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ABSTRACT

A patent airway is one of the important factors floe normal growth of the cranio facial structuresNasorespiratory
function and its relation to cranio facial growth of great interest, not only for the ortho denkst for paediatricians,
otorhinolaryngologists, speech pathologists andceottmembers of healthcare community. The normal tiraf/the skull

is closely associated with the growth and functibthenasalcavities, thenasopharynx and theoropirary
KEYWORDS:Oropharyngeal Airway
INTRODUCTION

The effects of breathing and its participation manio facial growth and development have been thiective of
orthodontic diagnoses and treatment plans. Alnatin upper airway breathing, may affect the dgwelent of structures

and functions of the stomatognathic system duraeipf growth.

The size of the pharyngeal airway space is of itgmme in its relationship to themorphology of tleced
including mandible. Nasal breathing becomes diffiand mouth breathing becomes necessary becauke ofduction of

the nasopharyngeal airway space

Harvold® reported that the lower border of the mandibleobees steeper and the gonial angle increases inhmout
breathing animals. The lowering of the mandible vialfowed by a downward displacement of the maxilldus,
achangein breathing pattern led to a variety ofesband dental deformities in subjects that do erdinarily develop

malocclusions.

The pre disposing factors for obstruction of theuyhgeal airways are allergies, environmentalants and
infections, which area menable to adequate tredtmed also natural anatomical pre disposition afower airway

passagés

The pharynx is a tube shaped structure which iméor by muscles and membranes. It is located beéhandasal
and oral cavities which extends from the cranialeb the level of the sixth cervical vertebra #rellower border of the
cricoid cartilage. Its length is approximately 12 14 cm. It is divided into three parts: nasopharyropharynx, and

hypopharynk

Thenasopharyn geal airway (NA) is a cone-shapee tiodéit consists of muscles and mucosa. It alsodesl the

adenoid, a complex network of lymphatic tissuesied in the posterior area. In growing childrergdisposing factors,

| Impact Factor(JCC): 5.8648 — This article can be dowatted fromwww.impactjournals.us |




[ 10 Dr Sandhya Lohakaré

repeated infection or inflammation usually leachtienoidhy pertrophy and constriction of the postesirway. Children

with narrowed nasopharyngeal airway tend to usetmbreathing because of partially impaired nasspirationfunction.

The oropharyngeal airway (OA) lies between the pafate and the hyoidbone. Many reports have detraied
a relationship between various malocclusion pasternd variations in the size and form of the orophgeal airway

caused by palate and/or tongue posftidine hypopharynx is the area of the pharynx catadtide epiglottis.

The nasopharynx and the oropharynx have signifilmaattions and functions because they form a datteounit
in which respiration and deglutition are carried. dthe nasal portion of the nasopharynx has boagnehts in its wall,

thus rigid whereas pharyngeal part is contractla aesult of the muscular nature of its fvall

Nasalobstruction which is secondary to hypertrogihiferiorturbinates, adenoidal pad hypertrophy and
hypertrophy of the faucial tonsils can cause ctwranbuth breathing, loud snoring, obstructive sleppea, excessive
daytime sleepiness and even cor pulmonale. Indiigtion, a number of postural changes such adilanposture,
downward and forward positioning of the tongue @xtension of the head can take place. If theseupasthanges
continue for along period, especially during thévacgrowth stage, then different levels of seveirident facial disorders,

inadequate lip structure, long face syndrome amuaid facies can beséen

Evaluation of the airway has become an importapéetsin orthodontic treatment planning. An excdlienay to
identify the symptoms of airway disorders is bylagting the initial orthodontic screening. Clinictdtection of structural

narrowing of the upper airway may facilitate eaggognition of obstructive sleepapfea

The methods to view the airway includes cephalaorattiographs, CBCT, and MRI. Lateral cephalomedid@
graphs were the only method used before CBCT antl Mi#s method had the limitation of imaging a 3ftusture in 2
dimensions. Volume and cross-sectional areas conicbe accurately assessed with lateral cephalamstio graph$
Some additional limitations with lateral cephalorimeadio graphs are image magnification orenlargamdistortion,
structure overlap, limited identifiable landmarkad positioning problefisRecently, it has become possible for magnetic
resonance imaging (MRI) to determine accuratelypth@ryngeal airway volume. The development andemgintation of
MRI for the assessment of OSAS has provided usefatmation on structural alterations in the phaygal airway, the
location of abnormal sites, and the severity ofegp\s magnetic resonance imaging (MRI) provideskant soft tissue

resolution and three dimensional reconstruction) MRonsideredasa diagnostic modalityfordSA

Thus, evaluation of upper and lower airway spaceilshbe an integral part of diagnostic and treatnpéamning,
so as to achieve functional balance and stabilitickvis essential. Hence this study is aimed tosmesthe airway volume

and dimensions in skeletal Class | and Class toar(“hypo-divergent” and “hyper-divergent) skilepatterns.

AIM AND OBJECTIVES

Aim

The present study aimed to evaluate the pharyrage@hy dimensions of individuals presenting witle tfifferent growth

patterns in skeletal Class | and Class Il maloéshssusing MRI.
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Objective

* To evaluate the pharyngeal airway dimensions ires&le Class Il individuals with Hypo divergent grtw

pattern.

e To evaluate the pharyngeal airway dimensions ineskieClass Il individuals with Hyper divergent grih

pattern.
e To evaluate the pharyngeal airway dimensions iteskieClass | individuals.

