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3D Airway changes wing CBCT in patients following mandibular advancement
surgery with and without constriction

INTRODUCTION

Malocclusion caused by skeletal or dental factors is widespread with ethnicity
beingonefactor in the type of malocclusion observed. Class Il malocclusion is higher in
Caucasians of Northern European descenthereas the prevalence®lass I
malocclusions are more commonly found in the Hispanic and Asian population which
suggests a genetic compon&niccording to the National Health and Nutrition
Examination Survey (NHANES II) the prevalence of Class Il maloamus adults in
the United. Stateapproximated 3.4%?

Class Il carresult fromdentoalveolaabnormalitiesskeletaimalpositioning or
both. In"Class Il dental malocclusions, the lower molar is distally positi@h&tiveto
the upper molar but the skeletal bases are appropriately positimreskeletal Class I
maloalusion, the maxilla may be prognathithe mandible retrognathior a
combination: of botfi.® The majority of Class Il patientan be treatedonventionally,
howevervienthe deformity is severe, surgical interventioaybeindicated’. Severe
Class li'malocclusion can, in some cases, also learbtlical comorbidities such as
obstructivessleep apneahich affectsapproximately 13% of males and 6% femaites

the general populatioh.
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Orthognathic surgerfpr Class limay include single jaw or double jaw
approaches? *'When planningurgicalmandibular advancement, omaistalso
consider theransverselimension? Following advancement, a wider portion of the
mandible articulates with a narrower portion of the maxilla. A common treatsnent
widening.ef the maxilla through orthopedic rapidxilary expansion (RME) in younger
patients.or surgically assisted RME in adifts: An alternate approach iisandibular
advaneement with simultaneocsnstricton % 1°

With'the increased awareness of obstructive sleep apnea, attention has éocuse
airway changes resulting from orthodontics and orthognathic surgery. Previous
investigations have demonstratbdtmandibular advancemeistassociated withra
increasen the pharyngeal airway space (PA8)’Many of these studies have employed
lateral cephalogrant§ *°?°. To overcoméwo dimensional limitation<one beam

computed tomography¥CBCT) has been usét® %

to obtain a three dimensional (3D)
understanding of the resulticpanges anduantification of the airway volum&Vhile
recent studies have demonstrated airway changes resultingieiodibular advacement
alone, the'possible impact of simultaneous mandilagaancement withonstriction has
notbeen,evaluated. The specific aiinthis retrospective study to comprehensively
evaluatethe three dimensional airway chanf@esn CBCTscansn adultpatients
undergoingsurgicalmandibular advancement with and without simultaneous
constriction.
MATERIALS AND M ETHODS

Institutional review board exemption (HUM00108%8&s granted fothis
retrospective studynclusion criteria included adult patiemtéth preoperativgT1) and
postoperativéT2) CBCT scans whanderwent mandibular advancement surgery with or
without.constriction for the correction of Class Il skeletal malocclusiorcontrolfor
variability.in'head position, only patients witbnsisent head posturg5°) as assessed
by measuring theraniocervical angléN-S-Ba) were included. A total of 42 patients met
the inclusion criteria, 17 underwent mandibular advancement surgery with caorstrict
(11 female and 6 mal@nd 25 patients underwent advancement only (16 female and 9
male) Patients with syndromes, maxillary surgery, or obstructive sleep ap6éa (

were excluded.
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All scans were obtained with an EWOO Master 3D6BCT scanner EWOO
Technology USA Inc. Houston, Texas). The scan parameters were 90.0kV, 3.3mA,
20x19cm field of view, 15s exposure time, normal quality mode, 0.2mm slice thickness,
isotropic voxel size of 0.40mmll CBCT scans were da&lentified labeledsaved in
DICOM fermat.

Pre and possurgical cephalograms weegtracted from the CBCibr
every patientThe cephalograms were digitally trag€agure 1)and analyzed
using theeephalometrics for orthognathic surg@®GS analysis Dolphin
Imaging ™ Version 11.7.

THREE-DIMENSIONAL ANALYSIS

Prior'to analysisall scans were reorientéor consistencyFigure 2). In the
coronal plane (Figure 2A), the right and left inferior orbital borders algyaed
horizontally.Sagittally, (Figure 2B)the best fit of the zygomatic arch walggned
horizontally. Axially, thelateral walls of the orbits wepdacedtangent to each
other.

