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Effects of vertical control on anatomic
and aerodynamic characteristics of the
oropharyngeal airway during premolar
extraction treatment of Class 11
hyperdivergent nonsevere crowding
malocclusion

Hongyi Tang, Xinyu Cui, Huazhi Li, Fu Zheng, Youchao Chen, and Jiuhui Jiang
Beijing, China

Introduction: This study aimed to analyze the effects of premolar extraction treatment with vertical control on
changes in the anatomy and aerodynamics of the oropharynx in Class Il hyperdivergent malocclusion with non-
severe crowding. Methods: Thirty-nine patients with Class Il hyperdivergent malocclusion were enrolled
consecutively. All the participants underwent 4 premolar extractions. The high-pull J-hook and mini-implants
were used to provide vertical control. Cone-beam computed tomography was performed before and after
treatment. The participants were divided into a decreased lower vertical facial height group (n = 23) and an
increased lower vertical facial height group (n = 16) on the basis of superimposition. The aerodynamic
characteristics, including airway resistance (inspiration, Ri,; expiration, Rex) and maximum velocity
(inspiration, Vmax;,; expiration, Vmaxe,) at inspiration and expiration, were calculated using computational
fluid dynamics. Anatomic characteristics, including volume and cross-sectional area (CSAnin), were
measured using the Dolphin Imaging software (Dolphin Imaging and Management Solutions, Chatsworth,
Calif). Results: After treatment, the median volume and CSA,, increased by 2357 mm? and 43 mm?, respec-
tively, and median Ri, and Vmaxey decreased by 0.15 Pa/L/min and 0.24 mxs™", respectively, in decreased
lower vertical facial height group. In contrast, the median CSA, decreased by 9.5 mm? in the increased lower
vertical facial height group. All the changes were statistically significant (all P <0.05). Significant differences in
volume, CSAnin, Rin, and Vmaxey were observed between the 2 groups. Conclusions: Vertical control might
improve the anatomic and aerodynamic characteristics of the oropharyngeal airway during premolar extraction
treatment of Class Il hyperdivergent malocclusion with nonsevere crowding. (Am J Orthod Dentofacial Orthop
2023;164:e27-e42)

bstructive sleep apnea (OSA) is a respiratory
physiological disorder characterized by recurrent
apnea and hypopnea that can lead to snoring,
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hypoxia, and arousal from sleep.' OSA can also increase
the risk of hypertension, diabetes, cardiovascular, and
respiratory diseases.”’ The pathogenesis of OSA remains
unclear*; however, the anatomic and functional abnor-
malities of the upper airway may be important factors
contributing to OSA.>° 1t has been reported that Class
11 hyperdivergent malocclusion may be associated with
anatomic and functional defects of the upper airway
because of mandibular deficiency and a steep mandib-
ular plane, and thus, it can increase the risk of OSA.”™”
Therefore, the upper airway of such patients should be
monitored carefully during treatment.

Premolar extraction is a conventional camouflaged
orthodontic method for treating Class 11 hyperdivergent
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malocclusion, which is used to align dentition, improve with Class 11 hyperdivergent malocclusion who had un-
protrusion of anterior teeth, and adjust the intermaxil- dergone premolar extraction treatment at Peking Uni-
lary relationship.'® There is no consensus on the effects versity School of Stomatology were enrolled in this
of premolar extraction on the upper airway. Some retrospective study. The inclusion criteria were (1)
studies reported that extraction orthodontic treatment aged >18 years, (2) the patients were diagnosed with
decreased the upper airway size because of the reduction hyperdivergent Class 11 malocclusion (ANB >4°, MP/
in arch length and oral cavity size.'""'” But Zhang et al "’ SN >37°), (3) orthodontic treatment with extraction of
found that the upper airway was only adjusted adap- the 4 premolars was assisted by a J-hook with mini-
tively rather than a decrease in size. A related study implants, and (4) normalized orthodontic results were
found that extraction orthodontic treatment combined achieved including Class 1 canine and molar relation-
with vertical control increased the size of the oropharyn- ships, a normal overbite, and a normal overjet. The
geal airway because the treatment caused significant exclusion criteria were (1) visible figure differences
upward movement of the mandible.'* Therefore, before and after treatment (because obesity may be a
analyzing the changes in the upper airway characteristics confounding factor, we collected facial front photo-
after premolar extraction treatment is necessary. graphs of all the subjects, which 2 researchers assessed);
Vertical control is important in treating Class 11 hy- we asked the researchers (F.Z. and Y.C.C.) if they could
perdivergent malocclusion because it promotes counter- see a difference between the before and after treatment
clockwise rotation of the mandible and decreases lower photographs of each subject. 1If researchers could not
vertical facial height (LVFH).'*'® In addition, several detect a difference, the difference was considered
studies have indicated that vertical control benefits the small/negligible); (2) severe dentofacial anomalies,
upper airway in different treatments, including orthog- such as cleft lip or palate; (3) Temporomandibular joint
nathic surgery and rapid maxillary expansion.'®"’ discomfort and limited mouth opening (the medical re-
Therefore, it is valuable to investigate the effects of ver- cords were reviewed to ensure that there were no docu-
tical control on the upper airway after premolar extrac- mented symptoms before and after treatment); (4)
tion treatment to correct Class 11 hyperdivergent congenital loss of permanent teeth; (5) previous ortho-
malocclusion. dontic treatment and/or orthognathic surgery; and (6)
Computational fluid dynamics (CFD) has been widely severe crowding (>8 mm crowding level of each arch).
used to simulate the airflow of the upper airway on the In the case of severe overcrowding, the extraction space
basis of a 3-dimensional (3D) reconstructed model from is mainly used to solve the overcrowding problem.
cone-beam computed tomography (CBCT).'®'®' 1t can Conversely, in the case of nonsevere overcrowding, the
provide quantitative parameters by showing the con- extraction space is mainly used to guide the direction
tours of aerodynamic characteristics such as pressure of tooth movements (sagittal and vertical). Patients
drop and velocity, which can be used to evaluate the res- with severe crowding have different needs regarding
piratory function of patients.'®*° dental movement directions and distances than those

