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SUMMARY

Introduction/Objective Maxillary or mandibular retrognathism are common dentofacial deformities
treated by combined orthodontic-surgical treatment. Surgical maxillary or mandibular advancement
changes the position and strain of surrounding structures, which may also affect pharyngeal airway
dimensions.

The aim of this study was to evaluate and compare three-dimensional pharyngeal airway space changes
in patients treated with maxillary advancement and those treated with mandibular advancement.
Methods The sample consisted of 25 patients — 12 treated with maxillary advancement and 13 with
mandibular advancement surgery. Nasopharyngeal (NP) volume, oropharyngeal (OP) volume, and the
area of maximum constriction (AMC) in the OP were measured on cone beam computed tomography
scans (2 mA /120 kV / 12" FOV) taken before and at least three months after surgery. Paired samples
t-test was used for analyzing statistical significance of changes (p < 0.05).

Results Postoperative OP and NP volumes, as well as the AMC, increased insignificantly in both groups.
Conclusion Results suggest that mono-maxillary surgical advancement of the maxilla or the mandible
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increases pharyngeal airway dimensions.
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INTRODUCTION

Dentofacial deformities are handicapping devi-
ations that compromise patients’ facial features,
masticatory function, and pharyngeal airway
space (PAS). Since orthodontic treatment alone
rarely yields satisfactory results in these pa-
tients, orthognathic surgery for repositioning
the jaws is usually recommended. Surgical cor-
rection changes the position and strain of sur-
rounding structures, therefore improving facial
esthetics and occlusion. Moreover, surgery may
also affect the dimensions of the oral and nasal
cavities, as well as the PAS dimensions, hence
improving or impairing breathing [1-5].

Class IT and Class IIT are common den-
tofacial deformities treated by combined
orthodontic-surgical treatment. Class II de-
formity caused by mandibular retrognathism
is treated with a combination of orthodontics
and mandibular advancement, most commonly
achieved by bilateral sagittal split osteotomy
[6]. Class III deformity caused by maxillary
retrognathism is treated with a combination
of orthodontics and maxillary advancement,
which makes up about one half of Class III
skeletal deformity treatments [7].

The aim of this study was to analyze and
compare three-dimensional (3D) pharyngeal
airway changes in orthodontic-surgical pa-
tients treated with maxillary advancement and
in those treated with mandibular advancement.

METHODS

The sample of this retrospective study consisted
of 25 non-growing subjects who underwent
combined orthodontic-surgical treatment at the
Case Western Reserve University in Cleveland,
OH, USA. According to the type of surgery, the
sample was divided into two groups. Group A
consisted of 12 patients treated with maxillary
advancement, and group B consisted of 13 pa-
tients treated with mandibular advancement.
The groups were matched for age and sex.
Patients from both groups were treated with
standard edgewise appliances and had cone
beam computed tomography (CBCT) scans
taken before (T1) and at least three months
after surgery (T2) using a custom Hitachi CB
MercuRay scanner (Hitachi Medical Systems
America Inc., Twinsburg, OH, USA). The CB
MercuRay scanner used had custom settings in
order to provide the lowest radiation exposure
possible while maintaining acceptable diagnos-
tic image quality [8, 9]. This modification was
made in order to fully comply with the ALARA
(as low as reasonably achievable) standards. All
images were taken at 2 mA, 120 kV, and a 12-
inch field of view (F Mode) setting. Each pa-
tient’s image data consisted of 512 slices, with
an isometric voxel size of 0.377 mm, a resolu-
tion of 1024 x 1024 pixels and 12 bits per pixel
(4,096 greyscale). The images were taken in the
sitting position with the patient’s head in the
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Figure 1. Image orientation on the axial, sagittal, and coronal slice

natural head posture, teeth at maximum intercuspation
and at the end of the exhalation period when the patient
was not swallowing. Scanning time was 9.6 seconds.

InVivo Dental Software (Anatomage Inc., San Jose, CA,
USA) was used to analyze DICOM (Digital Imaging and
Communication in Medicine) images. The images were
first oriented using the Patient Orientation tool in the
Section View according to the axial, sagittal, and coronal
slices. The midsagittal plane was determined according
to the foramen incisivum on the axial slice (Figure 1a); the
palatal plane was adjusted to coincide with the True Hori-
zontal Plane on the sagittal slice (Figure 1b); infraorbitale
points were aligned on the coronal slice (Figure 1c). The
images were further processed in the Volume Render View
section, by putting them in greyscale view, setting Recon-
struction to Maximum Intensity and moving them upward
or downward with the Patient Orientation tool in order to
overlap the palatal plane with the central horizontal line
of the grid. Airway volumes were calculated in the Vol-
ume Render View. The images were kept in greyscale view
and reoriented to Top View. Reconstruction was set back
to Volume Rendering and images were inversed, opacity
reduced until the internal structures became visible and
unnecessary parts were removed with the Sculpting Tool.
Opacity was increased and brightness and contrast were
reset after isolating the desired airway in order to obtain
a solid airway before calculating the volume.