* To compare volume of the pharyngeal airway in dkél€lass | and Class Il individuals with Hypo digent

growth pattern.

* To compare volume of the pharyngeal airway in skél€lass | and Class Il individuals with Hyper eiigent

growth pattern.

e« To compare volume of the pharyngeal airway in skél€lass Il individuals with Hypo divergent and péy

divergent growth pattern.
MATERIALS AND METHODS

The present study was carried out to evaluate antpare the upper and lower pharyngeal airway vojumth and area
in skeletal Class | and Class Il hypo-divergent hyger-divergent skeletal pattern. A total of 6@igrats between the age
group of 16 to 30 years which were grouped intdetké Class | (n=20), Class Il hypo-divergent (ny2Md hyper-
divergent skeletal pattern (n=20) were selectethftioe Department of Orthodontics and Dento facidh@paedics of our

institute. The study was initiated after the cleasafrom the Institutional Ethics Committee.
Inclusion Criteria

» Patientsaged16-30years.

« Patients desiring orthodontic treatment.

« Patients with skeletal Class | and Il hypo divetgard hyper divergent facial form.
Exclusion Criteria

» Patients with history of orthodontic treatment.

» Patients with congenital anomalies.

» Patients with history of adenoidectomy ortonsileny.

« Patients with nasal obstruction or any other symstof respiratory pathology.

« Patients with history of surgery in the head anckrregion.

» Patients with neuromuscular disorder.

« Patients with history of trauma.
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Methods

Samples were classified according to the followpagameters:

Establishment of Study Groups

Antero-posterior and vertical skeletal type waslelished from the pre-treatment lateral cephalogram

» Antero-posterior skeletal type: The study sample wategorized in Class | and 1l skeletal patterith WANB
angular measurements. This refers to the skeldéals@r the relationship between the maxilla ardniandible

with respect to the cranial base. For that, then8ts ANB angle was used (Class | =2° + 2°, Cliasd°)®.

» Vertical skeletal pattern. This refers to the \aaticraniofacial growth of the mandible with respiecthe cranial
base. Sella-Nasion to Gonion-Gnathionangle (SN.Gdfat is the angle between S N and Steiner's rbatati
planes was used to divide the sample into hyporgderd, Normo divergent, hyper divergent growth graits with

values of < 32°, 32° and > 32° respectively.

» Lateral cephalo metric radiographs were takendéehalostat (Kodak 8000cG-XR-29461 machine). Alljscts
were positioned in the cephalo stat with the salgjitane at a right angle to the path of the x-ragd the
Frankfort plane was parallel to the horizontal plamd the teeth were in centric occlusion. All cagliaphs were
manually traced and whole angular and linear measents were recorded by a single investigator aeck w

reviewed twice by other investigators for accurated mark identification.
Acquiring Image Data

Studies were performed using a 1.5 Tesla magnesicnance imaging scanner (GE health care) (figihce head and
neck position may alter upper-airway soft-tissurfiguration and upper-airway geométhy’, subjects were aligned in the
Frankfort plane (a plane bisecting the soft tisstithe orbit and the tragus of the ear, perpendictd the scanner table)
prior to the scanning. Foam pads were placed betwee patient's head and volume neck coil was veceeach side to
ensure that head movement did not occur durindtRé scanning. Throughout the scan, patients rendainghe supine
position and were instructed to breathe normallpugh their nose and were encouraged to refraim Swallowing. All
images were taken during wakefulness which wasredsaith frequent communication with the subje&iach study was
initiated with a 3.5-minute sagittal localizing spécho scan [TR (repetition time)=400.0 ms, TE ¢etime)=16.0 ms,
256x128 matrix, 1 NEX, flip angle=90°,FOV(field efew)=24.0 cm, slice thickness of 3.0 mm, and 1%,mskip to
establish the rostral and caudal margins of theeupgrway (roof of the nasopharynx and the basdaofnx).
Subsequently, a 4.0-minute contiguous axial T1-heid spin echodata set (TR=400.0 ms, TE=16.0 mssN&X, flip
angle=90°, FOV=24.0 cm, slice thickness of 5.0 nmd 8.0 mm skip) was acquired from the roof of tlsapharynxto
the vocal cords.

Anatomic Definitions and Measurements

To build 3D models of the airways for the 60 sutjethe MRI data were loaded into Insight SNAP wafe (version
1.4.0, Cognitica, Philadelphia, Pa). There aret@riactive steps to these gmentation: selecticsnahitial threshold and
placement of initial seed regidnsThe segmentation process is then defined asdhstruction of 3 D virtual surface

models (called segmentations) by regional growththef initial seed region stomatch best the voluimedata. This
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segmentation method has been described, validateldiested for accuracy which is superior to theventional slice-by-
slice, manual tracing method. The limits for segtagon and an example of a virtual surface modethef pharyngeal

airway are shown in the following figure.

Once segmented, the pharyngeal airways were refimenbtain the true shape of the airway by elimingat
projections that did not belong to the airway amehtwere subdivided into superior and inferior cartpents by a plane
per pendicular to the sagittal plane that incluthedposterior nasal spine and the lower medialdroofithe fourth cervical
vertebra.