To our knowledge, only 1 study has reported on the with less severe crowding.
changes in the upper airway after premolar extraction Two patients were excluded because of severe crowd-
treatment with a vertical control. In that study, compar- ing, 2 because of visible figure difference, 1 because of
isons were made before and after treatment, but no congenital loss of permanent teeth, and 5 because of a
comparisons were made between different groups.'* lack of relevant CBCT data. Finally, 39 patients (aged
Furthermore, previous studies have not used CFD to 26.65 *= 7.69 years; 15 men and 24 women) were
evaluate the changes in aerodynamic characteristics of included. Before this retrospective study, the CBCTs of
the upper airway after premolar extraction treatment. all patients had been taken to evaluate their malocclu-
Therefore, we performed intergroup comparisons to sion problems and provide more appropriate treatment
test the hypothesis that effective vertical control benefits and were electronically archived at the hospital, so we
the anatomy and aerodynamics of the upper airway after did not collect informed consent from the patients. We
premolar extraction treatment. explained this to the Ethics Committee of Peking Univer-
sity School of Stomatology and obtained permission

(No. 2021-09-68-26).

MATERIAL AND METHODS After premolar extractions, all patients were actively
Based on data on airway changes in a previous treated using 0.022-inch edgewise brackets (Shinye
study,”’ a power calculation determined that 16 subjects Medical Technology, Zhejiang, China). High-pull
were needed in each group to achieve a power of 80%. J-hook (Shinye Medical Technology, Zhejiang, China)

Between April 2016 and February 2022, 49 patients was applied to the anterior part of the dental arch to
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provide sagittal and vertical control of the dental ante- from the CBCT images were imported into Dolphin Im-
rior arch. We applied both maxillary and mandibular J- aging software. The images were reoriented along the
hooks. The J-hooks were used alternately. The specific midpalatal suture tangent to the nasal base and parallel
standards were as follows. The maxillary J-hook was to the FHP. Lateral cephalograms were derived from the
used to close only the maxillary extraction space, simul- CBCT images to evaluate the dental and skeletal param-
taneously close the maxillary and mandibular extrac- eters. Figure 1 shows the dental and skeletal parameters.
tion space, and adjust precisely after closing the Three-dimensional cranial base superimposition was
extraction space. The mandibular J-hook was used to performed according to a previous study.”” The 3D cra-
close only the mandibular extraction space. Closing nial base superimposition diagram is shown in Figures 2
extraction spaces in the maxilla and mandible may and 3. We also performed cephalometric superimposi-
not completely overlap in time; therefore, a mandibular tions to further evaluate the dental and skeletal changes
J-hook was used when only the mandibular extraction in both groups. The diagram of the cephalometric super-
spaces were closed. Two mini-implants were inserted impositions is shown in Figure 4.
bilaterally in the zygomatic alveolar ridge between the We selected the oropharyngeal airway as the object
maxillary first and second molars to assist the maxillary for evaluation and analysis. The following process was
dentition intrusion. These 2 methods were used to pro- used to automatically reconstruct the volume using the
vide vertical control during the treatment. The elastic Dolphin Imaging software: the airway range was
traction forces applied by the J-hook and mini- measured by tracing the points and connecting them
implants were 400-500 g and 100-150 g of force, with lines to form a closed graph through the median
respectively. After aligning the dentition, we continued sagittal plane, coronal plane, and cross-section. Then,
the treatment with stainless steel wires to facilitate we clicked the “seed point” button to place the yellow
traction. The duration of anterior teeth retracted with dots within the closed airway range. Then, we uni-
traction forces was approximately 10-14 months, and formly adjusted the gray value to 55 and automatically
the duration of the maxillary molars intruded with trac- filled the calculated volume. After filling the selected
tion forces was approximately 6-8 months. The treat- area, we clicked the “update volume” button to obtain
ment duration varied from 30-36 months. After the volume of the upper airway. The related definitions
treatment completion, we evaluated the effects of the and descriptions are presented in Table 1 and Figures 5
vertical control on the basis of cranial base superimpo- and 6.
sitions observed in imaging. This is a standard method The CBCT data were imported into Mimics Research
for evaluating skeletal changes after orthodontic treat- software (version 19; Materialise, Leuven, Belgium).
ment.”” For the analyses, we divided the participants The gray value of the computed tomography (CT) images
into 2 groups: (1) the decreased LVFH (D-LVFH) group reflects the different attenuation coefficients of tissues
(9 men and 14 women) and (2) the increased LVFH to x-rays.”” In general, tissues with a high density have
(I-LVFH) group (6 men and 10 women). a large attenuation to x-rays, and thus, the gray value
CBCT scans (DCT PRO Dentofacial CBCT System; of the CT images is large. The gray value of the CT im-
Vatech Co, Seoul, South Korea) were taken before ages indicates the absolute value of the x-ray attenua-
and after treatment for each participant (CBCT device tion of the substance. Historically, Hounsfield set the
was set at 90 kV, 7 mA, a field of view of 20 cm X CT value of water at 0 for convenience.”* The CT value
19 cm, voxel size of 0.40 mm, and scan time of 15 sec- was converted according to this scale and is called
onds). Each participant was scanned upright, keeping Hounsfield units (HU). In human tissues, fat is approxi-

