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Sekil 1: Calismada kullanilan

lateral sefalometrik noktalar,

referans diizlemler ve agilar.

Figure 1: Lateral

cephalometric landmarks,

reference planes and angles
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used in this study.

GiRls

Dentofasial ve kraniyofasiyal kompleksin
iskeletsel ozelliklerinin st hava yoluna etki-
leri pek cok calismada tartisilmistir (1-5).
Orofarengeal hava yolunun kraniyofasiyal
yapilar Gzerindeki etkisi incelenmistir (6).
Maksiller veya mandibular retriizyon gibi is-
keletsel ozelliklerin tst hava yolunda daral-
maya sebep oldugu belirlenmistir (7).

Son zamanlarda tst hava yolu boyutlari ile
uyku apnesi sendromu arasinda potansiyel
bir iliski olabilecegi dustnilmustir (8-10).
Uyku apnesi sendromu uyku sirasinda tist ha-
va yolundaki gecici daralma ile karakterize-
dir (11) ve obstriiktif uyku apnesi olan hasta-
larda kraniyofasiyal morfolojinin normal bi-
reylerden farkli oldugu gosterilmistir (12-16).
Obstriiktif uyku apnesi olan hastalarin iske-
letsel ve yumusak dokularinda hava yolunun
daraldigi (8,9,17), bu hastalarda ayni zaman-
da hyoid kemigin asagida konumlandigi ve
faringeal havayolunun daraldigi belirtilmistir
(3,8,13,15).

Battagel ve ark. (18) Sinif Il bireylerde (st
hava yollarinin daha dar oldugunu, Adama-
dis ve Spyropoulos (19) ise Sinif lI-
| bireylerde hyoid kemigin daha o6nde ko-
numlandigini rapor etmislerdir. Daralmis st
havayoluna sahip Sinif Il bireylerde mandi-
bulanin cerrahi islemlerle ilerletilmesi, farin-
geal havayolunun genisletilebilmesine ola-
nak saglar (20). Muto ve ark. (21) faringeal
havayolunun anteroposterior boyutlarinin

PTV

Kegik

INTRODUCTION

The relationships between the pharyngeal
structures and both dentofacial and craniofa-
cial structures have been reported (1-5). The
effects of the oropharyngeal airway on the
craniofacial structures have been investigated
(6). Maxillary and mandibular retrusion may
lead to narrower dimensions of the airway
(7). Recently interest has been focused on the
upper airway dimensions and obstructive sle-
ep apnea syndrome (8-10). The obstructive
sleep apnea syndrome is characterized with
the temporary narrowing of the upper airway
dimensions during sleep (11) and it has been
shown that the craniofacial morphology of
the patients having obstructive sleep apnea is
different from the normal individuals (12-16).
The hyoid bone is usually located inferior
and the pharyngeal airway space is reduced
(3,8,13,15).

Battagel et al (18) reported a more poste-
rior position of the hyoid bone in Class II-
| subjects with narrower upper airways. Ada-
midis and Spyropoulos (19) showed that
hyoid bone in Class Il subjects is positioned
more anteriorly. Surgical mandibular advan-
cement results in anterior repositioning of
the hyoid bone and widening of the minimal
pharyngeal airway space (20). Muto et al
(21) have claimed that the upper airways
tend to differentiate among different skeletal
patterns.
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Mandibula Konumu ve Ust Hava Yolu
Mandibular Position and Upper Airway

farkl iskeletsel modellerde degisiklik goster-
digini ifade etmislerdir.

Bu calismanin amaci, st hava yolu ile
kraniyofasiyal iskeletsel yapi arasindaki ilis-
kiye dayanarak , kraniyofasiyal morfoloji ile
nazofaringeal ve hipofaringeal yapilar ara-
sindaki iliskinin, mandibulanin geride, ileri-
de ve normal konumda oldugu bireylerde
incelenmesidir.

