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Changes in the upper airway and its surrounding structures after

bimaxillary surgery in patients with cleft-related Class III deformity

Chung-Yi Hoa; Ting-Chen Lub; Yuh-Jia Hsiehc; Chun-Shin Changd; Ying-An Chenb;
Yu-Fang Liaoe

ABSTRACT
Objectives: To compare upper airway changes following bimaxillary surgery for correction of
Class III deformity between patients with unilateral cleft lip and palate (UCLP) and bilateral cleft lip
and palate (BCLP) and to compare the preoperative and postoperative upper airway among patients
with UCLP and BCLP to healthy controls.
Materials and Methods: Sixty adults with CLP-related skeletal Class III deformity (30 UCLP and
30 BCLP) who consecutively underwent bimaxillary surgery were studied retrospectively. Cone-beam
computed tomography (CBCT) was performed before and after surgery to measure upper airway and
movements of facial skeletal and surrounding structures. CBCT images from 30 noncleft skeletal
Class I adults, matched by age, gender, and body mass index and without surgical intervention,
served as controls.
Results: After surgery, the volume of the nasopharynx increased in patients with CLP (both P ,
.001). Patients with CLP did not differ from controls in postoperative volume of the nasopharynx
or oropharynx. However, the nasal cavity differed significantly between patients with CLP and
controls (P , .001).
Conclusions: After bimaxillary surgery, the nasal cavity of patients with CLP differed significantly
compared with the controls. Volumes of the nasopharynx and oropharynx did not differ between
patients with CLP after surgery and controls. (Angle Orthod. 2024;94:441–447.)
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INTRODUCTION

Skeletal Class III deformity is frequently seen in patients
with repaired cleft lip and palate (CLP), which is charac-
terized by maxillary retrognathism in three dimensions.1,2

Orthognathic surgery (OGS) is the most common treat-
ment to correct this jaw discrepancy in adults. Because a
protrusive mandible is not uncommon in Asian popula-
tions, cleft OGS treatment has evolved from simple maxil-
lary advancement for correction of malocclusion to the
current patient-centered approach, which focuses on
maxillofacial reconstruction using bimaxillary surgery
to provide a favorable facial profile and symmetry.3–5 A
Le Fort I advancement, bilateral sagittal split osteotomy
(BSSO) setback, and optional genioplasty is the com-
mon design.3–5

Although bimaxillary surgery results in more favorable
facial esthetics,3–5 it remains questionable whether two-
jaw surgery compromises the upper airway. This is
because maxillary advancement increases the upper air-
way in patients with Class III deformity without clefts, but
mandibular setback decreases the upper airway.6–8
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Appraising the preoperative and postoperative upper air-
way of treated patients may provide valuable information
to allow adjustments to the current patient-centered prac-
tice to balance facial esthetics and the upper airway.
Previous studies have measured changes in the upper

airway after cleft OGS. These studies primarily measured
outcomes from lateral cephalograms, which limits three-
dimensional (3D) assessment of the airway by not captur-
ing its width.9,10 Two studies used computer tomography
(CT) or cone-beam CT (CBCT) to assess the upper air-
way after cleft OGS11,12; however, the lack of a healthy
control group in these studies made it unclear whether
the airway change was a risk factor for obstructive sleep
apnea (OSA). Also, the 3D effects on the upper airway
and its surrounding structures (soft palate, tongue,
hyoid) and their interactions in patients with cleft-related
Class III deformities undergoing bimaxillary surgery have
not been systematically studied.
This study aimed to (1) evaluate changes in the upper

airway and its surrounding structures after bimaxillary
surgery in patients with CLP-related Class III deformity,
(2) compare the preoperative and postoperative upper
airway of patients with CLP-related Class III deformity
with healthy controls matched by age, gender, and body
mass index (BMI), and (3) identify predictors for postop-
erative oropharyngeal volume changes in patients with
CLP-related Class III deformity.

MATERIALS AND METHODS

Patients With CLP

Sixty Taiwanese adults (age �18 years) with second-
ary CLP (30 unilateral CLP [UCLP] and 30 bilateral CLP
[BCLP]) and skeletal Class III deformity (ANB angle �2°)
were selected based on the following inclusion criteria: (1)
primary lip and palate repair, (2) secondary alveolar bone
grafting from the iliac crest, (3) consecutive Le Fort I (one-
piece) advancement and BSSO setback surgery by
attending surgeons at the Chang Gung Craniofacial
Center during a 5-year period, (4) virtual surgical design
and postsurgical orthodontic treatment by a single ortho-
dontist, and (5) CBCT evaluation at two time points,
before and after surgery. The exclusion criteria were (1)
history of pharyngeal flap surgery, (2) presence of genetic
syndromes, (3) age �50 years or BMI �30 kg/m2, and
(4) unclear CBCT. The study was approved by the
Chang Gung Memorial Hospital’s institutional review
board (202200845B0).
A power analysis for a two-tailed independent t-test

indicated that the minimum sample size to yield a sta-
tistical power of at least .8 with an alpha of .01 and a
medium effect size was 52 (26 in each group; G*power,
Düsseldorf, Germany).