Thesairway volume (FigurdA) was bounded superiorly by the line
extending from posterior nasal spine (PNS) to the posterior pharyngeal wall and
inferiorly’by a parallel line from the anteriorferior border of C3 to the base of the
tongue. The posterior limit was the posterior ghgeal wall and the anterior
boundary was created by the soft palate and base of the toegdegy@nts were
placed.n‘the region of interest and airway sensitivity was set to 73. Eachaxan w
assessetb-confirm the volume remained within anatomic ayvaundaries.

Minimum axial airway was determined for entire airway as well as the
retropalatal Eigure3B: anterior-inferior border of Clgndretroglossal Figure
anterigrinferior of C2) regions.

The amount of constriction was assessed using illimatric distance
betweenstheight and leftgonial angls, the mesial lingual cusps of the mandibular
first molas.and cusps of the mandibutanines preand posbperatively.
STATISTICAL ANALYSIS

ANOVA was performed t@onfirm similar start forms betweepresurgical

groups. Paired ttestsperformedfor 2d and 3d comparison of preoperative to
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postoperative changes within groupéelch’s unpaired-test was used to compare
the changes pre and post surgically between the BS$anistriction group and
the BSSO only grougstatistical significance was set a p<0.05.

For intra and interexaminerreliability, a random number generator was used to
select 10.scanfrom both groups. The measurements wepeate® months after the
initial measurements. Both intra and iréaiaminer reliability testexhibited high
correlation‘'ranging from 0.912 to 0.98# all measures.

RESULTS
CEPHALOMETRIC RESULTS

ANOVA revealedo significant differences between the mandibular
advancement alone and timandibular advancement with constriction groups
presurgically T1). (Table 1) Mean mandibular advancem@-T1) was5.8mmin the
constriction group and 5aam in the non-constriction group witio difference between
groups:.The mandibular plane exhibited a statistically significant decrease x@.05
in the adyancement only group and no difference in the mandibular advancement alone
group. “Possurgically (T2) there was ndifferencein mandibular planbetween
groups=, Possurgically, ®ft tissue banges werebservedvith decreases ithe angle of
facial.eonvexity, (NA-PQg), upper lip protrusion (UISnPg’) lower lip protrusion (LL-
SnPg’) and interlabial gap reduction in both groups. Mandibular projecti®tg(G-
increased in both groups. Dentally, the lower incisor intruded in both groups{2©
1.3mm)sowever; there was no difference between groups. Transversely, the mandibular
advancement with constriction patieetdhibitedanaverage of 2.1mm of constriction at
the first molar an@®.8mm at the canine
3-DIMENSIONAL ANALYSIS RESULTS

The mandibular advancement with constriction patients exhibited wider
intermolar (38.5mm vs 35mm) and intercanine dimensions (27.8mm vs 264dtrtim)
start of treatmen(Table 2) At the conclusion, mandibular advancement with
constrictionpatientsexhibitedsimilar intermolar distanseas the mandibular
advancemenwithoutconstriction patients36.3nm vs 33.8nm) and intercanine

distances (26r@mvs 24.9mm).
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Airway volume (8.6&1m°, 4.29mm?°) and cross sectional airway measures
increasedt multiple sitesvithin both the mandibular advancement with constricfn
sites)and the mandibular advancement alone groups (11 sBes)keen groupsa single
statisticallysignificant differencavas observed for thminimum cross sectional area in
the region.between C2 and Clable 3)

DISCUSSION

To'comparawo differenttechniques, @tients with similapresurgical
cephalometric measures were selechedddition, the amount of advancement was
similar.. An expectedlifferencebetweertreatment groupwasthe intermolar and
intercaninewidths. At the start, mandibular advancement with constriction patients
exhibited wider intermolar (38mm vs33.7mm) and intercanine dimensions (27.8mm vs
25.9mm). Atthe conclusiomf treatmenmandibular advancement with constriction
patients exhibited similar intermolar distances as the mandidiancementithout
constriction patients (36.2mm vs 3616) and intercanine distances (2&m vs
25.9mm);

Both’‘groups experienceignificantskeletalmandibular advancement. The
amount.of advancement was nearly identvaidih only 0.3nm more advancement
(p>0.05)in the constriction group yielding a homogenous group of pafoemisect
comparison of the impact on two different surgical protocols.