Nasal passages

For the calculation of the nasal passage (NP) airway vol-
ume, inferior border of the NP was determined by the
horizontal line through the palatal plane (Figure 2a), and
the superior border was determined by moving the axial
reference plane on the sagittal slice until noting on the axial
slice that it has reached the point where the nasal septum
first touches the posterior wall of the pharynx (Figure 2b).
The superior-to-inferior border distance was measured
with the Distance Measuring Tool on the sagittal slice in
the Section View. The 3D Volume Clipping Tool was used
for cutting the airway along the axial plane in the Volume
Render View. Scrolling the mouse wheel moved the clip-
ping plane where needed until it coincided with the inferior
NP border. The distance between the superior and inferior
border transferred from the Section View was marked us-
ing the Distance Measuring Tool and the part above the
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Figure 2. Pharyngeal airway borders

superior NP border was removed with the Clipping Tool.
After reorientation to Top View, maxillary sinuses were
clipped from the final NP volume. The remaining borders
were determined by the software since we used automatic
segmentation for measuring all volumes, i.e. the Volumet-
ric Measuring Tool, which calculates and displays volume
measurements in cubic millimeters and cubic centimeters.

Oropharyngeal airways

For the calculation of the oropharyngeal passage (OP)
airway volume, inferior border was determined by the
horizontal line through the most of the antero-inferior
point of the second cervical vertebrae (Figure 2¢), and the
horizontal line through the palatal plane was used as the
superior border (Figure 2a). The NP airway volume view
was flipped to the opposite side, making the palatal plane
the superior border. The distance between the superior
and inferior border transferred from the Section View was
marked using the Distance Measuring Tool and the part
below the inferior border was cut using the Sculpting Tool.
The Volumetric Measuring Tool was used for obtaining
the OP volume value.

Area of maximum constriction in the
oropharyngeal airways

The point of maximum constriction in the pharynx was de-
termined on the sagittal slice by moving the axial reference
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plane on the corresponding axial slice. The area of maxi-
mum pharyngeal constriction was measured on the axial
slices using the Area Measuring Tool.

Cephalometric analysis

Cephalograms were generated from the DICOM files and
analyzed using the Dolphin Imaging software version 11
(Dolphin Imaging, Chatsworth, CA, USA). SNA, SNB, and
ANB angles and A-Nperp and B-Nperp linear measure-
ments were used for determining sagittal jaw positions
and relationships.

This methodology has previously been proven success-
tul [10, 11, 12]. All measuring was done and re-tested by
an experienced operator (NLjS) trained by an expert in
the field (JMP).

Ethics

The images used were pre-existing, taken as a part of the
standard diagnostic procedure. All the patients signed the
informed consent form allowing the use of their records
for research and publication purposes. The Human Re-
search Ethics Committee of the School of Dental Medicine
of the University of Belgrade approved this research (reso-
lution number 36/20 from December 14, 2009).

Statistical analysis
The obtained data was organized and descriptive statis-
tics [means, standard deviations and ranges for pretreat-

ment (T1) and post-treatment (T2) records] was done
using Microsoft Office Excel 2010 (Microsoft Corpora-

Table 1. Average age and sagittal parameters for groups A and B
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tion, Redmond, WA, USA). Detailed statistical analysis
was performed in the SPSS software Version 12 (SPSS
Inc., Chicago, IL, USA). The intraclass correlation coef-
ficient was used for determining intra-operator reliability
for each measurement. Since the Kolmogorov-Smirnov
test revealed the normality of distribution for all data,
parametric tests were employed. Statistical significance of
changes between T1 and T2 was analyzed with the paired-
samples t-test. The level of significance was set at p < 0.05.

RESULTS

The intraclass correlation coefficient values revealed high
reproducibility and reliability of all parameter measure-
ments (r > 0.95).

Cephalometric measurements and mean ages at T'1 and
T2 are presented in Table 1 for both groups. Pharyngeal
airway measurements are shown in Table 2. Postoperative
volumes of the OP and NP, as well as the AMC, increased
in both groups without statistical significance (Table 2).

NP volume distribution before and after surgery is pre-
sented in Figure 3 for group A and in Figure 4 for group
B. OP volume distribution before and after surgery in pre-
sented in Figure 5 for group A and in Figure 6 for group B.
AMC values distribution is shown in Figure 7 for group A
and in Figure 8 for group B.