Control Patients

Patients with CLP were matched by age (65 years),
gender, and BMI (65 kg/m2) with 30 Taiwanese adults
(age �18 years) with skeletal Class I (2° , ANB angle
, 5°) and Class I occlusion. Controls were selected
from patients who had undergone CBCT at the dental
department for other treatments such as implants or
third molar extractions. Controls were excluded based
on the following criteria: (1) craniofacial anomaly; (2)
anterior open bite; (3) significant facial asymmetry; (4)
history of craniofacial surgery; (5) history of habitual,
chronic snoring and sleep-related respiratory prob-
lems; (6) chronic respiratory disease such as asthma
or bronchopulmonary dysplasia; and (7) age �50 years
or BMI �30 kg/m2.

CBCT

CBCT of the head and neck was performed dur-
ing wakefulness before treatment (T0) for control
patients and before surgery (T0) and after surgery
(T1, at orthodontic debonding) for patients with CLP
using an i-CAT 3D Dental Imaging System (Imaging
Sciences International, Hatfield, Penn) with 120
kVp, 0.4 mm voxel size, 40-second scan time, and
20 cm 3 20 cm field of view. The patient’s head was
positioned in an upright natural head position with
the Frankfort horizontal (FH) plane parallel to the
ground. Throughout the scan, patients were instructed
to breath slowly, not to swallow, and to maintain a centric
occlusion bite.
Images were stored in the Digital Imaging and Com-

munications in Medicine (DICOM) format and ren-
dered into volumetric images using Avizo (standard
software version 7.1.1, VSG, Bordeaux, France),
segmented, and analyzed by one investigator who
was blinded to the treatment history. Before analysis,
3D images were reoriented as follows: (1) the axial
plane was the FH plane, defined by the best-fit plane
through the bilateral orbitale and porion; (2) the mid-sag-
ittal plane (MSP) was perpendicular to the FH plane,
passing through nasion (N) and basion (Ba); and (3) the
coronal plane was perpendicular to the MSP and FH
plane through N. Cranial structures were used to super-
impose the CBCT images taken at T0 and T1 to posi-
tion them in the same 3D coordinates (x, y, z) with N
as the zero point.

Upper Airway Caliber

The 3D airway model was segmented using a semi-
automatic region method with a fixed Hounsfield thresh-
old value (�2000 Hounsfield unit [HU] to �200 HU). The
upper airway was divided into three segments, and the
volume of each segment was measured: nasal cavity,
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nasopharynx, and oropharynx (Figure 1). The value and
location of the minimal cross-sectional area and minimal
anteroposterior dimension in the oropharynx were mea-
sured and recorded.

Movement of Facial Skeleton and Surrounding
Structures

Postsurgery, movement of the facial skeleton (max-
illa and mandible) was assessed by preoperative to
postoperative changes at six landmarks: anterior nasal
spine (ANS), A point, posterior maxillary point (PMP), B
point, pogonion (Pog), and menton (Me) (Figure 2).
Changes in the palatal plane (SN-PP) and mandibular
plane (SN-MP) were also recorded.
Movement of the surrounding structures (soft pal-

ate, tongue, hyoid) postsurgery was assessed by pre-
operative to postoperative changes at the centroid and
tip of the soft palate, centroid of the tongue, and hyoid
on the midsagittal slice (Figure 3). Change in head posture
(SN-C2) was also recorded.

Error Study

To assess measurement error, all CBCTmeasurements
were carried out by the same investigator for 10 randomly
selected cases (five T0 and five T1), separated by a
2-week interval. Reliability of CBCT measurements,
evaluated by the intraclass correlation coefficient (ICC),
was excellent (the mean ICC value was .994; 95% confi-
dence interval, .956 to .999). Systematic error, evaluated
by paired t-tests, indicated nonsignificant systematic
errors (P . .05).

Statistical Analysis

Statistical analyses were performed using the statistical
software package SPSS version 20.0 (SPSS Inc, Chi-
cago, Ill). CBCT data and demographics were compared
among two or three groups using independent t-test or
one-way analysis of variance, respectively. CBCT data
were compared before and after surgery using paired
t-test. Stepwise multiple regression analysis was used
to identify important predictors including demographics
(age, gender, BMI), pretreatment features, and treatment
changes in the facial skeleton and surrounding structures
for postoperative volume of the oropharynx. A statistically
significant level of P � .01 was set to account for multiple
comparisons.