BIREYLER ve YONTEM

Normal anteroposterior ¢ene iliskisine sa-
hip 24 birey (11 kiz, 13 erkek), mandibular
retrognatiye bagl Sinif 1l iskeletsel 6zelliklere
sahip 21 birey (9 kiz, 12 erkek) ve mandibu-
lar prognatiye bagl iskeletsel Sinif IlI-
| 6zelliklere sahip 25 birey (12 kiz 13 erkek)
calismaya dahil edilmistir. Sinif 1 bireylerin
yas ortalamasi 17 yil 7 ay, Sinif Il bireylerin
yas ortalamasi 16 yil 3 ay ve Sinif II-
| bireylerin yas ortalamasi 19 yil 8 aydir. Dis-
ler okluzyondayken dogal bas postiriinde
alinan lateral sefalogramlar tizerinde dogru-
sal, acisal dlgtimler ve alan ol¢timleri gercek-
lestirilmistir (Sekil 1,2). Calismada kullanilan
lateral sefalometrik noktalar, referans diiz-
lemler ve acilar su sekildedir; Sefalometrik
Noktalar: Nasion (N), nazofrontal sittiriin or-
ta noktasi; Sella (S), Sella Turcianin geometric
merkezi; Orbita (Or), Orbita, orbita ¢ukuru-
nun en alt noktasi; Porion (Po), dis kulak yo-
lunun en Gst noktasi; A noktasi (A), maksiller
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The aim of this study was to evaluate the
relationships between craniofacial morpho-
logy and hypopharyngeal and nasopharynge-
al airways in normal, mandibular retrusion
and mandibular protrusion individuals.

SUBJECTS and METHODS

The sample consisted of 24 individuals (11
females, 13 males) having normal sagittal jaw
relationship, 21 individuals (9 females, 12
males) having Class Il relationship due to
mandibular retrognathia and 25 individuals
(12 females and 13 males) with Class Il rela-
tionship due to mandibular prognathia. The
mean age of Class | subjects were 17 years
and 7 months, Class Il subjects were 16 years
and 3 months, and the Class Ill subjects were
19 years and 8 months. The linear, angular
and area measurements were performed on
the lateral cephalograms taken at natural he-
ad position (Figure 1,2).

Lateral cephalometric landmarks, referen-
ce planes and angles used in this study were
as follows; Cephalometric Landmarks: Nasi-
on (N), midpoint of nasofrontal suture; Sella
(S), geometrical center of Sella Turcica; Orbi-
ta (Or), lowest point of orbita; Porion (Po),
upper point of meatus acousticus externus; A
point (A), the most retruded point of the ante-
rior part of maxilla; B point (B); inner part of
mandibular symphysis; Pogonion (Pog), the

Sekil 2: Lateral sefalogramda

alan ol¢timleri.
Figure 2: Lateral

Cephalometric Area

Measurements
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kemigin anterior kisminin en gerideki nokta-
si; B noktasi (B); mandibuer simfizisin en i¢
noktasi; Pogonion (Pog), Simfizisin en ileride-
ki noktasi; Posterior Nasal Spine (PNS), Mak-
siler kemigin palatal c¢ikintilarinin birlesimi-
nin en gerideki noktasi; Basion (Ba), Fora-
men Magnumun 6n kenari ile median sagital
dizlemin kesisme noktasi; Xi noktast (Xi),
mandibula ramusunun geometric merkezi;
Adenoid 1 (Ad1), PNS-Ba diizleminin poste-
rior nazofarengeal duvar ile kesisme noktasi;
Adenoid 2 (Ad2), PNS'den S-Ba diizlemine
cizilen dikmenin posterior nazofarengeal du-
var ile kesisme noktasi; Uvula (U) Yumusak
damagin alt uc noktasi; Epiglottis (E), Epiglo-
tun st G¢ noktasi; Hyoid (H), hyoid kemigin
en On ve Ust noktasi. Lateral sefalometrik
diuzlemler: SN, Sella ve Nasion arasindaki
dogru, FH, Frankfort Horizontal Diizlemi, Po
ve Or arasindaki dogru, NA: Nasion ve A
noktasi arasindaki dogru; NB, Nasion ve B
noktasi arasindaki dogru; NPog, Yuz Duzle-
mi; PTV, Pterygoid vertical, Pt noktasindan
gecen FH dizlemine dik cizilen dogru.

Lateral Sefalometrik Olciimler: 1- SNA, 2-
SNB, 3- ANB, 4- Maksilla Derinligi (FH diiz-
lemi ile NA dogrusu arasindaki aci), 5- Yiz
Derinligi (FH dizlemi ile Yuiz diizlemi arasin-
daki ag1), 6- S-PNS, 7- Ad2-PNS, 8- Ad1-PNS,
9- PNS-Ba, 10- Ad2-Ba, 11- U-PNS (Uvula
Uzunlugu), 12- Uvula kalinhgi, 13- Uvula
Egimi (U-PNS ile FH arasindaki aci), 14- H-
PTV mesafesi, 15- H-FH mesafesi.

Lateral sefalogramda alan 6lctimleri ise su
sekildedir: 1- Nazofarengeal alan (Ad2-PNS
dogrusu ile Xi noktasindan gecen ve FH diiz-
lemine parallel olan dogru arasinda kalan fa-
rengeal bolgenin alani), 2- Hipofarengeal
Alan (Xi noktasindan gecen ve FH diizlemine
parallel olan dogru ile Epiglot noktasindan ge-
cen ve FH diizlemine parallel olan dogru ara-
sinda kalan farengeal alan), 3- Uvula alani.