Airway volumes were measured in cubic milli-metesth the Insight SNAP measuring tool. The limitoated
for the upper pharyngeal portion were those propdse Eland Paloni3 (fig 2). The upper limit of upper pharyngeal
portion was defined in the sagittal view as the limiting the posterior nasal spine and the So(imigdint of the sella-
basion line) pointS8and its posterior limit was defined in the sagitt@w as a line approximately perpendicular to the
palatal plane that intersects the So point and Itleer limit of then as opharynxsegment was the tphlalane
(fig3).Thelowerpharyngealportion’supperlimitwasthaégialplaneextendedtotheposteriorpharyngealwalihehawerlimitw
astheplaneparallelto the palatal plane that intéesethe lower and most anterior point in the fowervical vertebra and
epiglottis (fig 4).

The airway transverse width (fig 6) and area (figMere determined at the same levels, that iseahénd palate
(upper) and lower and most anterior point in thertio cervical vertebra (lower) were measured.
These measurements were made on an axial secticth@@average distances were registered.

Assay Procedure Summary

Patients were selected from the Department of @dhtics and Dento facial Orthopaedics of our inggit

| B0 patients

—
1

I
| SKELETAL |
A I
CLASE 1 ‘ SKELETAL CLASS I
\ |
l CONTROL GROUT I HYPERDIWERGENT | HYPODIVERGENT

Patisnts undergons MEI scanning

I

MR data was loaded into Insisht SNAP software

3D modals of the airway for tha 60 subjeets wara builded

!

The pharyngeal sirways wera than subdividedinto upper sndloveer compartments

l

Airway volumes, sres and width were measured with the Insight SNAP measuringtool
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Figure 3: Measuring of Upper Pharyngeal Airway (Sagital View).
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Figure 4: Measuring of Lower Pharyngeal irway (Sagital View).

Figure 6: Upper and Lower Pharyngeal Airways Width
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Statistical Methods

SPSS for Windows, Version 16.0. Chicago, SPSS difttvare was used to analyse the data to evaluatecampare the
upper and lower pharyngeal airway volume, width anel in skeletal Class | and Class Il hypo-diverg:d hyper-

divergent skeletal pattern.

Statistical analysis was done by using tools ofcdpve statistics such as Mean, and SD for repgsg

guantitative data (e.g. volume, area, width of phgeal airway)

One-way ANOVA test was applied to compare measun¢snef means of three different malocclusion groups
Probability p & It; 0.05, considered as significastalpha error set at 5% with confidence inteof&5% set in the study.
Power of the study was set at 80%uwith beta erroats20%.

Post hoc data analysis which follows One way ANOW&s done by using Tukeys multiple comparison test w

also used. Post hoc test analyses multiple pase-imdividual comparison at two different time intd each.

RESULTS

The aim of the present study was to assess aomthip between airway dimension in its volume, amed width
according to the different cranio facial skeletattprn morphologies of patients, both anteropastéhiat is skeletal class |

and Il and vertical growth pattern.

The results showed that there is a significantticriahip between airway volume, anteroposterior aeadical
facial dimensions. In this study, the comparisorvaiimetric analysis of upper and lower pharyngeakay in skeletal
Class | (control group) and skeletal Class Il hyjieergent and hyper divergent growth patterns waduated using
Anova F test and found that there exist highly sigant statistical difference (p<0.001) betweeoups.

Table 1(a): Comparison of Volumetric Analysis of Uper Pharyngeal Airway in Skeletal Class |
(Control) and Class Il with Different Growth Patter ns

Standard Deviation ANOVAF L
GROUPS MEAN (S.D) TEST P value, Significancg
CLASSI
(CONTROL) 8682.9 40.0
CLASSII(HYPODIVERGENT) | 7575.3 29.24 F =13620.( p.G@L, highly
CLASSII(HYPERDIVERGENT) 7109.4 20.58 significant

p>0.05-not significantp <0.05 — significantp <0.001 — hig significant

On comparison of volumetric analysis of upper phgeal airway in skeletal class | with different tieal growth

patterns using Anova F test, it was found thatetexist highly significant statistical differenqe<0.001) between group

Table 1(b): Individual Pair Wise Comparison of Volumetric Analysis of Upper Pharyngeal Airway
Tukey’'s Post Hoc Test to Find Individual Pair WiseComparison

GROUP COMPARISONGROUP MEANDIFFERENCE | p value, Significance
CLASSII(HYPODIVERGENT) 1107.6 p <0.001**
CLASSI(CONTROL) CLASSII(HYPERDIVERGENT) 1573.5 p <0.001**
CLASSII(HYPODIVERGENT)CLASSII(HYPERDIVERGENT) 465.92 p <0.001**

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant
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On individual pair wise comparison of volumetricafysis of upper pharyngeal airway in skeletal claggth
different vertical growth patterns using Tukey’sspdoc test, it was found that there exist highgniicant statistical

difference (p< 0.001) between any two types of grou

Table 1 provided the value for volume of upper phgeal airway for skeletal Class | (control growgs 8682.9,
for skeletal Class Il hypo divergent it was 757%Wih a standard deviation of 29.24 and for skel@&dss Il hyper
divergent it was 7109.4 with a standard deviatibB®58. This concluded that skeletal Class Il mygtigergent group has

the lowest mean volume when compared with the &KeBass Il hypo divergent and the skeletal Class

MEAN VOLUMES -
UPPERPHARYNGEALAIRWAY
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CLASSI{CONTROL) CLASSII[HYPODIVERGENT)CLASSII(HYPERDIVERGENT)

Graph 1: Comparison of Volumetric Analysis of UpperPharyngeal Airway in Skeletal Class |
(Control) and Class Il with Different Growth Patter ns.