Figure 1. Midsagittal slice of a CBCT image demonstrating
upper airway segmentation: nasal cavity (NC), from the base of
the nostrils to the coronal plane passing through the posterior
maxillary point (PMP); nasopharynx (NP), from the coronal plane
passing through the PMP to the axial plane passing through the
PMP; and oropharynx (OP), from the axial plane passing through
the PMP to the axial plane passing through the base of the
epiglottis.

Figure 2. Three-dimensional reconstruction showing facial skeletal
landmarks: posterior maxillary point (PMP), anterior nasal spine
(ANS), A point (A), B point (B), pogonion (Pog), and menton (Me).
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RESULTS

Characteristics

Thirty patients with UCLP, 30 patients with BCLP, and
30 control patients were studied. All control patients had
normal craniofacial development and intact tonsils. The
ANB angle was smallest in UCLP patients, medium in
BCLP patients, and largest in controls (P , .001; Table 1).

Postsurgical Changes in Upper Airway in Patients
With CLP

Significant increases for both groups were seen in
the volume of the nasopharynx (both P , .001). When
changes from T0 to T1 were compared between groups,
there were no significant differences in any of the vari-
ables (Table 2). Chart review indicated none of these

patients experienced habitual loud snoring, daytime
sleepiness, or dyspnea.

Postsurgical Movement of Facial Skeleton in
Patients With CLP

A point and PMP moved forward significantly in UCLB
and BCLP patients (both P , .001). B point, Pog, and Me
moved backward significantly (all P , .001). The SN-MP
angle increased by 2.5° 6 3.7° and 3.0° 6 3.7° for UCLP
and BCLP patients, respectively (both P , .001; Sup-
plemental Table 1).

Postsurgical Movement of Surrounding Structures
in Patients With CLP

The soft palate moved forward significantly in UCLB
and BCLP patients (both P , .001), while the tongue
and hyoid showed significant backward movement (P ,
.01 for UCLP and P , .001 for BCLP). There was signif-
icant downward movement of the hyoid and significant
head extension in BCLP patients (P , .01 and P , .001,
respectively; Supplemental Table 2).

Differences in Upper Airway Among Patients With
CLP and Controls

The preoperative volume of the nasal cavity and naso-
pharynx was significantly smaller in both CLP groups
compared with controls (P , .001 and P ¼ .01, respec-
tively). The postsurgical volume of the nasal cavity was
also significantly smaller in both CLP groups compared
with controls (P , .001); however, neither postsurgical
nasopharynx nor oropharynx volumes differed signifi-
cantly. Minimal cross-sectional area and anteroposterior
dimension of the oropharynx did not differ among groups
at either time point. Preoperatively and postoperatively,
the minimal cross-sectional area and anteroposterior

Table 1. Patient Demographics and Clinical Characteristics of the Groupsa

UCLP Group BCLP Group Control Group
UCLP vs BCLP

vs Control

Parameter (n ¼ 30) (n ¼ 30) (n ¼ 30) P

Gender (female), n (%) 9 (30%) 14 (47%) 18 (60%) .066
Age, y,b mean 6 SD 19.2 6 2.2 19.1 6 3.4 22.4 6 4.5 .076
Body mass index, kg/m2, mean 6 SD 21.8 6 3.9 21.6 6 4.1 22.3 6 3.7 .829
Genioplasty, n (%) 11 (37%) 7 (23%) N/A .394
SNA angle, °, mean 6 SD 76.2 6 4.7 76.2 6 5.0 81.8 6 3.7 , .001c

SNB angle, °, mean 6 SD 81.9 6 5.4 79.1 6 5.0 78.7 6 3.4 .013
ANB angle, °, mean 6 SD �5.7 6 3.3 �2.9 6 3.3 3.2 6 1.3 , .001d

SN-PP, °, mean 6 SD 10.7 6 5.2 11.7 6 5.6 10.6 6 4.5 .636
SN-MP, °, mean 6 SD 36.8 6 10.0 37.8 6 6.4 34.5 6 5.1 .214

a ANB indicates A point–nasion–B point; SD, standard deviation; SNA, sella-nasion–A point; SNB, sella-nasion–B point; SN-MP, the angle
between SN and MP (mandibular plane); SN-PP, the angle between SN and PP (palatal plane).

b UCLP and BCLP groups ¼ age at surgery; control group ¼ age at CBCT.
c Control . UCLP, BCLP.
d Control . BCLP . UCLP.