Lateral sefalometrik filmler, cizim kagidi
tzerine 0,3mm kursun kalemle cizilerek sert
ve yumusak dokularin landmarklari belirlen-
di. Tarayici (HP scanjet G4010 Photo Scan-
ner, Hewlett-Packard Development Com-
pany, L.P, CO, ABD) ile bilgisayar ortamina
aktarilan gorintuler Gzerinde “Mediodent
Dental Imaging Software” (10.4.1 Braseton,
GA, ABD) programi kullanilarak dogrusal ve
acisal olcuimler yapildi. Alan 6lctimleri Na-
tional Institute of Health tarafindan gelistiri-

Kegik

outer point of symphysis; Posterior Nasal Spi-
ne (PNS), The most retruded point of the in-
tersection of palatal bones; Basion (Ba), The
intersection point of the anterior edge of fora-
men magnumun and median sagittal plane;
Xi point (Xi), geometrical center of mandibu-
lar ramus; Adenoid 1 (Ad1), intersection po-
int of PNS-Ba plane and posterior nasop-
haryngeal wall; Adenoid 2 (Ad2), intersection
point of the vertical drawn from PNS to S-Ba
with the posterior nasopharyngeal wall; Uvu-
la (U) lowest point of uvula; Epiglottis (E), up-
per point of epiglottis; Hyoid (H), the most
forward and upward point of hyoid bone.

Planes: SN, line between Sella and Nasi-
on, FH, Frankfort Horizontal Plane, line bet-
ween Po and Or; NA, line between Nasion
and A point; NB, line between Nasion and B
point; NPog, Facial plane; PTV, Pterygoid
vertical, the vertical line to FH plane passing
through Pt point.

Measurements: 1- SNA, 2- SNB, 3- ANB,
4- Maxillary Depth (The angle between FH
plane and NA plane), 5- Facial Depth (The
angle between FH plane and Facial plane), 6-
S-PNS, 7- Ad2-PNS, 8- Ad1-PNS, 9- PNS-Ba,
10- Ad2-Ba, 11- U-PNS (Uvula Length), 12-
Uvula thickness, 13- Uvula angulation (The
angle between U-PNS and FH plane), 14-
Distance between H-PTV, 15- - Distance bet-
ween H-FH.

The area measurements on the lateral cep-
halograms were as follows; 1- Nasophary-
ngeal Area (The area between Ad2-PNS and
the line parallel to FH plane crossing from Xi
point), 2- Hypopharyngeal Plane (The area
the line parallel to FH plane crossing from Xi
point and the line parallel to FH plane cros-
sing through Epiglottis point), 3- Uvula Area.

The hard and soft tissue landmarks were
digitized with a 0,3mm pencil on the tracing
paper. The scanned (HP scanjet G4010 Pho-
to Scanner, Hewlett-Packard Development
Company, L.P, USA) tracings were analyzed
with the software called “Mediodent Dental
Imaging Software” (Braseton, GA, USA). The
area measurements were performed with the
software called “Image J” developed by Na-
tional Institute of Health.

ANB, SNA, SNB, Maxillary Depth and Fa-
cial Depth was measured to define the sagit-
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Sinifl
Class |

Tablo 1: Calismaya dahil
Sinifll
Class I

Sinif I
Class 1l

edilen bireylerin say1, yas ve

iskeletsel ozellikleri

Birey Sayisi /

24 (11k + 13e)

21 (9K + 12e) 25 (12fk+ 13e)

