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Objectives: The proportionality between anatomical characteristics and disease severity in 
children and adolescents with obstructive sleep apnea (OSA) has not been well characterized. 
The present study investigated the relationship between the dentoskeletal and oropharyn-
geal features of young patients with OSA and either the apnea–hypopnea index (AHI) or the 
amount of upper airway obstruction.
Methods: MRI of 25 patients (8- to 18- year- old) with OSA (mean AHI = 4.3 events/h) was 
retrospectively analyzed. Sleep kinetic MRI (kMRI) was used to assess airway obstruction, 
and static MRI (sMRI) was used to assess dentoskeletal, soft tissue, and airway parameters. 
Factors related to AHI and obstruction severity were identified with multiple linear regression 
(significance level α = 0.05).
Results: As evidenced by kMRI, circumferential obstruction was present in 44% of patients, 
while laterolateral and anteroposterior was present in 28%; as evidenced by kMRI, obstructions 
were retropalatal in 64% of cases and retroglossal in 36% (no nasopharyngeal obstructions); kMRI 
showed a higher prevalence of retroglossal obstructions compared to sMRI(p = 0.037); the main 
obstruction airway area was not related to AHI; the maxillary skeletal width was related to AHI (β 
= −0.512, p = 0.007) and obstruction severity (β = 0.625, p = 0.002); and the retropalatal width was 
related to AHI (β = −0.384, p = 0.024) and obstruction severity (β = 0.519, p = 0.006).
Conclusions: In children and adolescents, the severity of OSA and obstruction were inversely 
proportional to the maxillary basal width and retropalatal airway width. Further studies are 
needed to assess the benefits of targeted clinical treatments widening the transverse dimension of 
these structures.
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Introduction

Background
Pediatric obstructive sleep apnea (OSA) has a multi-
factorial pathogenesis that may include lymphoid 
tissue hypertrophy, soft tissue enlargement, and altered 
craniofacial morphology.1–3 Although continuous posi-
tive airway pressure reduces mortality, early diagnosis 
may have a greater impact on disease complications,4 
and accurate diagnostics are fundamental for targeted 
clinical treatments.2,5 For example, the decision to use a 
mandibular advancement device, which repositions the 
tongue anteriorly by moving the lower jaw forward,6 or 
to perform rapid maxillary expansion, which widens the 
oral cavity by opening the midpalatal suture,7 may be 
based on the type and level of airway obstruction.

MRI is a non- ionizing method that can be safely used 
in children,8 allowing a three- dimensional analysis that 
overcomes the limitations of two- dimensional X- rays.9 
In particular, compared to static MRI (sMRI), kinetic 
MRI (kMRI) provides dynamic assessment owing to 
more accurate diagnosis for childhood OSA,2,10 and 
it can be performed during induced sleep, which may 
guide therapy better than awake assessments.11 kMRI 
also allows quantitative measurements and can be 
paired with sMRI for evaluating the dual—”soft” and 
“hard”—anatomical components that contribute to 
obstruction onset.1

Reports showing kMRI findings in asleep children 
with OSA are scarce. One study compared changes 
in airway shape during tidal breathing between 10 
children with OSA and 10 controls.12 A second study 
compared kMRI and drug- induced sleep endos-
copy (DISE) in identifying airway obstruction in 15 
children and adolescents with persistent OSA after 
adenotonsillectomy.13 A third study presented 15 chil-
dren with Down syndrome and persistent OSA after 
adenotonsillectomy,8 and a final study compared the 
patterns of  dynamic airway motion and adenoid and 
tonsil size between 16 young patients with OSA and 16 
controls.14 Interestingly, a previous work has observed a 
“dose–response” relationship between the apnea–hypo-
pnea index (AHI) and some anatomical characteristics 
of  the airway in adolescents,2 which deserves further 
investigation.

Aim and hypothesis
The present study investigated the relationship between 
anatomical factors and both OSA severity and the 
degree of dynamic upper airway obstruction during 
sleep using kMRI in children and adolescents in Hong 
Kong. The primary hypothesis was that the main 
obstruction airway area (from sleep kMRI) was posi-
tively correlated with the AHI. The secondary hypoth-
esis was that the static anatomical parameters (from 
sMRI) were correlated either to the AHI or to the main 
obstruction area (from sleep kMRI).