Difficulties in measuring changes in airway space due terdifices in head
positionshave been reported previouSh/* Craniocervical angle change was usethe
presentistudy to assure consistent head position during their CBCT scan. Byingntroll
head positiorvia the craniocervical angle (p>0.05), the observed differences can only be
the result of surgery.

Todate, here is no consensusgardingairwvaymeasuremeran CBCTsMany
different approacheglifferent computer programdifferentregions ofinterestand/or
differentssegmentatiorere reported Current consensus is that airway should be
measured,ii3D ratherthan in2D to obtain not only the transverse measures, but also
airway volumes. Many previous publications recommend creating a regioerafsinby
extending and connecting lines frgralatal plane (anterior nasal spine to posterior nasal

spire), the posterior pharyngeal wadind aline tangent to hyoid that is parallel to palatal
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plane, and finally back superiorly to posterior nasal spine. To account for diffenrences
oral volume, patients are instructed to place the tongue in a consistent posHimurt wit
swallowing. In this investigation, hyoid was not visible in all patients so the inferior
boundary was modified to bdiae parallelto palatal plan¢hat was tangent to the
anterior.inferior border of the third cervical vertebra (€33 *°The airwaywas further
subdivided.to assess possible changesthopalatalpalatal plane to O, retroglossal
(Clto'C2),"and hymylossal (C2 to C3 regionssince constriction might have a variable
effect in‘each region.

As anticipated from previous investigations, the airway volume and cross
sectional areas increased at many levels in both groups. The advancemenbalone g
experienced more sites of enlargement (11 sites) than the advancement with constriction
group (6sites). The amount of volume increase in the mandibular advancement alone
group was nearly twice that of the mandibular advancement with constriction §r68p (
versus4.29 cf. However, possurgically both groups demonstrated similar airway
volumes«(25.6 versus 22.3 &n

Theschange iminimum cross sectional areas (MCSA) in the retropalatal and
retroglessal regions were equivalent. The change in location of the miniroas cr
sectiopal’area was alsonsistenbetween groups.

Within the hypoglosal region a difference was obserwéth the constriction
groupdemonstrating a small decrease (1.6jnamd the advancement only group
showingranyincrease (137.2 Mrin the minimum cross sectional are&s the mandible
constrictsydaxity can be createdthin the mylohyoid anéssociategbosterior
mandibular muscle groups. This observation was observediaghécross sectional
area at the anterignferior aspect of C3. Among mandibular advancement only patients,
an increase.of 107nfrvas observed while among the constriction group, a decrease of
39.2mnf.was observed.

Unfortunately gonial angle changdsave not been described in the literature
extensively. sincenandibular advancement with constrictisiess commonThe
information thatis availablecomes from posterior anterioephalograms thatre prone to
interpretation errors due to patient positioning and overlapping structéingge et al

reported an intergonial angle width increase of 6.5mm and changes in the angdilation o
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the proximal segments of 3.2 degrees post operatiV8gcktor et al reported 5.6mm
increase in the gonial angle region when evaluating postmierior cephalograrffs In

the current investigation, the gonial angle distance increased 4.7mm in theesdkeanc
only group and 2.2mm in the advancement with constriction group. The smaller
expansion,is expected because the proximal segment does not have to rotate as much.
Condusions:

Thelinvestigation suggests that mandibular advancement with constriction is not only
effective’in‘correcting the malocclusion but atkx®s not negatively affect airway

volume. Specific findingsvere:

1. sBoth Class Il mandibular advancement alone and mandibular advancement with
constrictionpatients show statistically significant increases in airway volume
following surgery.

2. Mandibular advancement alone patients gained nearly twice as much airway
space as mandibular advancement with constriction patients.

3. sMandibular advancement alopatientsshowed statistically significantly larger
increases in minimum axial area of the PAS when measured to between palatal

plane and C3 with the largest difference observed between C2 and C3.
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Figure Legends:
Figure:LkisArepresentative lateral cephalometric tracing with landmarks from the

Cephalometrics for Orthognathic Surgery (COGS) Analysis labled.

Figure 2+A representative Cone Beam Computed Tomography (CBCT) scan used for
orientation.

A: In the frontal phne, the orbits are leveled with respect to horizontal reference grid.
B: In the.sagittal plane, the zygomatic arch is leveled with respect to the horizontal
reference grid.