Table 2(a): Comparison of Volumetric Analysis of Laver Pharyngeal Airway in Skeletal Class |
(Control) and Class Il with different Growth Patter ns

Standard Deviation |ANOVAFTE P value,
St MEAN (S.D) ST Significance
CLASSI(CONTROL) 11694.4 15.10
CLASSII(HYPODIVERGENT) 9771.9 24.23 p <0.001,
F =52770.0 highly
significant
CLASSII(HYPERDIVERGENT)| 9617.4 26.58

p>0.05-not significant p <0.05- significant p <0.001 -ghly significant

On comparison of volumetric analysis of lower plmgygal airway in skeletal class | with different ti@al growth

patterns using Anova F test, it was found thatetteist highly significant statistical differenqe<€0.001) between group.

Table 2(b): Individual Pair Wise Comparison of Volumetric Analysis of Lower Pharyngeal Airway

Tukey’'s Post Hoc Test to Find Individual Pair WiseComparison
MEAN p value,
CIReRIP SOLUHARISOINEIROITLP DIFFERENCE Significance
CLASSII(HYPODIVERGENT) 1922.20 p <0.001**
CLASSI(CONTROL) CLASSII(HYPERDIVERGENT) 2076.67 0 <0.001%
CLASSII(HYPODIVERGENT) |CLASSII(HYPERDIVERGENT) 1547 p <0.001**

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant
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On individual pair wise comparison of volumetricafysis of lower pharyngeal airway in skeletal classith
different vertical growth patterns using Tukey’sspéloc test, it was found that there exist highfyngicant statistical

difference (p<0.001) between any two types of group

Table 2 provided the value for mean volume of loplearyngeal airway for class | (Control group) viasnd to
be 11694.4 with standard deviation of 15.10. Fasglll hypo divergent it was 9771.9 with a standbrdiation of 24.23
& for Class Il hyper divergent it was 9617.4 withstandard deviation of 26.58. The analysis resulitnl a p value <
0.001, indicating statistically significant differees between the groups. It showed lowest meameoln skeletal Class Il

hyper divergent group when compared with the s&kfelass Il hypo divergent and the skeletal Class |

MEANVOLUMES-LOWERPHARYNGEALVOLUME

14000

12000

10000 -

8000 +

6000 116844 —

9617.4
4000 -

2000 4

0 T 1
CLASSI{CONTROL) CLASSI{HYPODIVER GENT)CLASSII[HYPERDIVER GENT)

Graph 2:Comparison of Volumetric Analysis of LowerPharyngeal Airway in Skeletal Class |
(Control) and Class Il with different Growth Patter ns.

Table 3(a): Comparative Analysis of Area of Pharyngal Airway in Skeletal Class | (Control) and Classl
with different Growth Patterns

Standard P value,
GROUPS MEAN Deviation (S.D) PO FUIEST Significance
CLASSI(CONTROL) 151.69 3.09 0.001. hiahi
CLASSII(HYPODIVERGENT) 110.05 4.90 F=1590.0 | P<% o
CLASSII(HYPERDIVERGENT) 79.82 3.94 sighifican

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant

On comparison of volumetric analysis related toaaoé pharyngeal airway in skeletal class | withfetiént
vertical growth patterns using Anova F test, it iasnd that there exist highly significant statiatidifference (p <0.001)

between group.

Table 3(b): Individual Pair Wise Comparison Relatedto Area of Pharyngeal Airway

Tukey’s Post Hoc Test to Find Individual Pair WiseComparison
MEAN p value,
EIROII COIAIHARISIONIEIOIEP DIFFERENCE Significance
CLASSII(HYPODIVERGENT) 41.64 p <0.001**
CLASSI(CONTROL) CLASSII(HYPERDIVERGENT) 71.87 p <0.001**
CLASSII(HYPODIVERGENT) | CLASSII(HYPERDIVERGENT) 302 p <0.001**

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant
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On individual pair wise comparison of volumetricafysis related to area of pharyngeal airway inetilclass |
with different vertical growth patterns using Tukepost hoc test, it was found that there exishlyigignificant statistical

difference (p <0.001 )between any two types of grou

Table 3 provided the value for mean area of phaghgirway for Class | (Control group) was found#&151.69
with standard deviation of 3.09. For Class Il hyfieergent it was 110.05 with astandard deviatiod.80 & for Class Il
hyper divergent it was 79.82 with a standard demiabf 3.94. The analysis resulted into a p valu@.801, indicating
statistically significant differences between theups. It showed lowest mean area in skeletal Qlakgper divergent

group when compared with the skeletal Class Il lgiwergent and the skeletal Class I.