Number of Individuals 24 (11f + 13m) 21 (9f + 12m) 25 (12f + 13m) Table 1: Number, age and the
Yas 17 yil 7 ay 16 yil 3 ay 19 yil 8 ay skeletal measurements of the
Age 17y7m 16y3m 19y8m individuals included in th
SNA (D) 817+29 79,2+33 83,1+32 study
SNB (") 79,8 + 3,1 73,3+25 872+28
ANB (") 28+27 58+3,4 34+27
Maksilla Derinligi / Maxillary
Depth O 89,7 + 2,4 89,5 + 3,4 90,5 + 3,4
Yuz Derinligi 88,4 +3,5 84,3+32 94,2 + 2,7
Facial Depth ) = o= =
Tablo 2: Sinuf I f11
Bicumier/ Sinif1/ S i1/ ST/ ablo 2: Smf I, St T ve
Measurements Class | Class Il Class Il Sinuf 11T bireylerin lateral
S-PNS (mm) 47,6 +2,8 48,7+ 3,5 472 +34 sefalometrik dlciimlerinin
ortalamalar1 ve standart
Ad1-PNS (mm) 28,4 +3,2 278+34 29,8 +3,9 sapma degerleri
Ad2-PNS (mm) 243+34 235+27 252+41 Table 2: Lateral
Cephalometric
PNS-Ba (mm) 47,3+ 3,5 48,2+2,8 47,8 +3,2
measurements and standard
Ad1-Ba (mm) 18,8 + 2,9 172+33 19,4 + 3,1 deviation values of Class I,
Class II and Class III subjects
Uvula Uzunlugu 358+35 38,2+3,8 32,3+41
Uvula Length (mm)
Uvula Kalinhgi 89+1,7 72+14 9,6 +22
Uvula Thickness (mm)
Uvula Angulasyonu 128,8 + 5,7 135,4 + 6,1 112,5+5,9
Uvula Angulation
Hyoid-PTV (mm) 10,8 + 3,2 74+34 12,2 + 3,1
Hyoid-FH (mm) 87,3+6,3 79,6 +4,8 92,8 +6,1
Nazofaringeal Alan 369,7 + 23,3 358,8 +29,8 377,6 + 25,8
Nasopharyngeal Area (mf
627,5 + 28,9 615,6 + 29,6 639,6 + 22,7
Hipofaringeal Alan
Hypopharyngeal Area (mf
Uvula Alani 167,1 + 23,2 159,8 + 19,8 175,5+ 22,3

Uvula Area (mnf)

len “Image )” (National Institute of Health,
ABD) isimli programla gerceklestirildi.
Bireylerin anteroposterior cene iliskilerine
gore siniflandirilabilmesi icin lateral sefalo-
metrik filmler Gzerinde ANB, SNA, SNB,
maksilla derinligi ve yuz derinligi agilari 6l-
ctilerek normal cene iligkisine sahip Sinif | bi-

Turkish Journal of Orthodontics 2009;22:93-101

tal jaw relationships on the lateral cephalog-
rams and Class I, Class Il and Class II-
| individuals were specified.

The measurement changes between the
groups were evaluated by analysis of variance.
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Tablo 3: Sinif I, Sinaf II ve
Siif III bireylerin ortalama
deger farkliliklarinin

karsilastirilmasi
Table 3: Comparison of the

mean differences of Class I,

Class II and Class III subjects

98

Kegik

Sinfl = Sinif 1l Sinif I = Sinif 111 Sinf 11 - Simf 11
Classl - Class 11 Classl - Class 1l Classll - Class 111
Fark SS p Fark SS p Fark SS p
Difference SD Difference _ SD Difference SD
S-PNS (mm) 1,2 2,4 0,745 1,3 2,1 0,354 2,1 2,3 0,112
Ad1-PNS (mm) 1,7 2,7 0,553 1,2 1,8 0,734 1,8 2,1 0,237
Ad2-PNS (mm) 1,4 2,3 0,452 1,5 1,5 0,425 1,9 1,8 0,223
PNS-Ba (mm) 1,2 1,7 0,328 1,8 2,2 0,614 1,4 2,7 0,322
Ad1-Ba (mm) 2,2 1,8 0,372 1,4 1,5 0,652 2,7 21 0,228
Uvula Uzunlugu 3,8 1,9  0,004** 3,2 1,8 0,002** 6,2 2,5 0,000***
Uvula Length (mm)
Uvula Kalinhigi 1,7 1,6 0,429 1,9 1,3 0,392 2,6 2,1 0,194
Uvula Thickness
(mm)
Uvula 12,4 3,6  0,000*** 15,4 3,6  0,000*** 15,8 22,9  0,000***
Angulasyonu
Uvula Angulation
O
Hyoid-PTV (mm) 3,5 1,4 0,008** 2,9 21 0,006** 54 2,6 0,000***
Hyoid-FH (mm) 7,3 4,7  0,007** 58 3,8 0,006** 12,4 3,8 0,000***
Nazofaringeal Alan 17,7 8,8  0,000*** 12,4 7,3 0,000*** 25,8 11,8 0,000***
Nasopharyngeal
Area (mnf)
Hipofaringeal Alan 13,7 7,3 0,000*** 17,2 8,1 0,000*** 26,8 6,8 0,000***
Hypopharyngeal
Area (mnf)
Uvula Alani 7,4 3,8  0,000*** 7.8 41 0,000*** 14,2 3,9 0,000***
Uvula Area (mnf)
reyler, retrognatisi olan Sinif Il bireyler ve RESULTS

mandibular prognatisi olan Sinif Ill bireyler
belirlendi.

Gruplar arasindaki olctim farkhiliklarin
belirlemek icin Varyans analizi kullanildi.