Figure 3. Midsagittal slice of a CBCT image demonstrating the sur-
rounding structural landmarks: centroid of the soft palate (SP), tip
of the soft palate (SPT), centroid of the tongue (T), and hyoid (H).
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dimension of the oropharynx were predominantly located
below the soft palate tip (Table 3).

Predictors of Postoperative Upper Airway Volume
in Patients With CLP

Initial volume of the oropharynx and the sagittal move-
ment of the soft palate tip were found to be significant
predictors of postoperative volume of the oropharynx for
patients with UCLP (B ¼ .61, P , .001; and B ¼ �.60,
P ¼ .001, respectively). Therefore, for patients with
UCLP, the smaller the initial airway volume or the less
the anterior movement of the soft palate tip, the smaller
the postoperative volume of the oropharynx (Table 4).
Initial airway volume, sagittal movement of the tongue,

and degree of head extension were found to be signifi-
cant predictors of postoperative volume of the orophar-
ynx in patients with BCLP (B ¼ .68, P , .001; B ¼ �.62,
P ¼ .01; and B ¼ .97, P , .01, respectively). Therefore,
the smaller the initial airway volume, the greater the pos-
terior movement of the tongue, or the less the head
extension, the smaller the postoperative volume of the
oropharynx for patients with BCLP (Table 5).

DISCUSSION

This study indicated that OGS with maxillary advance-
ment and mandibular setback increased the volume of
the nasopharynx in patients with CLP. Patients with CLP
did not differ in the postoperative volume of the naso-
pharynx or oropharynx, minimal cross-sectional area,
and minimal anteroposterior dimension in the orophar-
ynx from healthy controls. In addition, the postoperative
oropharyngeal volume of patients with CLP was related
to the preoperative oropharyngeal volume and the sag-
ittal movement of the surrounding structures.
Compared with controls, the preoperative nasal cavity

volume for patients with UCLP and BCLP was 22%
(mean difference between controls and UCLP compared
with mean in controls) and 26% (mean difference between
controls and BCLP compared with mean in controls)
smaller, respectively, and there was no significant change
after surgery. A previous 3D study also found a smaller
nasal cavity volume in patients with UCLP when com-
pared with noncleft individuals.13 This difference can be
explained by the fact that patients with CLP exhibit maxil-
lary retrognathism.1,2 Also, patients with UCLP are often

Table 2. Airway Characteristics Before and After Surgery in Cleft Groupsa

UCLP Group BCLP Group

Mean 6 SD Mean 6 SD
UCLP vs

BCLP (D)
Variable T0 T1 D P T0 T1 D P P

Volume, cm3

NC 9.0 6 1.9 8.6 6 2.5 �0.4 6 2.1 .283 8.5 6 1.9 8.5 6 1.8 0.03 6 1.4 .912 .399
NP 7.8 6 2.3 9.2 6 2.9 1.4 6 1.7 , .001 7.8 6 2.2 9.5 6 2.6 1.6 6 1.6 , .001 .554
OP 19.4 6 8.1 17.1 6 6.2 �2.2 6 4.6 .011 16.7 6 5.7 15.3 6 5.6 �1.4 6 0.9 .112 .496

Minimal CSA, cm2

OP 2.2 6 1.1 1.8 6 0.7 �0.4 6 0.8 .011 1.9 6 0.7 1.6 6 0.8 �0.3 6 0.8 .092 .554
Minimal AP dimension, mm
OP 11.0 6 3.5 8.9 6 3.0 �2.2 6 4.4 .011 9.8 6 2.8 8.9 6 2.8 �0.8 6 2.6 .082 .815

aAP indicates anteroposterior; CSA, cross-sectional area; D, change (T1–T0); NC, nasal cavity; NP, nasopharynx; OP, oropharynx; SD, standard
deviation; T0, before surgery; T1, after surgery.

Table 3. Comparison of Mean Upper Airway Characteristics Among UCLP, BCLP, and Control Groupsa

UCLP Group BCLP Group Control Group
UCLPT0 vs BCLPT0 UCLPT1 vs BCLPT1

vs ControlT0 vs ControlT0
Variable T0 T1 T0 T1 T0 P P

Volume, cm3

NC, mean 6 SD 9.0 6 1.9 8.6 6 2.5 8.5 6 1.9 8.5 6 1.8 11.5 6 2.8 , .001b , .001b

NP, mean 6 SD 7.8 6 2.3 9.2 6 2.9 7.8 6 2.2 9.5 6 2.6 9.3 6 2.4 .010b .896
OP, mean 6 SD 19.4 6 8.1 17.1 6 6.2 16.7 6 5.7 15.3 6 5.6 16.5 6 6.0 .191 .469