DISCUSSION

Orthognathic surgery changes the position and strain of
the surrounding structures, which affects the location and

Age (years) SNA SNB ANB
T1 T1 T2 T1 T2 T1 T2
Mean + SD Mean + SD Mean + SD Mean + SD
Sfl:g A 20.93 +9.87 77.98 +5.93 82.17 £6.34 80.32+5.19 80.13 £ 5.40 -2.14+ 214 2.02+1.93
Group B
n=13 2248 +10.37 82.81 +3.57 82.75+3.54 75.91 +3.09 79.02 +3.37 6.9+2.84 3.81+2.89
Table 2. Descriptive statistics and comparison of pharyngeal airway measurements at T1 and T2 for groups A and B
T1 T2 A
P value
Minimum | Maximum ‘ Mean ‘ SD Minimum | Maximum ‘ Mean ‘ SD T2-T1
Group A
n=12
NP volume (mm?3) 186 14,302 |6,033.58 | 3,908.87 1,715 1,4834 |6,145.00 | 3,644.96 | .889 111.42 £2,709.43
OP volume (mm?) 2,392 8,993 6,399.08 | 1,957.25 3,005 1,4491 |7,473.67 |3,351.08| .149 | 1,074.58 +2,400.11
AMC (mm?) 32.56 304.5 175.81 81.44 79.09 348.15 193.83 | 64.01 364 18.02 £ 65.91
Group B
n=13
NP volume (mm?) 3,993 10,154 |6,371.77 | 1,838.37| 3,355 10,458 |6,890.46 |2,314.34| 0364 | 581.69 + 1,983.99
OP volume (mm?3) 1,965 13,742 |7,762.92 | 3,655.67 | 3,240 15,358 |8,214.46 |4,012.35| 0.608 | 451.54 +3,088.16
AMC (mm?) 41.77 310.02 194.31 86.29 90.09 41941 208.62 | 99.40 | 0.609 1431+ 98.23
NP - nasal passage; OP - oropharyngeal passage; AMC - area of maximal constriction in the OP;
*p < 0.05;
**p < 0.01;
**%p < 0,001
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Figure 3. Nasal passage (NP) volume distribution before and after
surgery for group A

Figure 4. Nasal passage (NP) volume distribution before and after
surgery for group B
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Figure 5. Oropharyngeal passage (OP) volume distribution before and
after surgery for group A

Figure 6. Oropharyngeal passage (OP) volume distribution before and
after surgery for group B
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Figure 7. Area of maximal constriction in the oropharyngeal passage
(AMC) values distribution for group A

tension of connected tissues and dimensions of the oral
and nasal cavities and the PAS [2]. The amount and direc-
tion of skeletal movement determines the quantity of PAS
dimension changes [1, 2, 5].

The objective of this study was to evaluate PAS changes
in patients treated with surgical maxillary advancement
and in those treated with surgical mandibular advance-
ment. All patients had CBCT scans taken before and after
surgery as a part of the standard diagnostic and treatment
planning procedure, which enabled us to preform detailed
analysis of the pharyngeal airways using the DICOM sets
of images [13].

Looking at the results of the study, we can clearly see
that both nasopharyngeal and oropharyngeal volumes, as
well as the area of maximal constriction in the pharynx
increased in both groups of our sample, i.e. after maxil-
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Figure 8. Area of maximal constriction in the oropharyngeal passage
(AMC) values distribution for group B

lary or mandibular advancement. However, these changes
lacked statistical significance.

Several authors have investigated the effect of mandibu-
lar advancement on pharyngeal airway dimensions using
either CBCT images or lateral cephalograms. Kochel et
al. [14], using CBCT images, found significant increase
in the total pharyngeal airway volume five weeks after
mandibular advancement, the increase being most pro-
nounced in the lower third of the PAS. The increase in the
pharyngeal area was most evident at the level of the soft
palate, and changes were more noticeable in the sagittal
dimension, again especially in the lower third of the PAS.
Herndndez-Alfaro et al. [15] also analyzed CBCT scans of
patients treated with mandibular advancement and found
an increase in airway volumes after surgery. Dalla Torre
et al. [16] reached a similar conclusion by analyzing both
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lateral cephalograms and CBCT images of patients before
and after surgery. They noticed significant increase in both
2D and 3D pharyngeal airway measurements six to eight
months after mandibular advancement. Another study
done on lateral cephalograms also found an increase in
PAS dimensions [17]; however, Eggensperger et al. [18],
who followed patients for 12 years after surgery and ana-
lyzed their lateral cephalograms, found that mandibular
advancement alone did not increase pharyngeal airway
dimensions in the long term. The main drawback of that
study was the fact that they had used lateral cephalograms,
which do not give us enough information regarding the
PAS dimensions, namely one of the most important as-
pects, the area of pharyngeal constriction, can only be
analyzed on axial slices of CBCT or CT images. In their
overview of systematic reviews on the topic of the effect of
mandibular advancement on pharyngeal airways, Tan et
al. [19] concluded that more evidence was needed in order
to draw conclusions related to the effect of mandibular
advancement on pharyngeal airways.