BULGULAR

Calismaya dahil edilen bireylerin dagilim-
lari, yas ortalamalar ve iskeletsel 6zellikleri
Tablo 1’de sunulmustur. Bireyler, SNA, SNB,
ANB, Yiiz Derinligi ve Maksilla Derinligi 6l-
¢Umleri kriter alinarak Sinif I, Sinif 1l ve Sinif
Il olarak gruplandiriimustir.

Kraniyofasiyal morfolojik degiskenler Tab-
lo 2’de, gruplar arasindaki anlamlilik deger-
leri ise Tablo 3’te gosterilmistir.

Faringeal havayolu, nazofarenks (PNS-
Ad1, PNS-Ad2), kemik nazofaringeal derinlik
(PNS-Ba) ve posterior faringeal duvar kalinli-
gin1 (Ad1-Ba) gosteren degerlerde gruplar
arasinda anlamli bir fark bulunamamistir.

Nazofaringeal alan 6lctimlerinde ise grup-
lar arasinda anlamli bir fark bulundu.

Ust solunum yolunun sagital ve vertikal
yondeki ol¢timleri; uvula uzunlugu, uvula
egimi, uvula alani, U-PTV ve U-FH olgtiimle-
ri, gruplar arasinda anlamli farkhliklar goster-

The number of patients included in the
study, mean ages and the skeletal features
are shown in Table 1. The groups are speci-
fied as Class I, Class Il and Class Ill, accor-
ding to SNA, SNB, ANB, Facial Depth and
Maxillary Depth. Craniofacial morphologic
measurements and the differences between
the groups are shown in Table 2 and Table 3
respectively.

There was not a significant difference in
the pharyngeal airway, nasopharynx (PNS-
Ad1, PNS-Ad2), hard tissue nasopharyngeal
depth (PNS-Ba) and pharyngeal wall thick-
ness (Ad1-Ba) among the groups.

The nasopharyngeal area measurements
showed significant differences among the
groups. Likewise the vertical dimensions of
the upper airway; uvula length, uvula angula-
tion, uvula area, U-PTV and U-FH showed
significant differences among the groups
(Table 3). The difference in the uvula area
was insignificant. In the hypopharyngeal are-
a H-PTV, H-FH and hypopharyngeal area
measurements were significantly different
among groups (Table 3).

Tiirk Ortodonti Dergisi 2009,22:93-101
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mistir (Tablo 3). Uvula kalinligindaki fark an-
lamli bulunmamustir.

Hipofaringeal bolgede ise H-PTV ve H-FH
degerleri ile hipofaringeal alan olctmleri,
gruplar arasinda anlamli farkliliklar goster-
mistir (Tablo 3).

TARTISMA

Nazofaringeal ve hipofaringeal boyutlar
13 yasina kadar hizla gelisir ve eriskinlige
dogru yavaslayarak devam eder (22-24). Bu
calismada yas araligi 17-19 arasi oldugundan
orofasiyal yapilarin eriskin boyuta ulagmis ol-
masina dikkat edilmistir.

Bu ¢alisma sonucunda faringeal hava yo-
lunun normal sagital ¢ene iliskisine sahip,
mandibular retrognatiye bagli Sinif Il ve man-
dibular  prognatiye  bagh  Sinif  1I-
| bireyler arasinda anlamli farkhlik gosterdigi
belirlenmistir. Mandibular prognatisi olan bi-
reylerde faringeal havayolu belirgin sekilde
buytktir. Bu sonuglar Muto ve arkadaslarinin
bulgulariyla benzerlik gostermektedir (21).
Yumusak doku nazofaringeal boyutlar kemik
dokudan etkilenmektedir ancak PNS-Ba me-
safesindeki farklilik gruplar arasinda anlamli
degildir. Benzer sekilde S-PNS, Ad1-PNS,
Ad2-PNS ve Ad1-Ba degerlerinin gruplar ara-
sindaki farkliliklari anlamli bulunmamustir.
Buna gore nazofaringeal alanin st bolgesin-
deki anatomik yapilarin mandibula pozisyo-
nundan etkilenmedigi distndlebilir. Bunun
sebebi dil ve hyoid kemigin adaptasyonu ola-
rak dustinilse de (25,26), nazofaringeal alan
degerleri her li¢c grup icerisinde de anlamli
farkhlik gostermektedir. Mandibular retrogna-
tisi olan bireylerde nazofaringeal alan daha
dardir. Mandibular prognatili bireylerde ise
belirgin sekilde genistir. Bu anlaml farkin dil
ve yumusak damagin mandibulanin konu-
mundan etkilenmesi ile olusabilecegi disu-
nilmustar. Bulgular Muto ve arkadaglarinin
(21) bulgularr ile paralellik gostermektedir.