Methods

Participants
Clinical records of children and adolescents in Hong 
Kong from the Department of Pediatrics of Kwong 
Wah Hospital were screened retrospectively. Records 
of patients up to 18- year- old and with OSA (AHI ≥1.0 
events/h) who received both sMRI and kMRI for upper 
airway assessment were further analyzed. Children 
presenting with craniofacial syndromes, cleft palate, or 
history of previous surgical or orthodontic treatment 
of the maxillofacial region were excluded. MRI records 
showing evident motion artifacts or swallowing action 
were also excluded, and 25 patients were identified. The 
sample size was based on the minimum requirement 
of 25 patients for performing linear regression anal-
ysis,15 with the inclusion of up to six independent vari-
ables.16 The study was approved by the Research Ethics 
Committee of the Hospital Authority Hong Kong 
Kowloon Central Cluster and Kowloon East Cluster 
(KC/KE- 20–0318/ER- 4).

PSG and MRI acquisition
In- bed overnight polysomnography (PSG) was 
performed in a pediatric sleep laboratory by a physi-
cian specialist in sleep medicine and a polysomno-
graphic technologist. PSG recording and scoring were 
performed according to the guidelines of the American 
Academy of Sleep Medicine.

MRI scans were obtained (Achieva XR 1.5 Tesla, 
Philips Medical Systems, Best, Netherlands) with 
patients positioned supine with the head in neutral posi-
tion. The sagittal plane was oriented on the midline. 
First, a pre- sedation sMRI was obtained with proton 
density (PD)- weighed turbo spin echo (TSE) images 
on the sagittal and axial planes (3.0 mm slice thickness, 
0.3 mm slice gap, 0.7 × 0.7 mm voxel size, 10.0 ms time 
to echo, 4300.0 and 5153.0 ms repetition time, respec-
tively). Second, a pre- sedation kMRI was obtained on 
the sagittal plane to locate the main obstruction site. 
Last, a post- sedation kMRI was obtained on the axial 
plane (at the identified site) to assess the main obstruc-
tion. kMRI was obtained with T1 weighted turbo field 
echo (TFE) images (single- slice, 10.0 mm thickness, 1.0 
× 1.0 mm voxel size, 1.0 s temporal resolution, 120 scans, 
3.7 ms time to echo, 7.6 ms repetition time). Sedation 
was performed by an anesthesiologist to simulate the 
sleep condition, after oral administration of melatonin 
45 min prior to MRI acquisition (to all patients beside 
one). Sedation was obtained via intravenous administra-
tion of midazolam and fentanyl (to all patients beside 
one who received only fentanyl and melatonin, and two 
who received only melatonin).

Measurements
Demographic data (age, sex, weight, and height at the 
time of PSG) were retrieved from medical records, body 
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mass index (BMI) was calculated (weight/height),2 and 
AHI was retrieved from PSG records. Skeletal maturity 
was estimated by using the cervical vertebral maturation 
(CVM) method.17 Pre- sedation kMRI on the midsag-
ittal plane was used to assess the main obstruction level 
(nasopharyngeal, retropalatal, and retroglossal). Post- 
sedation kMRI on the axial plane (a single 10- mm- thick 
slice) was used to assess the airway area (defined as the 
smallest area during airway motion) at the level of the 
main obstruction, and the obstruction type (antero-
posterior, laterolateral, and circumferential) (Figure 1). 
sMRI was used to assess dentoskeletal, soft tissues, 
and upper airway morphology, and also to assess 

the main obstruction level on the midsagittal plane 
(Figures 2 and 3). Measurements were taken with dedi-
cated software (Carestream v. 11.1, Carestream Health, 
Rochester, New York, USA) (Supplementary Figures 
and Tables).