the Frankfort horizontal plane (FHP) parallel to the mately — 100 HU, cancellous bone is approximately 100-
floor, the teeth in centric occlusion, and the tongue 300 HU, and compact bone is approximately 2000 HU.

in the position at the end of swallowing (ie, against As air density is lower than other human tissues, the
the palate). The participants were also instructed to HU corresponding to the upper airway is lower than
breathe smoothly and not swallow.'”> An instructor those of other tissues in the body. Many studies have
guided the CBCT imaging process by instructing the used HU in CBCT evaluations for generating 3D models
patient to remain upright. All CBCT data were saved of the upper airway.””*® After evaluating the appro-
in digital imaging and communications in medicine priate HU threshold, we set our HU threshold between
file format. —1024 HU and —480 HU to highlight the oropharyngeal
All measurements were performed using Dolphin Im- airway. All 3D models were exported as stereolithogra-
aging software (version 19.5; Dolphin Imaging and phy files (Fig 7).
Management Solutions, Chatsworth, Calif). The digital Many procedures of this section are derived from the
imaging and communications in medicine file format study of Tang et al.'® All models were imported into
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Fig 1. Skeletal and dental parameters: 1, MP/SN; 2, SNB; 3, U1/SN; 4, L1/MP; 5, U1-NA; 6, L1-NB; 7,

U6-PP; 8, L6-MP; 9, ANS-Me; 10, LVFH.

Coronal Slice

Fig 2. The cranial base part used for superimposition.

ICEM (version 19.1; ANSYS, Canonsburg, Pa) to
generate a tetrahedral volume mesh. A typical grid con-
sisted of approximately 2,500,000 tetrahedral cells, de-
pending on the complexity of the oropharyngeal airway
model (Fig 8).'°

After mesh generation, the 3D mesh was exported
into FLUENT (version 19.1; ANSYS, Canonsburg, Pa)
for the airflow simulation. We applied the steady-state
Reynolds-averaged Navier-Stokes formulation com-
bined with the laminar model to analyze the aerody-
namic characteristics of the oropharyngeal airway.'®”’
The SIMPLE algorithm was used to realize the coupling
between velocity and pressure, and second-order

August 2023 e Vol 164 e Issue 2

discretization schemes were adopted.'®”® The air density
and viscosity were set to 1.225 kg/m? and 1.79 X 10~%°
kg/m/s, respectively, which are the default settings of the
system. An inlet volume flow rate of 166 mL X s~ ' (10L
X min~') was set for the airflow simulation in an awake
state.'®”® The air within the upper airway was assumed
to be adiabatic.'®” In the inspiration phase, the inlet
boundary was set at the plane across the posterior nasal
spine parallel to the FHP, and the outlet boundary was
set at the plane across the tip of the epiglottis parallel
to the FHP.'® In contrast, the expiration phase was simu-
lated by setting the inlet at the plane across the tip of the
epiglottis parallel to the FHP and the outlet at the plane

American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 3. Diagram of superimposition (green, pretreatment; red, posttreatment): D-LVFH group; I-LVFH

group.

A: D-LVFH

B: I-LVFH

Fig 4. Diagram of cephalometric superimposition (black, pretreatment; red, posttreatment).

across the posterior nasal spine parallel to the FHP. The
number of iterations is set to 400.'°

The airway resistance (R) was computed on the basis
of CFD calculations using the following formula: R =
AP/Q. AP (total pressure drop between the inlet and
outlet boundaries of the oropharyngeal airway) = P,.x
— Puin-'® Q is the oropharyngeal inlet volume flow
rate, which is constant.'®

American Journal of Orthodontics and Dentofacial Orthopedics

Statistical analysis

In this study, all parameters were remeasured by the
same investigator after 2 weeks to determine if there was
any internal operator error. Specifically, all cephalo-
metric landmarks were relocated again, and all the
oropharyngeal airway volumes were measured again to
obtain a second set of results. As the measurements of
CSAin and all aerodynamic parameters were stable
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Table I. Descriptions and defmitions

Variables

Anatomic parameters
S

Definitions

Sella, the midpoint of the cavity of sella turcica
Nasion, the anterior point of the intersection between the nasal and frontal bones

The deepest point on the concavity of the maxilla between ANS and the maxillary alveolus
The innermost point on the contour of the mandible between the mandibular incisor and chin