Ust hava yolunun degerlendirildigi bircok
calismalarda tist hava yolunun kraniofasial
morfolojiden etkilendigi ifade edilmistir
(1,3,13,16,21). Kafa postirtiniin, iskeletsel
modelin, cinsiyetin, hava yollarini etkileyebi-
lecegi tizerinde durulmustur (27). Mandibula-
nin anteroposterior konumunun genioglossus
kas atagmani nedeniyle dil koki pozisyonunu
etkileyebilecegi, bu nedenle de mandibulanin
geride konumlandigi bireylerde st hava yo-

Turkish Journal of Orthodontics 2009;22:93-101

DISCUSSION

The nasopharyngeal dimensions continue
to grow rapidly until the age of 13 and then
slow until adulthood. In this study the age
range was 17-19 years to ensure that the oro-
facial structures had reached adult size.

The findings of this study showed that the
pharyngeal airway space differs significantly
among mandibular retrusion, mandibular
protrusion and normal subjects. Pharyngeal
airway space is significantly larger in Class I
patients having mandibular protrusion. These
results are similar with the findings of Muto et
al (21). Soft tissue nasopharyngeal airway di-
mensions are affected from the hard tissue
structures however the difference of PNS-Ba
measurement among the groups was insigni-
ficant. Similarly the differences of S-PNS,
AdT1-PNS, Ad2-PNS and Ad1-Ba were found
to be insignificant among the three groups.
Therefore the upper anatomical structures of
nasopharyngeal airway are not affected from
the position of mandible. While the reason
could be the adaptation of tongue and hyoid
bone, the nasopharyngeal area measure-
ments show significant differences among
groups. Nasopharyngeal area was found to
be narrower in mandibular retrognathic sub-
jects, compared to normal and prognathic in-
dividuals. This significant difference is tho-
ught to be related with the positional change
of tongue and uvula depending on the man-
dibular position. These findings are similar to
the findings of Muto et al (21).

Upper airway dimensions are affected
from the craniofacial morphology in many
studies (1,3,13,16,21), as well as the head
posture, skeletal model and gender (27). The
sagittal position of the mandible, most likely
affects the position of the base of the tongue
because the tongue is connected to the inner
surface of the anterior mandible by the geni-
oglossus muscle (21). It is also indicated that
orthopaedic approaches related to the for-
ward positioning of the mandible have the
potential to increase pharyngeal airway di-
mensions (28). The results of this study are si-
milar with these studies.

Uvula length and angulation were signifi-
cantly different among the groups. In this
study the uvula angulation increased and inc-
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lunu ilgilendiren problemlerin daha sik gor-
lecegi bildirilmistir (21). Ayni zamanda man-
dibulanin ortopedik apareylerle ileri alindigi
vakalarda, nazofaringeal ve hipofaringeal
alanlardaki genisleme olmasi, hava yolunun
mandibula konumundan etkilendiginin gos-
tergesidir (28). Bu calismanin sonuclari da bu
bulgularla paralellik gostermektedir.

Uvula uzunlugu ve uvula egimi, gruplar
arasinda anlamli derecede farkhdir. Bu galig-
mada mandibula geriye dogru konumlandik-
ca uvula uzunlugu ve egimi artmakta, uvula
farinksin arka duvarina dogru konumlanmak-
tadir. Havayolu alanini daraltan ve obstriiktif
uyku apnesi problemlerine sebep olacak se-
kilde hava gecisini zorlastiran en 6nemli fak-
torlerden biri budur.

Hyoid kemik pozisyonu ile mandibula ko-
numu arasinda da anlamli bir iligki belirlen-
mistir ve bu bulgu st hava yolu boyutlarini
etkileyebilmesi agisindan onemlidir (29).
Mandibular retrognatisi olan bireylerde hyoid
kemik daha yukarida ve geride konumlanmis-
ken, mandibula prognatisi olan bireylerde da-
ha asagida ve ileridedir. Bu bulgular Yamaoka
ve ark. (30), Graber ve Neumann (31), Issa ve
ark. (32) ve Allhaija ve Al-Khateeb’in (33) so-
nuglariyla uyumludur. Sinif 1l bireylerde hyo-
id kemigi geride konumlandigi icin genioglos-
sus kasinin tst hava yollarini genisletecek se-
kilde kuvvet uyguladigi belirtilmistir (32).

Lye (34), Sinif Il bireylerde mandibular ge-
riletme ameliyatinin Gst hava yolunun daral-
masina sebep oldugunu, benzer sekilde Liuk-
konen ve ark. (35) ve Greco ve ark. (36)
mandibular geriletme sonrasinda retrolingual
ve hipofaringeal alanlarda kictilme oldugu-
nu ifade etmislerdir.