MEANAREA-PHARYNGEALAIRWAY

CLASSI{CONTROL) CLASSI{HYPODIVERGENT) CLASSIHYPERDIVERGENT)

Graph 3: Comparison of Mean Area of Pharyngeal Airvay in Skeletal Class | (Control) and
Class Il with different Growth Patterns.

Table 4(a): Comparative Analysis of Width of UpperPharyngeal Airway in Skeletal Class | (Control)
and Class Il with different Growth Patterns

Standard ANOVA F P value,
St MEAN Deviation (S.D) TEST Significance
CLASSI(CONTROL) 15.80 0.82 b <0.001
CLASSII(HYPODIVERGENT) 13.66 0.49 F=227.84 highly signifiéant
CLASSII(HYPERDIVERGENT) 11.33 0.62

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant

On comparison of volumetric analysis of width ofpep pharyngeal airway in skeletal class | with efiint
vertical growth patterns using Anova F test, it iasnd that there exist highly significant statiatidifference (p <0.001)

between group.

Table 4(b): Individual Pair Wise Comparison Relatedto Width of Upper Pharyngeal Airway

Tukey’s Post HOC Test to Find Individual Pair WiseComparison
MEANDIFFERENC p value,
GROUP COMPARISONGROUP E Significance
CLASSII(HYPODIVERGENT) 2.13 p <0.001**
CLASSI(CONTROL) CLASSII(HYPERDIVERGENT) 4.46 p <0.001**
CLASSII(HYPODIVERGENT)|CLASSII(HYPERDIVERGENT) 2.33 p <0.001**

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant
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On individual pair wise comparison of volumetricalysis of width of upper pharyngeal airway in skalelass |
with different vertical growth patterns using Tukepost hoc test, it was found that there exishlyigignificant statistical
difference (p<0.001)between any two types of group.

Table 4 provided the mean width of upper pharyngé&avay for class | (Control group) was found to 1i£80
with standard deviation of 0.82. For Class Il hyfyeergent, it was 13.66 with a standard deviatib0.49 & for Class Il
hyper divergent, it was 11.33 with a standard d@neaof 0.62. The difference of mean volume wasistiaally evaluated
using Anova F test. The analysis resulted intovalpe < 0.001, indicating statistically significadifferences between the
groups. It showed lowest mean width in skeletak€la hyper divergent group when compared withskeletal Class I
hypo divergent and the skeletal Class I.

MEAN WIDTH-
UPPERPHARYNGEALAIRWAY
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CLASSI{CONTROL) CLASSII(HYPODIVERGENT)CLASSII(HYPERDIVERGENT)

Graph 4: Comparison of Mean Width of Upper Pharyngel Airway in Skeletal Class | (Control)
and Class Il with different Growth Patterns.

Table 5(a): Comparative Analysis of Width of LowerPharyngeal Airway in Skeletal Class | (Control)
and Class Il with different Growth Patterns

Standard ANOVA F P value,
EIRONIES MEAN Deviation (S.D) TEST Significance
CLASSI(CONTROL) 11.61 0.53 p <0.001
CLASSII(HYPODIVERGENT) 8.21 0.35 F=597.94 highly siénifif:ant
CLASSII(HYPERDIVERGENT) 6.47 0.51

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant

On comparison of volumetric analysis of width ofvker pharyngeal airway in skeletal class | with eliént
vertical growth patterns using Anova F test, it iasnd that there exist highly significant statiatidifference (p <0.001)
between group.

Table 5(b): Individual Pair Wise Comparison Relatedto Width of Lower Pharyngeal Airway

Tukey’s Post HOC Test to Find Individual Pair WiseComparison
MEAN .
GROUP COMPARISON GROUP DIFFERENCE [P value, Significance
CLASSII(HYPODIVERGENT) 3.4 p <0.001**
CLASSI(CONTROL) CLASSII(HYPERDIVERGENT) 5.14 p <0.001**
CLASSII(HYPODIVERGENT)CLASSII(HYPERDIVERGENT) 1.73 p <0.001**

p>0.05-not significant p <0.05 — significant p <0.001 ighly significant
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On individual pair wise comparison of volumetricafysis of width of lower pharyngeal airway in skeleclass |

with different vertical growth patterns using

Tukey’s post hoc test, it was found that theretehxighly significant statistical difference (p <0D between any
two types of group.

Table 5 provided the mean width of lower pharynggabay for Class | (Control group) was found toe61
with standard deviation of 0.53. For Class Il hypeergent, it was 8.21 with a standard deviatiod@5 & for class Il
hyper divergent, it was 6.47 with a standard déwadf 0.51. The difference of mean volume wasigtiatlly evaluated
using Anova F test. The analysis resulted intovalpe < 0.001, indicating statistically significadifferences between the
groups. It showed lowest mean width in skeletak€lk hyper divergent group when compared withgkeletal Class I

hypo divergent and the skeletal Class I.

MEANWIDTH-
LOWERPHARYNGEALAIRWAY

14

6.47

CLASSI (CONTROL) CLASSI{HYPODIVERGENT) CLASSII{HYPERDIVERGENT)

Graph 5: Comparison of Mean Width of Lower Pharyngeal Airway in Skeletal Class |
(Control) and Class Il with different Growth Patter ns.