When it comes to the connection between maxillary
advancement and PAS dimension changes, not much has
been published to date. Hernandez- Alfaro et al [15] found
an increase in PAS volumes after analyzing CBCT scans of
patients treated with maxillary advancement. However, this
increase was less pronounced compared to that recorded in
the group treated with mandibular advancement.

The increase in pharyngeal airway dimensions after
mono-maxillary surgical advancement of the mandible or
of the maxilla is especially important for patients suffer-
ing from obstructive sleep apnea syndrome (OSAS). The
OSAS is a breathing-related disorder that occurs during
sleep and is commonly associated with a compromised
PAS and an increase in upper airway collapsibility [20]. It
is a common medical condition in the general population
nowadays, and we are often challenged by the potential
link between pharyngeal airway dimensions and the OSAS
in our patients [21, 22]. Therefore, the assessment of the
PAS is becoming an important part of the diagnostic pro-
cedures in orthodontics and maxillo-facial surgery, and is
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HPOMEHE (I)apMHI'ea.ﬂHMX Ba3AyWHUX NyTeBa HAKOH MOHOMaKCHU1apHe

OpPTOrHaTCKe Xupypruje

Hepa Jb. CrepaHosuh', Mapuja Knskosuh-CaHguh', XyaH MapTuH Manomo?

'YHusep3uteT y beorpagy, CromatonoLuku ¢pakyntet, KnuHuka 3a optoneaujy Bunuua, beorpag, Cpbuja;
2YHnBep3utet Case Western Reserve, CromaTtonowku ¢pakyntet, KnuHuKa 3a OpTOAOHUMjY U KpaHWObaLUjanHu UMALIMHT LEHTap,

Knusneng, Oxajo, CA}

CAXETAK

YBoa/Lumb PeTporHatrsam ropre BUIMLe 1 peTporHaTtrsam
[oHe BUnuLe cy Yectu feHTodaumjanHm gedopmMnUTeTH, Koju
ce ieye KOMOGVMHOBAHOM OPTOLOHTCKO-XVPYPLLKOM TEPanmjom.
X1pypLLUKO MOMepatbe ropHbe Ui AoHe BANULE YHANPea Mera
NONOo»aj 1 HaNeToCT OKOJHKX CTPYKTYPa, LUTO Takohe yTuye Ha
[UMeH3Vje GapuHreanHux Ba3ayLUHNX NyTeBa.

Linsb nctpaxkneara 610 je fa ce NpoLeHe 1 ynopege Tpoau-
MEH3MOHaNHe NpoMeHe GpaprHreanHux BasayLUHVX NyTeBa KO
60MECHMKa NNEYEHNX XPYPLLKIM NOMEPatbeM ropHbe UIN Iokbe
BUNULE YHanpena.

MeTope Y30pak UcTpaxuBatrba Cce cacTojao of 25 6onecHnKa —
12 neyeHnX XMpypLIKUM MOMeparem ropkbe sunutie 1 13 neve-
HUX XVIPYPLUIKM MOMepakbeM JOoHe BUIULe yHanpea. 3anpemu-
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He Ha3zodaprHKCa 1 opodaprHKCa 1 MOBPLLMHE HajyXKer Aena
dapuHKkca cy mepeHe Ha CBCT cHumumma (2 mA /120 kV /12"
FOV) HanpaBsbeHUM Npe 1 6ap TPy MeceLia Nocsie XMpypLUKe
KopeKuuje. CTyaeHTOB T-TECT 3a ynapeHe y30pKe je kopuwwheH
3a aHanM3y CTaTUCTMYKe 3HaYajHOCTV NpomeHa (p < 0,05).
Pe3synTatu 3anpemuHe HazodapuHKca 1 opodaprHKca 1 NoBp-
LUMHe Hajyxer fiena dpapriHka nosehane cy ce nocne XmpypLiKor
romepara ropke Unu Jowe Bunue yHanpes. Cratncruyka
3HauajHOCT Huje 3abenexeHa.

3aksbyuak Pe3ynTati ykasyjy Ha TO ja XMPYpPLUKO NoMepatbe
roptbe Ui Aokbe BUMLe yHanpes 4oBoau fo noseharba au-
MeH3mja papuHreanHux BasayLwHyX nyTeBa.

Kmbyune peun: CBCT; MOHOMaKCMIapHa OpTOrHaTcKa Xupyp-
rvja; apriHreanHn BasayLHy NyTeBn
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