Figure 3: A representative CBCT airway segmentation.

A: Mid=sagittal slice from BCT depicting the “seed” points (yellow dots), airway region
of interest«(yellow box) and airway volume (purple area).

B. Retroplalatal airway (tangent to anterinferior aspect of C1)

C: Retroglossal airway (tangent to antetiioierior aspect of C2)

Table 1:

T1 T2
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Measure BSSO() BSSO(+) p BSSO() BSSO(+) p
Ar-PTM (/HP) (mm) | 33.4+3.7 | 30.5+ 4.8 | 0.0804| 33.3+3.8 30.7+ 3.7 | 0.07
PTM-N (/HP) (mm) | 58.1+ 3.7 | 58.4+45 [0.4370| 58.0+ 3.7 | 58.7+ 4.0 | 0.62
N-A-Pg (/) 11.4+9.6 | 14.3+6.7 |0.2945| 58 +7.7 6.0+ 6.2 | 0.92
N-A (//HP)*(mm) -1.9 + 50| -32+7.4 |05423] -18 +50 | -49+ 49 | 0.09
N-B (//HP) (mm) -15.9+ 9.9 | -20.3+11.9 | 0.2630| -10.3+ 8.2 | -14.6+ 9.6 | 0.19
N-Pg (/HP)«(mm) -15.3+11.9| -20.2+ 12.8] 0.2708] -9.3+ 9.8 | -14.6+ 10.7| 0.16
N-ANS (LHP) (mm) 559+ 3.8 | 576+ 32 |0.1135| 56.0+ 3.8 | 57.3+ 3.4 | 0.29
ANS-Gn(fHP)'(mm) | 69.3+ 7.1 | 67.4+ 6.1 | 0.9650| 69.7+ 7.6 | 68.3+ 5.9 | 0.56
PNSN (@HP) (mm) 56.1+ 4.0 | 56.8+4.4 |0.4327| 56.3+ 43 | 552+ 34 | 0.42
Mand Plane HP () 29.6+ 7.2 | 33.8+ 8.3 |0.1140| 284+ 6.6 | 33.2+ 8.3 | 0.09
Ul-NF(tHP)(mm) | 30.3+ 4.1 | 307 + 34 [0.3627| 30.3+ 4.1 | 306+ 34 | 0.81
U6-NF (LHP)(mm) | 24.0+ 3.4 | 240 + 21 [ 0.5024| 242+ 3.4 | 239+ 21 | 0.72
L6 -MP (1HP)(mm) | 31.5+ 5.1 | 305+ 29 [0.7505| 30.7+ 4.9 | 29.7+ 24 | 0.44
L1-MP (@HP)(mm) | 40.3+ 4.6 | 391 + 3.9 | 0.9374| 389%5.1 37.1+ 3.6 | 0.25
PNSANS (HP) (mm) | 56.6+ 5.2 | 56.8 + 41 | 0.7825| 56.5+ 5.0 | 56.3+ 3.9 | 0.88
Ar-Go (mm) 53.1+ 6.8 | 510 + 86 | 0.5506| 52.0+ 6.2 | 50.2+ 5.9 | 0.41
Go- Pg'(mm) 69.2+ 6.6 | 67.3+ 7.4 | 0.6214| 747+ 6.0 | 73.1+ 6.8 | 0.51
B-Pg(MP)-(mm) 6.9+ 24 | 73+ 270 | 0.4443] 65+ 27 5.8+ 2.2 | 0.37
Ar-Go-Gn () 122.3+ 3.5| 1245+6.4 | 0.2429| 123.8+ 5.1 | 125.0+ 6.2 | 0.57
OP-HP.() 92+ 49 | 120+ 68 | 02295 85+ 4.8 13.7+ 5.2 | 0.11
U1-NF () 1149+ 7.1 | 114.1+ 9.2 | 0.2888| 115.2+ 7.5 | 113.3+ 9.0 | 0.54
L1/Go-Me (°) 99.5+7.3 | 96.6+ 85 | 0.1524| 98.9+8.1 97.5+ 74 | 0.63
A-B (//OP)«(mm) 6.8+51 | -80+ 34 [0.3371] -20+ 3.2 04+ 3.3 | 0.06
Cephalometric preperative mean preperative start forms fadvancement only
(BSSO)and advancement with constrictiBSSO+).*p < 0.05
Table 2:

