"""  <0.001
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"P<0.05, *"P<0.01, "*"P<0.001,
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HOX) AHL BB 22 R TCGE T L[ F (5 5, = 0.067,
P=0.935], %9 A AV/NPV, 25 75, AV/
NPV X 5 2 AR BTHRE N 17.9% , 25 7 A ST
R XL [AF | 56 = 16.629, P=0.002], AV/NPV

(B=0.441, P<0.001) 5 AHI £ FAHE, Al A %%
AHI, =4 A Mx-Mx ,Go-Go & MAA , 453 &
IR ETIHRE R 27.3%, £ R H Gt & X
[AF, ;5= 12.154, P<0.001] ., Mx-Mx (8=-0.207,
P=0.041) .Go-Go (B=-0.263, P=0.018) . MAA
(B=-0.346, P<0.001) R HAFIT¥E X, N
AHI T8 b5, F A 50 2 AR [ F o5 =
10.107, P<0.001 ] A] i B¢ AHI 54k 1) 45.4% F
40.9% (R* FIMEESS R?) . BLAk, 2522 07 2 WK B
TR PO EAE SRR 8, W3R 4,
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Table 4 The final hierarchical regression model

IR A b SE b’ t P KA VIF
£—-4 Hil(B=1,%=2) 0.027 0.129 0.024 0.211 0.834 0.963 1.039
BMI 0.006 0.018 0.039 0.334 0.739 0.963 1.039

B4 Mal(BH=1,&Z=2) -0.112 0.123 -0.100 -0.911 0.365 0.889 1.125
BMI 0.004 0.017 0.028 0.262 0.794 0.962 1.039

AV/NPV 1.322 0.324 0.441 4.078 <0.001 0.922 1.085

£ Mil(BH=1,&Z=2) -0.246 0.115 -0.221 -2.147 0.035 0.706 1.417
BMI 0.012 0.015 0.074 0.801 0.426 0.870 1.149

AV/NPV 0.843 0.287 0.281 2.941 0.004 0.819 1.221

Mx-Mx -0.039 0.019 -0.207 -2.083 0.041 0.760 1.315

Go-Go -0.028 0.011 -0.263 -2.422 0.018 0.636 1.572

MAA -0.002 0.001 -0.346 -3.809 <0.001 0.907 1.103

Step 1: R*=0.002, J#%J5 R*=-0.024, AR*=0.002,P=0.935
Step 2: R*=0.181, %5 R*=0.149, AR*=0.179, P=0.002

Step 3: R*=0.454, J*J5 R*=0.409, AR*=0.273, P<0.001
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FEM 1 R A IR SR/ ke, b
75 JLEE OSA W] BE-55 A8k AH G A 1 A< g I 3 AR
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