Bias control, method error and agreement
Records were measured by a radiologist (K.K.F.F., for 
soft tissues and airway measurements) and by an ortho-
dontist (F.S., for dentoskeletal measurements). Assessors 
were calibrated on five OSA patients who were excluded 
from the study. The assessors remeasured all records 
after a washout period of approximately 1 month. The 
intraassessor agreement of continuous variables was 
calculated with the intraclass correlation coefficient 
(ICC), and the intraassessor agreement of categorical 
variables was calculated with Cohen’s k- coefficient. The 
method error was estimated with Dahlberg’s formula.18

Statistical analysis
For continuous variables, the average between the 
measurements repeated by the same assessor was used. 
For categorical variables, in case of disagreement 
between repeated measurements, a further pair of cali-
brated assessors with similar backgrounds was involved 
(W.S.M. and M.G., respectively). For continuous vari-
ables that were measured on both the left and right sides, 
the mean was used.

Multiple linear regression models were created 
setting either the AHI or the area at the main obstruc-
tion on the axial plane of sleep kMRI as the outcome 
variable. The independent variables were dentoskeletal, 
soft tissue, and airway parameters. For outcome vari-
ables, outliers were excluded to avoid undermining the 
validity of the statistical model.19 Linearity, homosce-
dasticity, and normality of the distribution of the resid-
uals were checked. Age, sex, height, CVM, BMI, and 
axial parapharyngeal fat pads maximum area (PFPA) 
were used (isolated or in combination) to adjust the 

Figure 1 Representative midsagittal kMRI image used for the identification of the main obstruction level (A). Representative serial kMRI 
images of the retropalatal area (B) and retroglossal area (C), with respective change of the main obstruction area over time (1, airway initially 
dilated; 2, airway obstructed with minimum area used for measurement; 3, airway finally dilated). Representative axial kMRI images showing 
anteroposterior (D1), laterolateral (D2), and circumferential (D3) obstruction.

Figure 2 Midsagittal plane analysis on sMRI. Dentoskeletal param-
eters are reported in green, soft tissue parameters in purple, and upper 
airway parameters in yellow: anterior nasal spine (ans); posterior 
nasal spine (pns); first cervical vertebra (C1); second cervical vertebra 
(C2); third cervical vertebra (C3); anterior hyoid (AH); retropogonion 
(RPg); menton (Me); basion (Ba); vallecula (V); tongue tip (T); supe-
rior part of the tongue (t); togue area (TA); soft palate area (SPA); 
adenoids area (AA); uvula (U); retropalatal area (RPA); retropalatal 
length (RPL); retroglossal area (RGA); retroglossal length (RGL).
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linear regression models. PFPA was used in addition to 
BMI because it may better represent visceral adiposity in 
the neck.20 For each parameter, unadjusted and adjusted 
linear regression models were developed, and those with 
higher adjusted coefficient of determination (R2) values 
were presented. The prevalence of the main obstruction 
level was compared between presedation kMRI and 
sMRI with the Pearson χ2 test. Data were analyzed with 
statistical software (SPSS v. 23.0, IBM, Armonk, New 
York, USA) at significance α = 0.05.

Results

Method error and agreement
Posterior nasal laterolateral width was excluded from the 
regression models due to poor intraassessor agreement 
(ICC = 0.489). Dentoskeletal measurements showed fair 
to excellent intraassessor agreement (ICC from 0.608 to 
0.987), similar to soft tissue measurements (ICC from 
0.505 to 0.963), and airway measurements showed good to 
excellent agreement (ICC from 0.741 to 0.965). Obstruc-
tion type (k = 0.761) and level (k = 0.754) on kMRI showed 
substantial agreement, while obstruction level on sMRI (k 
= 0.505) and CVM staging (k = 0.516) showed moderate 
agreement. The method error was 4.9° for the angular 
measurement (sagittal soft palate inclination), ranged from 
0.6 mm (upper dental arch width) to 4.6 mm (mandib-
ular internal basal width) for linear measurements, and 
ranged from 7 mm2 (maximum obstruction airway area) to 

140 mm2 (sagittal tongue area) for the area measurements 
(Supplementary Table 3).