N

Go Gonion, the midpoint connecting the ramus and body of the mandible
Me Menton, the most interior point on the chin

A

B

ANS Anterior nasal spine

PNS Posterior nasal spine

U6 occlusal point
L6 occlusal point

Mesial buccal cusp tip of the maxillary first molar
Mesial buccal cusp tip of the mandibular first molar

ANS-Me (perp Frankfurt horizontal plane) Perpendicular distance between point ANS and point Me to

PP The palatal plane, the plane connecting point ANS and point PNS
MP The mandibular plane, the plane connecting point Go and point Me
SN The line from point S to point N
MP/SN The angle between the MP plane and the SN plane
SNB The angle between point S, point N, and point B
U1/SN The angle between the long axis of U1 and SN plane
L1/MP The angle between the long axis of L1 and MP plane
U1-NA The perpendicular distance from the U1 to N-A line
L1-NB The perpendicular distance from the L1 to N-B line
U6-PP The perpendicular distance from the U6 occlusal point to the ANS-PNS plane
L6-MP The perpendicular distance from the L6 occlusal point to the mandibular plane
ANS-Me The distance between point ANS and point Me
LVFH
Frankfurt horizontal plane
CSAnmin The minimum cross-sectional area of the upper airway

Total volume

3D model of upper airway
Superior boundary
Inferior boundary
Pa/L/min

mXs'

AP
Q
R

Vmax
Interquartile range (IQR)

Upper airway section between the line across PNS (posterior nasal spine) parallel to FHP and the line passing
across the tip of epiglottis parallel to FHP

The line across PNS parallel to FHP

The line passing across the tip of the epiglottis parallel to FHP

In the process of simulating the airflow in the upper airway, the pressure difference between the inlet and
outlet of each liter of airflow through the upper airway in every minute

The assessment of meters of airflow per second during the process of simulating the airflow in the upper
airway

Total pressure drops between the inlet and outlet boundary of the oropharynx

Inlet volume flow rate, which is set to 10 L X min~' (Constant)

R = AP/Q

Maximum airflow velocity of the upper airway during airflow simulation

All values are arranged from small to large and divided into quartiles. The values at the 3 dividing points are

quartiles. The interquartile range is the difference between the third quartile and the first quartile

and reproducible, the measurements were considered
error-free. After summarizing the data, the intraclass
correlation coefficient was calculated and was between
0.94-0.98; thus, data reliability was confirmed.

After inspection, all the data were analyzed using
SPSS (version 23.0; 1BM, Armonk, NY). Because the total
number of selected patients was <40, we used Fisher’s
exact probability to compare the sex difference between
the 2 groups. The normality of the data was tested using
the Kolmogorov-Smirnov test. The average and standard
deviation were used to describe data conformed to a
normal distribution. The median and interquartile range
were applied for data that did not conform to a normal
distribution. The paired ¢ test and independent sample ¢

August 2023 e Vol 164 e Issue 2

test were used to compare normally distributed data,
whereas the Wilcoxon signed rank test and Wilcoxon
rank-sum test were used for analyzing data that were
not normally distributed. The statistical significance
level was set at P <0.05.

RESULTS

The Kolmogorov-Smirnov test showed that SNB,
ANS-Me, LVFH, U1-SN, U1-NA, L1-NB, L1-MP, U6-PP
and L6-MP conformed to a mnormal distribution
(Supplementary Table 1). Thus, we used a parametric
test to evaluate these measurements, whereas the others
were assessed using nonparametric tests.

American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 5. Volume of oropharyngeal airway (purplish-red).

We compared all parameters between the 2 groups at
the pretreatment stage, and no significant differences
were found (Table 11). The comparisons before treatment
also showed no significant differences in sex, body mass
index, or crowding between the 2 groups (Table 111).

Figure 9 shows opposite morphologic changes in the
oropharyngeal airway between the D-LVFH and 1-LVFH
groups. Figures 10 to 13 show the pressure drop
contours and maximum velocity streamlines during the
inspiratory and expiratory phases in both groups.

n the D-LVFH group, the MP/SN decreased by 2.10°,
LVFH decreased by 1.51 mm, and SNB increased by
1.23° (Table 1V; P <0.05). Significant increases in the
volume and CSA,,;, were observed (Table V; P <0.05).
The volume increased by 2,357 mm?®, and CSAnin

American Journal of Orthodontics and Dentofacial Orthopedics
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increased by 43 mm”. Ry, and Vmax., were reduced by
0.15 Pa/L/min and 0.24 m X s, respectively.

In the 1-DVFH group, MP/SN and LVFH increased by
0.30° and 1.01 mm, respectively, and no significant
change was found for SNB (Table 1V; MP/SN and
LVFH: P <0.05; SNB: P = 0.921). CSA ,;, decreased
by 9.5 mm? (Table V; P <0.05). The other oropharyngeal
parameters showed decreasing trends in anatomy and an
increasing trend in aerodynamics (Tables V and V1; vari-
ation, inspiration: Ry,,, 0.06 Pa/L/min; Vmax;,, 0.05 m X
s™'; expiration: Rey, 0.01 Pa/L/min; Vmaxe,, 0.30 m X s~
'; volume, 343 mm’; P = 0.063-0.460).