DISCUSSION

The relationship between pharyngeal dimensions thaddento facial pattern in OSA patients has bedemterest to
orthodontists. Numerous studies have reported enmdlevance of pharyngeal dimensions to variougstahgnd vertical
facial growth pattern sat varying degrég§' like hyper divergent patients with certain skeléatures, such as retrusive
mandible and vertical maxillary excess, may haveaveer anterioposterior airway dimensioifs Thus, knowledge of
pharyngeal dimensions amongst the sagittal andcaéfacial types is of great importance for ortbotist, especially for

orthodontic diagnosis and treatment planning.

Solow and Sandham et al (200%)showed that the craniocervical angle is relativefyall in subjects with
mandible prognathism and large in subjects withditda retrognathism. They hypothesized that a chandead posture
affects the cranio cervical angle and the positibthe jaw and tongue. A postural change such ad k&tension causes a
down-backward rotation of the mandible which leadsstretching of the lips, cheeks, and musculatmd affects
malocclusion and growth pattern. Then, the airvsappened and stabilized as necessary to compefiosdtee reduced

respiratory function caused by the constricted ayjrand to maintain the airway.
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During last decades, numerous ways have been oseidnfvay assessift™ At first, airway measurement was
performed on the lateral cephalo grams by lineaasueement. But this method had severe limitatiarth @s using 2-
Drepresentations of 3-D structures, differencesagnifications, super imposition of bilateral cafacial structures, and
low reducibility due to difficulties in landmark édttificatiorf". New3-Dimaging approaches including CBCT have bexo
efficient modalities for airway assessments aitsges have negligible magnification with a 1:Jliadh all three planes
of spac&. However, it exposes patients to radiation and poatrast resolution; magnetic resonance imaditgl}*has
been introduced which can characterize and disoateiamong tissues using their physical and biottsproperties and
produces sectional images of equival entre soluticamy projection which add stoitsvers atility aidgnostic utility and
does not use ionizing radiation.

In this study, MRI was performed with the patieméin supine position. In the supine position, them@ decrease
or opharyngeal airway whereas the thickness of thethiongue and soft palate increases due to gjtheitational force or
changes in upper airway reflexes, which may premiepto increased collapsibility of the upper aiffayThe
nasopharynxis surrounded by bony structures, whkettea oropharyngeal airway is surrounded by sefugs, which
probably explains why the oropharynxis more premsggl to external factors such as posture. AsupiRéthilis provides

more physiologic information since it is obtainedlie usual sleeping posture.

The age of the individuals taken for the study wieoen 16-30years, so all measurements performethem
were taken with the airway growth complete, as joesly described by(Shengetal, 2089)

The aim of the present study was to assess aomethip between airway dimension in its volume, amed width
according to the different cranio facial skeletattprn morphologies of patients, both anteropastéhiat is skeletal class |

and Il and vertical growth pattern.

In this study, the results showed that there iggaificant relationship between airway volume, aop®sterior
and vertical facial dimensions. The comparison @fimnetric analysis of upper and lower pharyngeakay in skeletal
Class | (control group) and skeletal Class Il hyjpieergent and hyper divergent growth patterns waduated using
Anova F test and was found that there exist highdpificant statistical difference (p<0.001 betwegaups.

In this study, the value found for volume of upgdraryngeal airway in skeletal Class | (control grpowas
8682.9, in skeletal Class Il hypo divergent it W&§5.3 with a standard deviation of 29.24 and iletial Class Il hyper
divergent it was 7109.4 with a standard deviatibA®58. This concluded that skeletal Class Il mygigergent group has

the lowest mean volume when compared with the &Ke@ass Il hypo divergent and the skeletal Class

When the mean volume of upper pharyngeal airwagkeletal Class | control group was compared with th
skeletal Class Il hypo divergent, the mean diffeeewas 1107.6, which was found to be highly sigaift with p value
<0.001. So, there was reduced mean volume in skeBdass Il hypo divergent when compared with dedl€lass I.
Similarly, when skeletal Class | control group veasnpared with the Class Il hyper divergent, the maifference was
1573.5, which showed reduced airway volume in s&Elglass Il hyper divergent. When skeletal clddsypo divergent
was compared with the skeletal Class Il hyper djgat, the mean difference of the group was 465:8tch showed

reduced airway volume in skeletal Class Il hypsedijent.
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Josephetd! reported that the nasopharyngeal airway in hypeerdent individuals was significantly narrower
than normo divergent individuals. However, they gesjed that this difference occurred because of rihative
bimaxillaryretrusion exhibited by the hyper divengggroup. Their conclusions were similar to tho$¢he present study
where smaller nasopharyngeal airway space was fouh@h angle subjects when compared with low erggid normal
growth subjects.

MG Lenza (2010Y et al performed a 3D evaluation of the upper arnaad showed similar result with high

correlations between sagittal, transversal, andsesectional area with reduced volume in nasophargkeletal Class Il.

Kim et al (2010}* assessed pharyngeal volume and cross-sectiora avih CBCT in 27 children. They
reported that total pharyngeal volume (nasalcaviégopharynx and oropharynx) inretrognathic childeere significantly
smaller than those with a normal skeletal patt@irey also noted that pharyngeal volumetric measenesnsignificantly

correlated with the ANB angle and anterior faciaiignt.