Descriptive statistics
The sample included 22 males (88%) and 3 females 
(12%). Patients had a mean age of  13.4 years (SD = 
3.1), ranging from 8.1 to 18.4 years, and presented 
a mean BMI of  20.5 kg/m2 (SD = 5.1), ranging from 
13.3 to 31.7 kg/m2. Skeletal maturation assessment 
showed that 4 patients were at the pre- pubertal skel-
etal growth stage (CVM 3, 16%), and 21 were at the 
post- pubertal stage (CVM 4 to 6, 84%). 10 patients 
received adenotonsillectomy (two patients received 
lingual frenotomy, two patients received turbinate 
reduction, and one patient received pharyngoplasty) 
before MRI and PSG assessment. The mean AHI 
was 4.3 events/h (SD = 5.9), ranging from 1.0 to 30.1 
events/h (Table 1).

The kMRI showed that the main obstruction was 
retropalatal in 16 cases (64%) and retroglossal in 9 (36%), 
with no cases of nasopharyngeal obstruction. Of these, 
11 obstructions were circumferential (44%), 7 latero-
lateral (28%), and 7 anteroposterior (28%). The sMRI 
showed that the main obstruction was retropalatal in 22 
cases (88%) and retroglossal in 3 cases (12%), with no 
case of nasopharyngeal obstruction. A significant differ-
ence (p = 0.037) was present between pre- sedation kMRI 
and sMRI in the assessment of the main obstruction 
level.

Figure 3 Axial plane analysis at the nasopharyngeal, retropalatal, and retroglossal levels on sMRI. Dentoskeletal parameters are reported in 
green, soft tissue parameters in purple, and upper airway parameters in yellow: anterior nasal width (ANW); posterior nasal width (PNW); jugal 
point (J); first upper right molar (16); first upper left molar (26); first lower right molar (36); first lower left molar (46); external mandibular width 
(GoEXT); internal mandibular width (GoINT); adenoids area (AA); palatal tonsils area (PTA); parapharyngeal fat pads area (PFPA); pterygoid 
muscle area (PA); nasopharyngeal area (NPA); retropalatal area (RPA); retroglossal area (RGA). The images do not represent the exact level at 
which the measurements were taken (as it would have required one image for each parameter): ANW- ANW and PNW- PNW at the most inferior 
level where the nasal septum is still visible; AA at the level where larger; NPA on the slice closer to posterior nasal spine; 16–26 at the level where 
the pulp chamber is more visible; J- J at the level of the apex of the upper first molar dental roots; PTA, PA, and PFPA at the level where largest; 
RPA on the slice where the airway is narrower between posterior nasal spine and uvula; 36–46 at the level where the pulp chamber is more visible; 
GoEXT- GoEXT and GoINT- GoINT at the level of the apex of the lower first molar dental roots; RGA on the slice where the airway is narrower between 
uvula and tongue base.
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Table 1 Descriptive statistics of demographic data and of the variables used for the assessment of sleep, dentoskeletal structures, soft tissues, 
and airway

Method Unit Mean SD Min Max

Demographic parameters

Age Clinical folder years 13.4 3.1 8.1 18.4

Height Clinical folder cm 149.7 18.2 101.3 176.0

Weight Clinical folder kg 48.3 19.3 13.8 83.1

BMI Clinical folder kg/m2 20.5 5.1 13.3 31.7

Sleep parameters

AHI PSG events/h 4.3 5.9 1.0 30.1

Dentoskeletal parameters

Maxillary anteroposterior length sMRI mm 50.5 7.9 24.5 61.1

Hyoid superoinferior position sMRI mm 58.9 9.5 43.1 75.2

Hyoid anteroposterior position with respect to vertebrae sMRI mm 30.7 5.0 21.1 42.0