A significant maxillary molar intrusion was observed
in the D-LVFH group, and significant maxillary molar
extrusion was found in the 1-LVFH group (Table 1V; D-
LVFH group: U6-PP, —1.40 mm; P <0.05; 1-LVFH
group: U6-PP, 0.77 mm; P <0.05). No significant verti-
cal changes of mandibular molar were found in both
groups (Table 1V; D-LVFH group: L6-MP, —0.13 mm;
P = 0.565; 1-LVFH group: L6-MP, 0.36 mm; P =
0.107). In addition, similar anterior tooth retraction
was observed in the 2 groups after treatment completion
(Table 4; D-LVFH group: U1/SN, —4.05°; L1/MP,
—3.24°; 1-LVFH group: UT/SN, —5.29°; L1/MP,
—3.58°; P <0.05). Significant differences related to
maxillary molars’ vertical movements were observed be-
tween the 2 groups (Table V1; P <0.05), but no signifi-
cant differences related to other tooth movements were
found (Table VI; P = 0.118-0.881).

We observed significant differences in the aerody-
namic and anatomic characteristics, as represented by
Rin, VMaXey, CSApin, and volume of the oropharyngeal
airway, between the 2 groups (P <0.05). The D-LVFH
group showed a significant decrease in aerodynamics
and improved anatomic characteristics. Moreover, the
1-LVFH group showed an opposite trend compared
with the 1-LVFH group (Table VI).

DISCUSSION

In this study, we compared the aerodynamic and
anatomic changes of the oropharyngeal airway after pre-
molar extraction for orthodontic treatment, with or
without vertical control. The results suggest that premo-
lar extraction with effective vertical control can improve
the aerodynamic and anatomic characteristics of the
oropharyngeal airway. Although we tried our best to
provide orthodontic treatment to each patient, the effect
of vertical control varied between the 2 groups. We spec-
ulated that treatment compliance may be an important
consideration. Although we provided specific guidance
to our patients for applying the J-hook, some patients
failed to follow the instructions correctly. Moreover,
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Fig 6. Minimum cross-sectional area (yellow).

Fig 7. Three-dimensional reconstructed model of
oropharyngeal airway.

some patients forgot to attend their orthodontic treat-
ment appointments, which extended the treatment in-
tervals. If the treatment intervals were prolonged, the
elastic traction on the mini-implant may break and
lose its function.

The interval between CBCT shooting is at least 30
months; hence, the harm of radiation exposure is negli-
gible. A related study illustrated that between 8 and 18
years old, the volume of the human upper airway

August 2023 e Vol 164 e Issue 2

increased with age.’® Considering this, we selected
adults as subjects.

The pretreatment comparisons of sex, body mass in-
dex (BMI), crowding level, and all measurable parame-
ters did not differ significantly between the 2 groups
(Tables 11 and 1), indicating that the 2 groups were com-
parable.

The change of U6-PP showed that the vertical direc-
tion of maxillary molars in the 2 groups was opposite,
indicating that the vertical direction of maxillary molars
might be the determining factor of LVFH change. Previ-
ous studies have reported that molar intrusion is an
important step to achieve vertical control,'”*' and our
findings confirm the results. Unlike the maxillary molars,
mandibular molars showed no significant vertical move-
ment, possibly because of only maxillary mini-implants
in the treatment process. It is recommended to consider
using bimaxillary mini-implants in orthodontic treat-
ments that require vertical control.

The changes in dental parameters, including U1/SN,
L1/MP, U1-NA, and L1-NB, indicated significant retrac-
tion of the anterior teeth in both groups. Although the
changes in the upper airway were different in the previ-
ous premolar extraction treatment studies, the results of
dental parameters are roughly the same.'”'”'* Because
of a similar amount of retraction of the anterior teeth in
both groups, tooth movements were also not signifi-
cantly different between the 2 groups. This similarity
indicated there was no need to consider the changes in
tooth movement as a confounder.

American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 8. Generated tetrahedral volume mesh of oropharyngeal airway.

Table Il. Comparison of pretreatment measurable parameters between the D-LVFH and 1-LVFH groups

Parameters D-LVFH group I-LVFH group P value
Skeletal and dental parameters
SNB (°) 75.43 £ 2.77 75.96 * 2.27 0.516
U1/SN (°) 102.67 * 6.32 106.56 * 8.72 0.139
U1-NA (mm) 5.02 £ 2.45 6.44 = 2.20 0.068
L1/MP (°) 96.36 = 5.60 97.01 £ 7.75 0.776
L1-NB (mm) 8.27 £ 2.85 8.87 = 2.28 0.467
U6-PP (mm) 23.86 £ 2.61 23.61 = 2.84 0.774
L6-MP (mm) 32.26 = 2.96 31.20 = 3.25 0.307
ANS-Me (mm) 70.83 £ 5.32 68.18 = 4.91 0.119
LVFH (mm) 65.60 = 4.74 64.06 = 4.90 0.732
MP/SN (°) 39.70 (9.80) 38.65 (6.70) 0.525
Upper airway-anatomic parameters
Oropharyngeal volume (mm?) 16,612.00 (4692.00) 18,985.00 (13,219.75) 0.601
CSAmin (mm?) 177.00 (147.00) 179.00 (136.75) 0.101
Aerodynamic parameters
Airway resistance during inspiration (Pa/L/min) 0.64 (0.79) 0.46 (1.21) 0.601
Maximum velocity during inspiration (m X s™') 2.19 (1.29) 1.60 (1.32) 0.079
Airway resistance during expiration (Pa/L/min) 0.60 (1.10) 0.53 (0.76) 0.966
Maximum velocity during expiration (m X s') 1.81 (2.03) 1.36 (1.62) 0.288

Note. Values are presented as mean = standard deviation for normal distributions and median (interquartile range) for nonnormal distributions.
Independent sample ¢ test was used for normal distributions and Wilcoxon rank-sum test was used for nonnormal distributions.