Ucaret al (2017f studied on Class | subjects with different vettigpowth patterns. They reported larger
nasopharyngeal airway space in low angle subjéats in high angle subjects. Also, when the craamal skeleton was
assessed it demonstrated reduced SNA, SNB, andrjpostacial height this can be attributed to thetfthat there is

decrease in dimensions of the superior part ofigpger airway in high angle subjects.

The mean volume of lower pharyngeal airway in Cla@&ontrol group) was found to be 11694.4 withnstard
deviation of 15.10, in Class Il hypo divergent &#s8771.9 with a standard deviation of 24.23 & iasSlll hyper divergent
it was 9617.4 with a standard deviation of 26.5Be Tnalysis resulted into a p value < 0.001, inttigastatistically
significant differences between the groups. It sbaowest mean volume in skeletal Class Il hypeemjent group when
compared with the skeletal Class Il hypo divergard the skeletal Class I. The highest mean voluae seen in skeletal
Class I.

When the mean volume of lower pharyngeal airwalafletal Class | control group was compared with th
skeletal Class Il hypo divergent, the mean diffeeewas 1922.20, which was found to be highly sigaift with p value
<0.001. So, there was reduced mean volume in skeB#ass Il hypo divergent when compared with dkél€lass I.
Similarly, when skeletal Class | control group veasnpared with the Class Il hyper divergent, the maifference was
2076.67, which showed reduced airway volume inetkélClass Il hyper divergent. When skeletal clagypo divergent
was compared with the skeletal Class Il hyper djgat, the mean difference of the group was 154miich showed

reduced airway volume in skeletal Class Il hypsedjent.

Similar result was found in other study, Graueré2fl09¥? observed differences in airway volume and shape
according to different maxillary relationships. Vhanalyzed the total pharyngeal volume in 62 CBCans after
classifying them into Class I, Il and Ill skeletatterns. They also divided the same sample inig,Ishort and normal
face types based on the facial index. The pharyngdame did not correlate with the subject’'s aggender. The volume
of Class Il subjects in the inferior compartmenswgagnificantly smaller, but it did not statistiyatliffer among the short,

normal and long face types.

Zhong et al (2018 showed that the vertical and sagittal skeletaiepas could contribute to the variation of the
airway dimensions.
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El and Palomo(2011%¥using a sample of adolescents between 14-17 yepested that Class Il subjects had a
significantly lower oropharyngeal volume than Classd Class Il subjects. These volumes were Banitly smaller in
individuals with retruded mandibles than those withigh SNB angle. The most constricted regiorhefdaropharynx was

located at the level of the tongue base.

Alves et al(2012¥ found that patients with deficient mandibular gtoviad alower airway volume. Although
them andible has both retruded and rotated in daxthvand backward directions, the tongue base nhightositioned

more posteriorly and inferiorly; thus, the orophaggal airway space may have decreased.

Claudino et al(2015J stated that Class Il subjects had smaller volume minimum and mean areas (lower
pharyngeal portion, velopharynx, and oropharynxjttiee Class Ill group. Oh et al(2041jound similar results, since
children with Class Il malocclusion had more bactdvarientation and smaller volume of the pharyngealay than

children with Class | and Il malocclusion.

The mean area of pharyngeal airway in Class | (@bgtoup) was found to be 151.69 with standardaten of
3.09. In Class Il hypo divergent it was 110.05védtktandard deviation of 4.90 & in Class Il hyperedgent it was 79.82
with a standard deviation of 3.94. The analysiwlted into a p value < 0.001, indicating statidticasignificant
differences between the groups. It showed lowestmarea in skeletal Class Il hyper divergent gradngn compared

with the skeletal Class Il hypo divergentand theletal Class |.

Kerr®®investigated the relationship between the nasopigegl and dento facial structures on the subjeitts w
normal and Class Il malocclusions and found that ghbjects with Class Il malocclusion had a lamgsopharyngeal

airway area than the subjects with normal occlision

Ceylan and Oktdyfound that changes in the ANB angle may affecotbgharyngeal space which was reduced in
subjects with an increased ANB angle. This can @ained with the Balters philosopHy which states that Class Il
malocclusions have the following predisposing fexteuch as backward position of the tongue thatidis the cervical
region which in turn reduces the airway dimensiwhereas Class Il malocclusions are due to forwsnsitioning of the

tongue and result in greater airway dimensions.

Joseph et & reported that are tro positioned maxilla can lead harrowing of the nasopharynx and oropharynx.
This feature is compounded by a more horizontalilign of the soft palatein the hyper divergemoup, which reduces

the anteropoterior dimension of this region of aivevay.

Ucar and Uysal® reported a significant difference between low eragid high angle in Class | group sat the level
of the nasopharyngeal airway space. The nasopheayagyway space decreased from low-angle to notanhigh-angle

cases and highlighted the effect of the verticétiga on upper airway space.