Hyoid anteroposterior position with respect to chin sMRI mm 28.7 5.2 19.1 36.9

Maxillomandibular anteroposterior relationship sMRI ° 3.5 3.4 −1.5 10.5

Lower anterior facial height sMRI mm 67.5 6.9 52.7 79.3

Retromandibular anteroposterior space sMRI mm 57.1 7.5 43.9 74.2

Retromaxillary anteroposterior space sMRI mm 27.8 4.0 15.8 36.2

Maxillary basal laterolateral width sMRI mm 65.6 4.9 55.0 74.5

Anterior nasal laterolateral width sMRI mm 21.6 1.9 18.8 26.9

Posterior nasal laterolateral width sMRI mm 27.7 3.3 22.1 37.9

Upper dental arch laterolateral width sMRI mm 35.1 3.1 27.8 42.6

Mandibular external basal laterolateral width sMRI mm 80.9 6.5 65.8 92.7

Mandibular internal basal laterolateral width sMRI mm 41.6 6.6 28.5 56.8

Lower dental arch laterolateral width sMRI mm 36.1 3.3 29.6 42.4

Soft tissue parameters

Sagittal adenoids area sMRI mm2 216.5 79.6 103.6 412.3

Sagittal tongue area sMRI cm2 24.6 5.7 12.8 37.0

Sagittal tongue length sMRI mm 67.8 8.9 47.3 83.3

Sagittal tongue thickness sMRI mm 38.1 4.7 28.5 47.3

Sagittal soft palate area sMRI mm2 271.4 57.1 161.9 352.6

Sagittal soft palate length sMRI mm 30.1 4.0 22.1 38.4

Sagittal soft palate inclination sMRI ° 124.3 8.5 108.7 137.8

Sagittal soft palate thickness sMRI mm 9.9 1.0 7.5 11.6

Axial palatal tonsils maximum area sMRI mm2 174.2 72.6 12.1 315.1

Axial parapharyngeal fat pads maximum area sMRI mm2 88.2 36.0 31.9 168.2

Axial pterygoid muscle maximum area sMRI mm2 302.0 79.6 192.5 500.2

Axial adenoids maximum area sMRI mm2 420.9 89.9 233.1 597.5

Airway parameters

Main obstruction airway area kMRI mm2 45.7 34.2 1.3 139.9

Sagittal retropalatal area sMRI mm2 198.4 57.5 29.5 298.8

Sagittal retropalatal craniocaudal length sMRI mm 25.4 4.6 15.2 35.7

Sagittal retroglossal area sMRI mm2 362.9 109.8 162.0 541.1

Sagittal retroglossal craniocaudal length sMRI mm 34.3 5.9 20.8 46.4

Axial nasopharyngeal airway area sMRI mm2 201.8 108.1 30.7 430.1

Axial nasopharyngeal maximum anteroposterior diameter sMRI mm 11.8 5.4 4.3 22.8

Axial nasopharyngeal maximum laterolateral diameter sMRI mm 21.4 5.0 9.7 29.9

Axial retropalatal airway area sMRI mm2 51.9 38.7 12.4 166.5

Axial retropalatal maximum anteroposterior diameter sMRI mm 5.9 2.7 2.0 13.3

Axial retropalatal maximum laterolateral diameter sMRI mm 10.8 4.1 4.9 19.4

Axial retroglossal airway area sMRI mm2 95.8 45.3 23.7 193.4

Axial retroglossal maximum anteroposterior diameter sMRI mm 10.5 4.2 4.6 22.0

Axial retroglossal maximum laterolateral diameter sMRI mm 12.4 4.4 3.3 20.1

AHI = apnea–hypopnea index; BMI = body mass index; Max = maximum; Min = minimum;PSG = polysomnography;SD = standard deviation; kMRI = kinetic magnetic 
resonance imaging;sMRI = static magnetic resonance imaging.

D
ow

nloaded from
 https://academ

ic.oup.com
/dm

fr/article/52/5/20220422/7280300 by Biblioteca della Facoltà di Ingegneria - U
niversità degli Studi di Brescia user on 31 O

ctober 2024

http://birpublications.org/dmfr


 birpublications.org/dmfr

6 of  10

Dentomaxillofac Radiol, 52, 20220422

Craniofacial anatomy in childhood obstructive sleep apnea
Savoldi et al

Linear regression models
Diagnostics of the linear regression models were 
performed (Supplementary Material 1). The main 
obstruction airway area was not related to the AHI.