Cranial base superimposition is a standard method
for evaluating the rotational changes of the mandible af-
ter orthodontic treatment.?” Therefore, on the basis of

Table lll. Gender, BMI, and crowding level evaluation

between the D-LVFH and 1-LVFH groups

Characteristics D-LVFH group I-LVFH group P value this method, we divided the patients into 2 groups. We
Gender >0.999 also used MP/SN and LVFH as the basic parameters for
Male 9 (39.1) 6 (37.5) describing the effects of vertical control. In the D-
Bl\rﬂe(T;]/TnZ) 19‘;7(?'2)]8 21‘(?3(‘12'25)37 o168 LVFH group, both MP/SN and LVFH showed a favorable
Cosyai i s ] - — : decrease. A decrease in MP/SN and LVFH represented the
Manillary 270 + 1.55  2.94+ 156  0.637 counterclockwise rotation of the mandible and a
Mandibular 317 =172 3.19=1.87 0982 decrease in vertical facial height in the D-LVFH group.

Th lication of rimposition and the 1 ion
Note. Values are n (%), or mean * standard deviation. Fisher exact . N apsp CatdO ot supe dp(;s tion and the e?.uf)t.lp
test was used for gender, and independent sample ¢ test was used for in MP/SN and LVFH ensured the measurement reliabi 1y

BMI and crowding levels. of “effective vertical control.”
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Fig 9. Anatomic changes of oropharyngeal airway in both groups: A, D-LVFH group; B, I-LVFH group.

Significant anterior displacement of the mandible
was observed by evaluating the changes in SNB in the
D-LVFH group; a similar change was not found in the
1-LVFH group, suggesting that the counterclockwise
rotation of the mandible produced by vertical control re-
sulted in not only an upward movement but also a for-
ward movement. The results also suggest that the
improvement of the oropharyngeal airway may be due
to areduction of the LVFH and a forward jaw movement.
Many previous studies have reported that vertical control
improves vertical skeletal deformity, corrects open bite,
and produces forward movement of the mentum.”**'~*
Consistent with the results of previous studies, our
findings further demonstrated that vertical control was
important for Class 11 hyperdivergent malocclusion
treatment, as it improved skeletal deformity in both
vertical and sagittal directions.

The anatomic characteristics reflect static changes in
the upper airway to some extent. In this study, the D-
LVFH group was the experimental group, and the 1-
LVFH group was the control group. Significant increases
in volume and CSA,,, were observed in the D-LVFH

August 2023 e Vol 164 e Issue 2

group, indicating that premolar extraction treatment
with effective vertical control promoted oropharyngeal
airway opening in patients with Class 11 hyperdivergent
malocclusion. The variation in CSA,;, was 43 mm? in
our study, which concurred with the results of a previous
intragroup study. The previous study found a 47.17 mm”
enlargement of the oropharyngeal airway after premolar
extraction treatment and reported a significant positive
correlation between the enlargements of CSA,;, and
the upward movement of the mandible."* The CSA;»
was significantly decreased in the 1-LVFH group, sug-
gesting that premolar extraction treatment with an
increased lower vertical facial height may narrow the
oropharyngeal airway. Cho et al’* also found that the
decreased glossopharynx after premolar extraction may
be due to a clockwise rotation of the mandible. These
findings suggest that an increased LVFH or clockwise
rotation of the mandible should be avoided in the ortho-
dontic treatment of patients with upper airway resis-
tance syndrome. Although the above-mentioned
previous studies found opposite results, both empha-
sized the influence of vertical control on the upper
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Fig 10. Comparison of aerodynamics during the inspiratory phase before and after treatment in the D-
LVFH group: A, AP (AP, decrease); B, Vhax (maximum velocity, decrease).

Fig 11. Comparison of aerodynamics during the expiratory phase before and after treatment in the D-
LVFH group: A, AP (AP, decrease); B, Vnax (maximum velocity, decrease).
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Fig 12. Comparison of aerodynamics during the inspiratory phase before and after treatment in the |-
LVFH group: A, (AP, increase), AP; B, Vhax (maximum velocity, increase).