The mean width of upper pharyngeal airway in ClagSontrol group) was found to be 15.80 with standda
deviation of 0.82. In Class Il hypo divergent, isv13.66 with a standard deviation of 0.49 & insSIH hyper divergent,
it was 11.33 with a standard deviation of 0.62. @ifference of mean volume was statistically eveddausing Anova F
test. The analysis resulted into a p value < 0.0@dicating statistically significant differencegtveen the groups. It
showed lowest mean width in skeletal Class Il hygieergent group when compared with the skeletals€lll hypo

divergent and the skeletal Class I.
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The mean width of lower pharyngeal airway in Clag€ontrol group) was found to be 11.61 with standda
deviation of 0.53. In Class Il hypo divergent, &asv8.21 with a standard deviation of 0.35 & in €lddyper divergent, it
was 6.47 with a standard deviation of 0.51. Théedihce of mean volume was statistically evaluatgdg Anova F test.
The analysis resulted into a p value < 0.001, mtitig statistically significant differences betweaér groups. It showed
lowest mean width in skeletal Class Il hyper diariggroup when compared with the skeletal Claggpo divergent and

the skeletal Class I.

Similar result was found where Joseph®tadported that decrease in oropharyngeal width neylie to the
posterior vertical maxillary excess which is comntomyper divergent patients. The resultant rotatatdible causes the

base of the tongue to be positioned more postgréord inferiorly.

Opdebeeck and B&lin a comparative study of short and long face iitlials concluded that a short ramus in

the long face syndrome might beac companied byceedsed cross section of the lower pharynx.

Akcamet al*reported a decrease in the upper airway dimensidnsubjects who had posterior mandibular

rotation. This reveals a close association betweempharyngeal airway and jaw position.

Juhi Ansat* etal found that Subjects with vertical growth patsehave significantly narrower upper and lower
pharyngeal airways than those with Class Il malagions and horizontal and normal growth patteri®s€ patients may

be more prone to mouth breathing as a result af tekatively diminished pharyngeal dimension.

Increased nasopharyngeal linear widths in brachialfgpattern, in comparison to other vertical fhgatterns,
might be the result of a deficient anteropostedevelopment of the craniomaxillary complex in bradacial pattern.
Facial growth changes may also be related to diffegs in the direction of condylar growth, and magult from
differences in development of anterior facial heighd posterior facial heigfit These differences in vertical development
may lead to rotational growth orpositional changéshem and ible, which could affect the airway dimmsions. This

resulted that the mandibular positional changesreme likely to affect the oropharynx than the masynx.

These finding of present study led to the conclusi@t Class Il subjects are more susceptibleaal#dvelopment

of obstructive sleep apneasyn drome than patieitisother skeletal patterns.

So, Orthodontists must be aware of the risk fagbersaining to reduced airway and should definagpropriate
treatment plan by not compromising on the airwayetisions especially on patients who are pronédtcAirway analysis
should be a part of diagnosis and treatment plgnespecially in patients prone to reduced airwkg Ekeletal Class Il
pattern so that the risk of developing OSA in theaBents can be minimized. Correcting early Classing functional

appliances can help in reducing the chances oBgiproblems in future.

Longitudinal studies of airway changes in subjedts different skeletal patterns in specific créamal growth
and development periods should be performed to kiewdetailed knowledge of the relationship betwepper airway

morphology and function and craniomaxillo faciabcdrcteristics.
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LIMITATION

« Limitation of present study is the lack of contgsbup due to ethical issues, relatively high castwell as the

limited availability of MRI technique.

 MRI images were obtained when patients were awakettzere is no way to find out whether their tonguses in

the standard position as patients were in supis#ipn.

* In order to find the relationship of structuralanfation with function, it would be ideal if the8&RI findings
would have been correlated with the findings ofypomnography. Due to cost considerations and tbeetifeat

polysomno graphy requires overnight hospital adimisthis was not feasible.

SUMMARY

The nasopharynx and the oropharynx have a signifiecations and functions because both of themmfarpart of the
unit in which respiration and deglutition are cadriout. A significant relationship exists betwebke pharynx and Dento
facial and skeletal structures. The nasopharyrajeahy has been claimed to affect the growth ofiifacial structures. It
is also established that the posture of the tomgmealso influence the dental relationship andafaskeletal pattern of an

individual and vice versa can also happen.

Hence, the present study was carried out to evalpladryngeal airway dimensions and compare themethic
analysis of pharyngeal airway in skeletal classid # individuals with different vertical growth piarns. A total of 60
patients between the age group of 16 to 30 yearmdpaskeletal Class I, Class Il hypo divergent &ldss Il hyper
divergent growth pattern were selected from thasiging the Department of Orthodontics and DentidhOrthopaedicso

four institute.

Studies were performed using a 1.5 Tesla magnesiznance imaging scanner and the MRI data weredoad

the software for 3D models of airway which werelgsed. Following observations were seen—

* Lowest mean volume, area and width of upper anetgharyngeal airway in skeletal Class Il hyperedijent

group when compared with the skeletal Class Il lgiwergent and the skeletal Class I.

* This is due to the retruded mandible and downwartlmckward directions of mandible which resultedterior

and inferior position of the tongue base.
CONCLUSION
The findings for the study lead to following corgilbn—
e There is a significant relationship between airwalume, anteroposterior and vertical facial dimensi

* Lowest mean volume and width of upper and lowemrytgeal airway in skeletal Class Il hyper diverggriup

was seen when compared with the skeletal Clasgl divergent and the skeletal Class I.

* The highest mean area was seen in skeletal Cresip followed by skeletal Class Il hypo divergand lowest

seen in skeletal Class Il hypo divergent.
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