Maxillary basal laterolateral width (β = −0.498, p 
= 0.013), sagittal soft palate length (β = −0.433, p = 
0.035), axial nasopharyngeal (β = −0.559, p = 0.004) and 
retropalatal (β = −0.407, p = 0.048) maximum latero-
lateral width were inversely correlated with the AHI 
(Table  2). However, by adjusting for sex, age, height, 
BMI, CVM, and PFPA, only maxillary basal laterolat-
eral width (β = −0.573, p = 0.008) and axial retropalatal 
maximum laterolateral width (β = −0.408, p = 0.040) 
were still correlated with AHI (Figure 4, Table 2).

Maxillary basal laterolateral width (β = 0.414, p 
= 0.040), axial retropalatal airway area (β = 0.415, 
p = 0.039), and axial nasopharyngeal (β = 0.466, p = 
0.019) and retropalatal (β = 0.536, p = 0.006) maximum 
laterolateral width were directly correlated to the 
main obstruction area on kMRI, while sagittal tongue 
length (β = −0.426, p = 0.034) was inversely related to 
it (Table 3). However, by adjusting for sex, age, height, 
BMI, CVM, and PFPA, only the maxillary basal latero-
lateral width (β = 0.633, p = 0.011), axial retropalatal 
airway area (β = 0.507, p = 0.024), axial nasopharyn-
geal maximum laterolateral width (β = 0.649, p = 0.004) 
and axial retropalatal maximum laterolateral width (β 
= 0.515, p = 0.016) were still correlated with the main 
obstruction area on kMRI (Table 2 and Figure 4).

Discussion

Relationship between obstruction and severity of OSA
The present study aimed to identify factors related to the 
severity of the disease in patients with OSA and not to 
explain its etiopathogenesis compared to healthy individ-
uals, since this would require a control group. Perhaps 
surprisingly, the main obstruction area of the airway that 
was assessed with kMRI during induced sleep was not 
correlated to the AHI. It is possible that the proportion-
ality between these variables was not linear, compromising 
the ability of the linear model to detect it.21 However, it 
is also possible that no proportionality existed between 
OSA severity and amount of dynamic airway obstruction 
during sleep in this group of patients, which is in agree-
ment with a previous study comparing PSG findings with 
static airway assessment in awake patients.22

Relationship between anatomical structures and severity of 
OSA
Anatomical factors measured in awake patients showed 
some relationship with the severity of OSA. The first 
is the width of the retropalatal airway, which findings 
agree with a previous controlled study showing that the 
laterolateral dimension of the airway, especially at the 
retropalatal level, is among the most relevant factors 
for the onset of OSA.23 It is worth noting that 40% 
of the patients included in the present study received T
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adenotonsillectomy, which may explain the low prev-
alence of obstructions at the nasopharyngeal level but 
may also bias the relevance of these structures in the 
presented analysis. In fact, a previous study in obese 
adolescents showed a significant correlation between 
adenoid and tonsil volume and AHI,2 and the contri-
bution of lymphoid tissue to OSA severity reported in 
the present study should be interpreted with caution.
The second factor is the width of the maxillary basal 
bone. Although previous studies showed no differences 
in maxillary width between children with OSA and 
controls,1–3 measurements were based on the dental 
structure, which did not appear to be significant in the 
present work as well. In fact, a meta- analysis reported 
a reduction in the AHI following skeletal maxillary 
expansion,24 and the present study may be the first 
report showing a negative correlation between the skel-
etal width of the maxillary basal bone and the AHI.

Relationship between anatomical structures and severity 
of obstruction
Defining the presence of obstruction may be more chal-
lenging than fixing an AHI value for diagnosing OSA. 
The mean obstruction area on kMRI during induced sleep 
was 45 mm2, and it is uncertain whether such values may 
correspond to clinically relevant obstructions. A previous 
study using sMRI showed a mean minimum oropharyn-
geal cross- sectional area of 50 mm2 in 4- to 15- year- old 
children with OSA,1 which is compatible with the present 