Fig 13. Comparison of aerodynamics during the expiratory phase before and after treatment in the |-
LVFH group: A, AP; B, Vhax (maximum velocity, increase).
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Table IV. Skeletal and dental variables of the D-LVFH
and 1-LVFH groups before and after treatment

Parameters Pretreatment Posttreatment P value

D-LVFH group
SNB (°) 75.43 = 2.77 76.66 = 2.24  <0.001*
U1/SN (°) 102.67 £ 6.32 98.61 = 5.71 0.008*
U1-NA (mm) 5.02 = 2.45 3.23 £ 1.67 0.002*
L1/MP (°) 96.36 * 5.60 93.11 * 6.64 0.001*
L1-NB (mm) 8.27 = 2.85 6.78 * 2.81 0.001*
U6-PP (mm) 23.86 = 2.61 22.46 = 2.40 <0.001*
L6-MP (mm) 32.26 = 2.96 32.13 = 2.82 0.565
ANS-Me (mm) 70.83 = 5.32 68.77 = 494  <0.001*
LVFH (mm) 65.60 = 4.74 64.09 = 4.65 <0.001*
MP/SN (°) 39.70 (9.80) 37.40 (8.10) <0.001*

1-LVFH group
SNB (°) 75.96 = 2.27 75.93 = 2.24 0.921
U1/SN (°) 106.56 * 8.72 101.26 * 8.01 0.006*
U1-NA (mm) 6.44 * 2.20 4.81 £ 2.22 0.025*
L1/MP (°) 97.01 = 7.75 93.43 = 6.49  <0.001*
L1-NB (mm) 8.87 = 2.28 7.31 = 1.55 0.002*
U6-PP (mm) 23.61 = 2.84 24.38 = 2.40 0.016*
L6-MP (mm) 31.20 = 3.25 31.56 = 3.55 0.107
ANS-Me (mm) 68.18 = 4.91 69.86 = 4.82 0.003*
LVFH (mm) 64.06 = 4.90 65.07 = 4.88  <0.001*
MP/SN (°) 38.65 (6.70) 39.25 (6.82) 0.036*

Note. Values are presented as mean = standard deviation for normal
distributions and median (interquartile range) for nonnormal distri-
butions. Paired t test was used for normal distributions and Wil-
coxon signed rank test was used for nonnormal distributions.
*Statistically significant for P <0.05.

airway during orthodontic treatment.'*** In summary,
premolar extraction treatment with effective vertical
control benefits the anatomic characteristics of the up-
per airway after premolar extraction treatment.
Moreover, we did not observe a significant decrease
in volume in the 1-LVFH group, which was different
from the decrease in CSA,;i,. The volume results in the
1-LVFH group may indicate a trend rather than a statis-
tically significant change. This trend is consistent with
the study of Zhang et al'* on upper airway changes after
orthodontic treatment. Zhang et al'’ reported that the
effect of premolar extraction treatment on the upper
airway was not a reduction but a compensatory change
and emphasized the compensatory role of the upper
airway itself. The findings of Zhang et al'’ conflicted
with the results of other studies. For example, 2 previous
studies reported that premolar extraction treatment for
bimaxillary protrusion decreased the size of the upper
airway.'”'" These studies suggested that premolar ex-
tractions reduced the oral volume and limited the
tongue space, reducing the upper airway.'”'' We cannot
accurately explain the reason for the differences between
our findings and the previous studies. The potential
reason may be the guidance of tongue position and
habits. When we discover that patients have incorrect
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tongue position or bad tongue habits, we correct their
habits and guide their tongues to a specific position
(against the front of the palate) during breathing and
swallowing, which may prevent a significant reduction
in upper airway volume, even if vertical facial height in-
creases. However, we acknowledge that it is merely a hy-
pothesis that needs to be verified by further systematic
studies.

The aerodynamic characteristics somewhat reflect
dynamic functional changes in the upper airway. Airway
resistance (R) and maximum velocity (Vyn.,) are funda-
mental parameters used to estimate the severity of
0SA.'??>?>In this study, we selected R and V,,x as aero-
dynamic parameters to evaluate the dynamic function of
the upper airway.

In the D-LVFH group, we found significant reduc-
tions in R in the inspiratory phase and V. in the expi-
ratory phase, whereas no significant changes were found
in the 1-LVFH group, suggesting that effective vertical
control improved upper airway functions after premolar
extraction treatment. The beneficial effects of premolar
extraction treatment with effective vertical control on
the function of the upper airway were demonstrated
by simulating the airflow of the oropharyngeal airway
using CFD, which has been widely used in upper airway
assessment of patients with OSA, orthognathic surgery,
and rapid maxillary expansion'”**>?® whereas few
studies have reported changes in the aerodynamic char-
acteristics of the upper airway after premolar extraction
treatment. To the best of our knowledge, this study is the
first to observe changes in the aerodynamic parameters
of the oropharyngeal airway on the basis of CFD after
premolar extraction treatment with vertical control.

We found significant differences in the aerodynamic
and anatomic changes of the D-LVFH and 1-LVFH
groups. These findings may be explained by considering
the opposite changes in the upper airway between the 2
groups. These opposite changes further illustrate the role
of effective vertical control in improving the upper
airway after premolar extraction treatment. A previous
study showed that mandibular upward movement corre-
lated with the increase of the upper airway in premolar
extraction treatment through a comparison before and
after treatment.'* Based on a previous study, we further
demonstrated the beneficial effect of vertical control on
the upper airway by comparing premolar extraction
treatment in the D-LVFH and 1-LVFH groups. Our find-
ings suggest that the effects of vertical control should be
ensured in hyperdivergent Class 11 malocclusion, not
only for the improvement of skeletal and facial features
but also for the improvement of the upper airway.