BSSC BSSO+

Measure T1 T2 T1 T2
Volume PP-C3 (cn?) | 13.59+ 4.70 | 22.28+ 8.03 21.3+10.9 | 25686
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Volume PP-C2 (cnT) 11.15+ 4.04 18.12+ 7.03 * 175+73 | 21.6+7.2 *
mCSAPP-C3 (mn?) | 123.44+62.14 | 242.96+ 108.34 | * 198.2 +125 | 217.8 £140.2| NS
mCSA PRC2 (mn?) | 140.73+65.19 | 291.38+ 112.15| * | 234.1+145.4] 388.0+203.7| *
mCSA PRC1 (mn) | 283.48+118.72| 396.56+115.03 | * | 397.6 +207.7| 496.4 +135.7| *
mCSAC1-C2 (mn’) | 136.61+67.04 | 281.26+126.09 | * | 237.4+149.3| 351.3+166.5| *
mCSA @2-C3,(mm’) | 140.06+ 65.76| 277.24+124.66 | * | 296.1+214.7| 294.5 + 198.5) NS
MCSA S4.C3 (mm) 22.6 £ 12.40 13.86+ 11.81 * 15.1 +16.2 7.5 %145 NS
MCSAS4"C2'(mm) 12.52+12.53 1442 + 1451 * 8.4+10.9 5.9 £13.5 NS
CSA @-AkLC1 (mmz) 274.30+ 114.35| 401.33+146.86 | * 391.1 +£220.0| 471.5+172.2] NS
CSA @ Al C2 (mmz) 175.61+77.21| 349.65+147.71 | NS | 296.0 + 164.6| 429.9 + 180.6] *
CSA @ AIC3 (mmz) 187.43+93.64 | 29455+ 154.27 | * 232.2 £110.6| 193 +107 NS
Craniocervical Angle 108.53+ 7.50 107.69+ 6.96 NS 119.6+£8.1 118.1+7.2 NS
)
R-L Gonial Angle 85.51+ 7.49 90.27 £7.09 * 84.9+6.64 87.1£7.92 *
Distance(mm)
R-L Lower Molar 33.7£2.35 33.56+ 2.23 NS | 38.3+3.25 36.2+3.6 *
Distancgmm)
R-L Lower Canine 25.9+2.37 25.94+ 2.54 NS | 27.8+246 | 265+264 | NS
Distance(mm)

Preoperative and posiperative airway volume, minimum cross sectional areas (mMCSA),

andtransverse changes for the mandibular advancement alone-jB88®@andibular

advancement with constriction (BSSO+) groups. Statistical significdide&Z) within
groups-neted as *p<0.05, **p<0.01, and ***P<0.001.

Table 8:

Measure BSSOf) BSSO(+) p
Advaneement (mm) 5.5 5.8 NS
Volume PR-C3 (cn?) 8.68 4.29 NS
Volume PR-C2 (cn?) 6.79 4.11 NS
mCSA PP-C3 (mmz) 119.52 19.65 0.0047*
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mCSA PRC2 (mn) 150.65 153.88 NS
mCSA PRC1 (mn) 126.70 98.81 NS
mCSA C1-C2 (mnr) 144.65 113.97 NS
mCSA C2-C3 (mnr) 137.17 -1.6 0.0229
MESA'S| C3 (mm) -8.73 -7.62 NS
mCSAS| C2 (mm) 1.894 -2.46 NS
CSA.@ ALC1 (mnT) 127.03 80.4 NS
CSA'@'Al C2 (mnT) 174.04 133.9 NS
CSA-@:Al C3 (mnT) 107.12 -39.25 NS
Craniocervical Angle (°) -0.83 -1.31 NS
R-L Gonial"Angle Distance (mm) 4.76 2.21 NS
R-L Lower Molar Distance(mm) -0.13 -2.11 NS
R-L Lower Canine Distance(mm) 0.04 -1.33 NS

Change.inspre-operative and pogterative airway volume, minimum cross sectional
areas (mESA), and transverse changes between the mandibular advancement alone
(BSSQ) and mandibular advancemaenmith constriction (BSSO+) groups. Statistical

significance (Welches unpaired t tbstween groupaoted as *p<0.05, **p<0.01, and

***P<0.001. Welches unpaired t test was performed.
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