SONUC

Bu bulgular 1siginda st hava yollarinin
mandibula konumundan etkilendigi sonucu-
na varilabilir. Mandibular retrognatisi olan bi-
reylerde ozellikle hipofaringeal bolgenin,
mandibulanin normal konumda oldugu ve
ilerde konumlandigi bireylere gore daha dar
oldugu belirlenmistir.

Kegik

lined through the posterior wall of pharynx,
as the mandible positioned backwards. This
is the most important reason for complicating
the airway passage in obstructive sleep apne-
a patients.

There is a significant relationship between
the position of mandible and hyoid bone.
This finding is of great interest since it plays
an important role in affecting the upper air-
way dimensions (29). In mandibular retrog-
nathic patients, hyoid bone was located in an
upward and backward position, whereas it
was located in downward and forward posi-
tion in Class Il subjects. These findings are in
agreement with Yamaoka et al (30), Graber
and Neumann (31), Issa et al (32), and Allhai-
ja and Al-Khateeb (33). It is reported that sin-
ce hyoid bone is located posteriorly, geniog-
lossus muscle exerts force that expand the
upper airway space (32).

Lye et al (34) had indicated that mandibu-
lar set back surgery has detrimental effect on
the airway. Luikkonen et al (35) and Greco
et al (36) had reported a change in the posi-
tion of the hyoid bone and reduction in the
dimensions of the retrolingual and hypop-
haryngeal airway after mandibular setback
surgery.

CONCLUSION

According to the findings of the study, it
can be concluded as the upper airway space
is affected by the position of mandible. It sho-
uld be kept in mind that individuals having
mandibular retrognathia have narrower up-
per airway space, especially the hypophary-
ngeal area, compared to individuals with
normal or prognathic mandible.

Tiirk Ortodonti Dergisi 2009,22:93-101



10.

11.

12.

13.

14.

15.

16.

17.

18.

Mandibula Konumu ve Ust Hava Yolu
Mandibular Position and Upper Airway

KAYNAKLAR/REFERENCES

Dunn GF, Green LJ, Cunat J). Relationships between
variation of mandibular morphology and variation of
nasopharyngeal airway size in monozygotic twins.
Angle Orthod 1973;43:129-135.

Mc Namara JA Jr. Influence of respiratory pattern on
craniofacial growth. Angle Orthod 1981;51:269-300.

Solow B, Siershaek-Nielsen S, Greve E. airway adequ-
acy, head posture and craniofacial morphology. Am |
Orthod 1984;86:214-223.

Linder-Aronson S, Leighton BC. A longitudinal study of
the development of the posterior nasopharyngeal wall
between 3 and 16 years of age. Eur ] Orthod
1983;5:47-58.

Kerr WJS. The nasopharynx, face height and overbite.
Angle Orthod 1985;55:31-36.

Oulis CJ, Vadiakas GP, Ekonomides J, Dratsa J. The ef-
fect of hypertrophic adenoids and tonsils on the deve-
lopment of posterior crossbite and oral habits. J Clin Pe-
diatr Dent 1994;18:197-201.

Joseph AA, Elbaum }, Cisneros GJ, Eisig SB. A cephalo-
metric comparative study of the soft tissue airway di-
mensions in persons with hyperdivergent and normo-
divergent facial patterns. ] Oral Maxillofac Surg.
1998;56:135-139.

Lyberg T, Krogstad O, Djupesland G. Cephalometric
analysis in patients with obstructive sleep apnoea
syndrome: II. Soft tissue morphology. ] Laryngol Otol
1989;103:293-297.

Lyberg T, Krogstad O, Djupesland G. Cephalometric
analysis in patients with obstructive sleep apnoea
syndrome. . Skeletal morphology. J Laryngol Otol
1989;103:287-292.

Bacon WH, Turlot JC, Krieger J, Stierle JL. Cephalomet-
ric evaluation of pharyngeal obstructive factors in pati-
ents with sleep apneas syndrome. Angle Orthod.
1990;60:115-122.

Andersson L, Brattstrom V. Cephalometric analysis of
permanently snoring patients with and without obs-
tructive sleep apnea syndrome. Int J Oral Maxillofac
Surg. 1991;20:159-162.

Lowe AA, Santamaria JD, Fleetham JA, Price C. Facial
morphology and obstructive sleep apnea. Am J Orthod
Dentofacial Orthop. 1986,90:484-491.

Jamieson A, Guilleminault C, Partinen M, Quera-Salva
MA. Obstructive sleep apneic patients have crani-
omandibular abnormalities. Sleep 1986;9:469-477.