This study evaluated the upper airway using CBCT
data captured in the upright position. Some studies
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Table V. Anatomic and aerodynamic characteristics of the upper airway in the D-LVFH and 1-LVFH groups before and
after treatment

Parameters

D-LVFH group-anatomic parameters
Oropharyngeal volume (mm?)
CSA i (mm?)

Aerodynamic parameters
Airway resistance during inspiration (Pa/L/min)
Maximum velocity during inspiration (m X s~ ')
Airway resistance during expiration (Pa/L/min)
Maximum velocity during expiration (m X s™')

1-LVFH group-anatomic parameters
Oropharyngeal volume (mm?)
CSA i (mm?)

Aerodynamic parameters
Airway resistance during inspiration (Pa/L/min)
Maximum velocity during inspiration (m X s~ ')
Airway resistance during expiration (Pa/L/min)
Maximum velocity during expiration (m X s™')

Pretreatment Posttreatment P value
16,612.00 (4692.00) 20,857.00 (12,862.00) 0.002*
177.00 (147.00) 324.00 (219.00) 0.016*
0.64 (0.79) 0.48 (0.44) 0.002*
2.19 (1.29) 1.81 (0.45) 0.063
0.60 (1.10) 0.46 (0.30) 0.061
1.81 (2.03) 1.68 (0.68) 0.032*
18,985.00 (13,219.75) 14,256.00 (10,188.00) 0.098
179.00 (136.75) 148.50 (132.75) 0.039*
0.46 (1.21) 0.56 (1.03) 0.408
1.60 (1.32) 1.63 (1.07) 0.326
0.53 (0.76) 0.68 (0.80) 0.460
1.36 (1.62) 1.87 (1.54) 0.063

Note. All the data do not conform to normal distribution, so values are presented as median (interquartile range) and compared by Wilcoxon signed

rank test.
*Statistically significant for P <0.05.

Table VI. Comparison of changes between the D-LVFH and 1-LVFH groups

Parameters

Skeletal and dental parameters
SNB (°)
U1/SN (°)
U1-NA (mm)
L1/MP (°)
L1-NB (mm)
U6-PP (mm)
L6-MP (mm)
ANS-Me (mm)
LVFH (mm)
MP/SN (°)
Upper airway-anatomic parameters
Oropharyngeal volume (mm?)
CSAmiﬂ (mmZ)
Aerodynamic parameters
Airway resistance during inspiration (Pa/L/min)
Maximum velocity during inspiration (m X s~ ')
Airway resistance during expiration (Pa/L/min)
Maximum velocity during expiration (m X s ')

D—LVFH group I-LVFH group P value
1.23 £ 1.22 —0.03 £ 0.99 0.001*
—4.05 * 6.69 —5.29 * 6.55 0.568
—1.78 * 2.45 —1.63 * 2.62 0.851
—3.24 * 3,94 —3.58 £ 3.12 0.768
—1.48 + 1.75 —1.56 = 1.65 0.881
—1.40 = 1.02 0.77 = 1.13 <0.001*
—0.13 = 1.07 0.36 = 0.84 0.118
—2.06 = 1.37 1.67 = 1.93 <0.001*
—1.51 = 1.07 1.01 = 0.83 <0.001*
—2.10 (2.20) 0.30 (0.82) <0.001*
2357.00 (6300.00) —343.00 (7097.25) <0.001*
43.00 (149.00) —9.50 (54.75) 0.003*
—0.15(0.37) 0.06 (0.39) 0.008*
—0.27 (1.16) 0.05 (0.91) 0.043"
—0.10 (0.46) 0.01 (0.46) 0.121
—0.24 (1.27) 0.30 (0.46) 0.005*

Note. Values are presented as mean =+ standard deviation for normal distributions and median (interquartile range) for nonnormal distributions.

Independent sample ¢ test was used for normal distributions, and the Wilcoxon rank sum test was used for nonnormal distributions.

*Statistically significant for P <0.05.

have reported differences in upper airway morphology
and functionality between the upright and supine posi-
tions.”” Importantly, the airway may be significantly
smaller when patients were in a supine position
compared with an upright position.”® Further investiga-
tions should evaluate the changes in the upper airway
after premolar extraction treatment with vertical control
based on CBCT data in the supine position.

August 2023 e Vol 164 e Issue 2

BMI may affect the physiological respiratory function
of patients. We did not collect data on BMI after treat-
ment. Instead, we observed the frontal photographs of
the patients to confirm that there was a negligible differ-
ence in the figures of the patients before and after treat-
ment. In addition, the morphology and function of the
upper airway are closely related to the quality of sleep.”™®
From the sleep perspective, we did not perform sleep
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breathing assessments, such as polysomnography.
Further analyses of relevant sleep breathing assessments
are warranted.

CONCLUSIONS

Effective vertical control decreases the LVFH and fa-
cilitates a counterclockwise rotation of the
mandible, which might improve the anatomic and
aerodynamic characteristics of the oropharyngeal
airway after premolar extraction treatment.
Vertical control is an important treatment to
improve skeletal features and oropharyngeal airway
in patients with Class 11 hyperdivergent malocclu-
sion with nonsevere crowding.
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