Minimal CSA, cm2

OP, mean 6 SD 2.2 6 1.1 1.8 6 0.7 1.9 6 0.7 1.6 6 0.8 1.9 6 0.7 .412 .337
% Below SPT 93.3 90.0 86.7 83.3 83.3 .323 .562

Minimal AP dimension, mm
OP, mean 6 SD 11.0 6 3.5 8.9 6 3.0 9.8 6 2.8 8.9 6 2.8 9.8 6 2.8 .198 .364
% Below SPT 93.0 97.0 83.0 80.0 83.0 .430 .136

a AP indicates anteroposterior; CSA, cross-sectional area; NC, nasal cavity; NP, nasopharynx; OP, oropharynx; SD, standard deviation;
SPT, soft palate tip; T0, before surgery; T1, after surgery.

b Control . UCLP, BCLP.
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troubled with turbinate hypertrophy and nasal septum
deviation,14 which further contribute to a smaller nasal
cavity. Therefore, intranasal surgery, including reduction of
inferior turbinates and septoplasty, should be considered
for symptomatic relief of nasal obstruction at the time of Le
Fort I advancement or secondary rhinoplasty.15,16

Patients with UCLP and BCLP had preoperative naso-
pharynx volumes that were 16% smaller than controls.
A previous study showed that nasopharynx volume
increased by 20% in patients with UCLP (n ¼ 9) fol-
lowing bimaxillary OGS.12 The current study had similar
results by demonstrating an 18% and 21% increase in
the volume of the nasopharynx after surgery for patients
with UCLP and BCLP, respectively, which was not sig-
nificantly different from controls. This change might have
been the result of anterior movement of the posterior
maxilla.17 Contrary to the findings of Karia et al.,18 but
in agreement with two previous studies,19,20 there were
no significant differences in the preoperative volume of
the oropharynx between cleft and noncleft groups.
Postsurgery, there was no significant change in the vol-
ume of the oropharynx, minimal cross-sectional area,
and anteroposterior dimension in the oropharynx in
patients with CLP, which was in agreement with the
findings of a previous study12 showing no significant
change in the volume of the oropharynx in either patients
with UCLP (n ¼ 9) or BCLP (n ¼ 6) after OGS.
The oropharynx is the common site of upper airway

collapse in OSA.21,22 The minimal cross-sectional area
ranges from 45.8 to 79.1 mm2 for patients with OSA.22

Although the postoperative oropharynx was found to be
not smaller in cleft patients than in controls, and none
exhibited a minimal cross-sectional area smaller than
45.8 mm2, the multiple linear regression model demon-
strated the baseline volume and sagittal movement of
the soft palate tip and tongue predicted the postopera-
tive oropharyngeal volume for patients with UCLP and
BCLP, respectively. Anterior movement of the soft palate
tip was correlated with the maxillary advancement (r ¼
.5–.6, all P , .01) in patients with UCLP, and posterior
movement of the tongue was correlated with the man-
dibular setback in both UCLP (r ¼ .7, all P , .001) and
BCLP (r ¼ .5, P , .01) patients (data not shown). For
patients with a small mean oropharynx volume ,10.5

cm3, minimal cross-sectional area ,1.2 cm2, or minimal
anteroposterior dimension ,7 mm, attention should be
paid to surgical planning to minimize the risk of OSA by
increasing the forward movement of the soft palate
through larger maxillary advancement or decreasing the
posterior movement of the tongue through smaller man-
dibular setback (eg, clockwise and counterclockwise
rotation of the mandibular occlusal plane for low- and
high-angle patients, respectively).
Limitations of this study included its retrospective

nature and that it was a short-term study. Since the
upper airway increases in size until the age of 20 years
and remains relatively stable until the age 40 years,23

long-term follow-up should be conducted. Although these
cleft patients were free from symptoms of OSA postsur-
gery, future studies should include a sleep study. It would
also be interesting to know if the results can be applied to
patients with incomplete clefts.

CONCLUSIONS

• Before bimaxillary surgery, the volume of the nasal
cavity and nasopharynx was significantly smaller in
patients with CLP compared with controls.

• After Le Fort I advancement and BSSO setback,
when compared with the controls, patients with CLP
had a significant difference in volume of the nasal
cavity but not the nasopharynx or oropharynx.

• The postoperative oropharyngeal volume in patients
with CLP could be predicted by the preoperative
oropharyngeal volume and the sagittal movement of
the surrounding structures.

SUPPLEMENTAL DATA

The Appendix with supplemental data is available
online.
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