Battagel JM, L'Estrange PR. The cephalometric morp-
hology of patients with obstructive sleep apnoea
(OSA). Eur J Orthod 1996;18:557-69.

Tangugsorn V, Skatvedt O, Krogstad O, Lyberg T. Obs-
tructive sleep apnoea: a cephalometric study. Part I.
Cervico-craniofacial skeletal morphology. Eur ] Orthod
1995;17:45-56.

Tangugsorn V, Skatvedt O, Krogstad O, Lyberg T. Obs-
tructive sleep apnoea: a cephalometric study. Part II.
Uvulo-glossopharyngeal morphology. Eur J Orthod.
1995;17:57-67.

Riley R,Guilleminault C, Herran J, Powell N. Cephalo-
metric analysis and flow-volume loops in obstructive
sleep apnea patients. Sleep 1983;6:303-311.

Battagel JM, Johal A, L'Estrange PR, Croft CB, Kotecha
B. Changes in airway and hyoid position in response
to mandibular protrusion in subjects with obstructive
sleep apnoea (OSA). Eur ) Orthod. 1999;21:363-376.

Turkish Journal of Orthodontics 2009;22:93-101

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Adamidis IP, Spyropoulos MN. The effects of lympha-
denoid hypertrophy on the position of the tongue, the
mandible and the hyoid bone. Eur J Orthod.
1983,5:287-294.

Achilleos S, Krogstad O, Lyberg T. Surgical mandibular
setback and changes in uvuloglossopharyngeal morp-
hology and head posture: a short- and long-term cep-
halometric study in males. Eur ] Orthod 2000;22:383-
394.

Muto T, Yamazaki A, Takeda S. A cephalometric eva-
luation of the pharyngeal airway space in patients with
mandibular retrognathia and prognathia, and normal
subjects. Int ] Oral Maxillofac Surg 2008;37:228-231.

Handelman CS, Osborne G. Growth of the nasop-
harynx and adenoid development from one to eightee-
en years. Angle Orthod 1976;46:243-259.

Tourné LP. Growth of the pharynx and its physiologic
implications. Am ] Orthod Dentofacial Orthop
1991,99:129-139.

Jeans WD, Fernando DC, Maw AR, Leighton BC. A
longitudinal study of the growth of the nasopharynx
and its contents in normal children. Br J Radiol
1981;54:117-121.

Takagi Y, Gamble JW, Proffit WR, Christiansen RL. Pos-
tural change of the hyoid bone following osteotomy of
the mandible. Oral Surg Oral Med Oral Pathol
1967;23:688-692.

Fromm B, Lundberg M. The soft-tissue facial profile be-
fore and after surgical correction of mandibular protru-
sion. Acta Odontol Scand 1970 May;28(2):157-177.

Yiicel E, Yiicel-Eroglu E, Turk T, Saracgil S. Erigkin bi-
reylerde tist hava yolu morfolojisinin degerlendirilme-
si. Turk Ortodonti Dergisi 2000;13:179-188.

Hanggi M, Teuscher UM, Roos M, Peltomaki T. Long-
term changes in pharyngeal airway dimensions follo-
wing activator-headgear and fixed appliance treat-
ment. Eur J Orthod 2008;30:598-605.

Bibby RE, Preston CB. The hyoid triangle. Am ] Orthod
1981;80:92-97.

Yamaoka M, Furusawa K, Uematsu T, Okafuji N, Ka-
yamoto D, Kurihara S. relationship of the hyoid bone
and posterior surface of the tongue in prognathism and
micrognathia. ) Oral Rehabil 2003;30:914-920.

Graber TM, Neumann B. Removable Orthodontic
Appliances. Philadelphia Pa:WB Saunders;1977:230.

Issa FG, Edwards P, Szetzo E, Lauff D, Sullivan C. Ge-
nio-glossus and breathing responses to airway occlusi-
on: effect of sleep and route of occlusion. ] Appl Physi-
ol 1988;64:543-549.

Abu Allhaija ES, Al-Khateeb SN. Uvulo-glosso-phary-
ngeal dimensions in different anteroposterior skeletal
patterns. Angle Orthod 2005;75:1012-1018.

Lye KW. Effect of orthognathic surgery on the posterior
airway space (PAS). Ann Acad Med Singapore
2008;37:677-682.

Liukkonen M, Viahatalo K, Peltomaki T, Tiekso J, Hap-
ponen RP. Effect of mandibular setback surgery on the
posterior airway size. Int ] Adult Orthodon Orthognath
Surg 2002;17:41-46.

Greco JM, Frohberg U, Van Sickels JE. Long-term air-
way space changes after mandibular setback using bi-
lateral sagittal split osteotomy. Int ] Oral Maxillofac Surg
1990;19:103-105.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 250
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