findings. According to another study using kMRI,12 no 
complete airway obstruction was noticed, except for one 
patient with an almost complete obstruction (1.3 mm2). 
Nevertheless, it is also possible that induced sleep may 
not replicate natural sleep well, or that the duration 
of the kMRI acquisition was not long enough to allow 
obstruction to happen (as a mean of 4.3 obstructive 
events were present every hour). The basal laterolateral 
width of the maxilla was correlated with the amount of 
obstruction during induced sleep. Direct proportionality 
was present, meaning that the larger the skeletal base of 
the maxilla was, the larger the airway area was (i.e. the 
less severe the obstruction was). Accordingly, widening 
of the skeletal base of the maxilla has been associated 
with enlargement of the airway in children with OSA.22 
Even though the present findings may be interpreted such 
that the larger the expansion is, the greater the reduction 
of the obstruction, biological limits should be carefully 
considered because of possible adverse effects related to 
excessive maxillary expansion.25,26 This said, sleep kMRI 
showed that almost half of the patients had circumfer-
ential collapse, while the remaining patients were equally 
distributed between latero- lateral collapse and antero-
posterior collapse. Unfortunately, the sample size did not 
allow a subanalysis based on the obstruction type, and 
further studies are advisable for understanding the effect 
of phenotypic subtyping on the importance of maxillary 
skeletal width.27 The relevance of the laterolateral compo-
nent was further supported by the fact that retropalatal 

Figure 4 Scatter plots and trend lines representing the most relevant parameters (significant in all models of the linear regression analysis). 
Bivariate correlations between the AHI and static anatomical parameters (left) and between the main obstruction airway area on kMRI and static 
anatomical parameters (right) are reported. Regression equations and Pearson’s correlation coefficents (r) are reported for each regression line. 
AHI, apnea–hypopnea index; kMRI, kinetic MRI
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and retroglossal maximum laterolateral widths were the 
most significant predictors of obstruction severity among 
the airway measurements. In fact, the thickness of the 
muscles of the lateral pharyngeal walls may have a critical 
role in apneic patients.23

Comparison between static and kinetic MRI
A significant reduction in the prevalence of retropalatal 
collapse, together with a respective increase in the preva-
lence of retroglossal collapse, was noticed from static to 
kinetic MRI. In fact, OSA is a dynamic phenomenon, 
and static imaging alone may not be suitable for its 
analysis.28 Changes in the main obstruction level might 
also be expected after sedation, as sleep influences the 
dynamics of OSA.11 However, in the present study, the 
level of collapse was identified on the sagittal plane of 
pre- sedation kMRI, and post- sedation kinetic imaging 
was performed on the axial plane of this identified level. 
Thus, any change in the main level of obstruction from 
pre- to post- sedation may have reduced the validity of 
the presented assessment.

Limitations
The prevalence of males was approximately seven times 
higher than the prevalence of females. Accordingly, sleep- 
disordered breathing has a higher prevalence in males.29 
In particular, the vast majority of patients included in 
the present study were at post- pubertal skeletal growth, 
and sex- related differences are more likely to emerge after 
puberty.30 In addition, despite the anesthesiologist aimed 
at achieving a level of sedation that was similar to deep 
sleep, it is possible that the sedation level was not equal 
among patients. Although limiting the analysis to Chinese 
children from Hong Kong has addressed the reported 
need to include more ethnically diverse populations in this 
area of research,27 it may also have limited the applica-
bility of these findings to other populations. Prospective 
kMRI studies in asleep children, preferably with stratified 
sampling based on OSA severity and obstruction type, 
are advisable to clarify the clinical outcomes of ortho-
dontic and surgical treatments affecting maxillary and the 
retropalatal airway anatomy.

Conclusions

Within the limitations of the present study and related 
to non- syndromic children and adolescents from Hong 
Kong with OSA, the MRI assessment showed that:

• A greater width of the maxillary basal bone was pro-
portional to less severe OSA and to less severe upper 
airway obstruction during induced sleep.

• Static measurement of the nasopharyngeal and ret-
ropalatal laterolateral width of the airway in awake 
patients were the most significant predictors of the 
severity of both OSA and airway obstruction during 
induced sleep.

• Differences were present between static and dynam-
ic airway assessments regarding the level of collapse 
in awake patients, and complementary dynamic as-
sessment might be advisable for better diagnosis and 
treatment planning.
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