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ABSTRACT 

THE RELATIONSHIP BETWEEN THE HYOID BONE AND THE UPPER 

AIRWAY  

by 

ADRIANO FARINA 

 

The objective of this study was to investigate if there is an association 

between the 3-dimensional position and width of the hyoid bone, and the morphology 

of the upper airway (oropharyngeal volume, nasopharyngeal volume, total volume 

and minimum axial area).  Forty-seven (47) patients from CWRU’s Core orthodontic 

clinic having pre-treatment CBCT radiographs were examined: 28 female and 19 

male. CBCT radiographs visibly demonstrated all appropriate landmarks in order to 

examine the hyoid bone and the upper airway. Exclusion criteria included patients 

with evidence of congenital craniofacial deformities, detectable pharyngeal pathology 

through inspection of the images, nasal obstruction, scans showing incomplete 

imaging of the airway, and extreme mandibular plane measurements (FMA <19 or 

>31).  All measurements were conducted using Dolphin imaging software. 

Oropharyngeal (OP) volumes and nasopharyngeal (NP) volumes were measured and 

summed to provide the total upper airway volume. In addition, the most constrictive 
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axial area (MinAx) was also recorded.  Hyoid bone position was recorded in three 

dimensions, along with the inter-greater horn distance. 

Vertical markers of hyoid bone position were shown to have no significant 

correlation with the morphology of the upper airway. However, both the sagittal 

position of the hyoid bone and width of the hyoid bone were found to be significantly 

correlated with the OP volume, and consequently the total airway volume (p < 0.05). 

Additionally, the MinAx was found to be significantly correlated with the sagittal 

position of the hyoid bone (p < 0.05). 32.3% of the variability in the OP volume could 

be predicted using the hyoid bone’s 3D position and width. 

 We conclude that the vertical and mediolateral position of the hyoid bone 

doesn’t seem to influence the airway parameters studied in this project. The sagittal 

position of the hyoid bone has a significant positive correlation with the OP volume 

and the MinAx, while the width of the hyoid bone has a significant positive 

correlation with the OP volume. 

 

 

 

 

 

 

 

 

 



viii 
 

 

 

 Remove page



 

1 
 

LITERATURE REVIEWregREVIEW no underline 

Line needs removed 

 

 

 

A cr i t i cal  st ep i n or t hodont i c di agnosi s and 

t r eat ment  pl anni ng i nvol ves t he t aki ng of  r adi ogr aphi c 

i mages.  I n t he past ,  t he l at er al  cephal ogr am and 

panor ami c r adi ogr aph wer e consi der ed t o be t he gol d 

st andar d.  As r esear ch i n t he f i el d of  r adi ol ogy has 

pr ogr essed,  new met hods of  i magi ng have ent er ed i nt o t he 

ar ena of  or t hodont i cs.  Cone- beam comput ed t omogr aphy 

( CBCT)  pr ovi des a t hr ee- di mensi onal  v i ew of  t he har d and 

sof t  t i ssue st r uct ur es of  t he head and neck.  As we 

t r ansi t i on f r om t wo t o t hr ee di mensi onal  i magi ng,  t her e 

ar e mor e oppor t uni t i es t o i nvest i gat e t he anat omi cal  

char act er i st i cs of  our  pat i ent s.   

I magi ng i n Or t hodont i cs 

Because a l at er al  cephal ogr am i s a 2D i mage of  a 

compl ex 3D st r uct ur e,  i t  has numer ous l i mi t at i ons,  

i ncl udi ng “ di st or t i on,  di f f er ences i n magni ficat i ons,  

super i mposi t i on of  t he bi l at er al  cr ani of aci al  st r uct ur es,  

and i n addi t i on,  a l ow r epr oduci bi l i t y as a r esul t  of  

di f ficul t i es i n l andmar k i dent i ficat i on”  ( Lenza 2010) .   

Sagi t t al  l i near  measur ement s of  t he ai r way have been 

f ound t o have a weak cor r el at i on wi t h t r ansver s e l i near  

measur ement s,  most  cr oss- sect i onal  ar eas and most  par t i al  
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vol umes of  t he upper  ai r way.  Addi t i onal l y,  t he upper  

ai r way cannot  be accur at el y descr i bed usi ng a s i ngl e 

l i near  measur ement  obt ai ned f r om a 2D i mage.   

Fur t her mor e,  r epor t i ng t he t ot al  ai r way vol ume doesn’ t  

t el l  t he i nvest i gat or  anyt hi ng about  t he 3D mor phol ogy of  

t he ai r way.  Magnet i c r esonance i magi ng has shown t hat  t he 

di f f er ence i n ai r way cal i ber  bet ween apnei c and nor mal  

subj ect s i s due mor e t o t he si ze and t hi ckness of  t he 

l at er al  phar yngeal  wal l s,  t han t he ant er opost er i or  

measur ement s of  t he ai r way ( Schwab 1995) .  Thi s 

i l l ust r at es how sagi t t al  and ver t i cal  measur ement s of  t he 

ai r way may be mi sl eadi ng when t her e i s a r est r i ct i on i n 

t he t r ansver se di mensi on.  

Al t hough a si ngl e l i near  measur ement  cannot  

accur at el y descr i be t he mor phol ogi cal  char act er i st i cs of  

t he ai r way,  t he ar ea of  most  const r i ct ed r egi on at  t he 

base of  t he t ongue i n t he axi al  v i ew ( Mi nAx) ,  i s t he 

var i abl e t hat  demonst r at es t he best  cor r el at i on wi t h t he 

or ophar yngeal  vol ume.  ( El  Hakan and Pal omo,  2011,  2013)   

Despi t e t he f act  t hat  ai r way si ze may pr edi spose 

i ndi v i dual s t o phar yngeal  col l apse,  t he mor phol ogy and 

el l i pt i cal  or i ent at i on of  t he ai r way may be mor e 

i mpor t ant .  Lei t er  et  al  ( 1996)  f ound t hat  peopl e wi t h 

obst r uct i ve sl eep apnea ( OSA)  t end t o have ai r ways t hat  

ar e el l i pt i cal l y shaped al ong t he ant er opost er i or  
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di r ect i on.  Thi s el l i pt i cal  or i ent at i on may negat i vel y 

af f ect  t he act i v i t y of  t he upper  ai r way muscul at ur e.  

Because of  i t s abi l i t y t o obt ai n f ast  and compl et e 

i mages at  a r easonabl e cost ,  CBCT i magi ng has become a 

vi abl e way t o exami ne t he upper  ai r way i nst ead of  MRI  and 

convent i onal  CT scans ( Osor i o 2008) .  Var i ous 

i nvest i gat or s have shown t hat  by adj ust i ng var i ous 

set t i ngs,   CBCT i magi ng al l ow us t o see t he i nt r i cat e 

det ai l s of  t he upper  ai r way whi l e l i mi t i ng t he r adi at i on 

dose t he i ndi v i dual  i s subj ect ed t o ( Osor i o 2008,  Pal omo 

2007)  

I n or t hodont i cs,  most  i nvest i gat i ons of  t he ai r way 

have pr i mar i l y r evol ved ar ound 2D l at er al  cephal ogr ams.  

Whi l e t he ai r way i s a compl ex 3D st r uct ur e,  l at er al  

cephal ogr ams ar e onl y abl e t o pr ovi de t he i nvest i gat or  

wi t h l i near  and angul ar  measur ement s ( El  Hakan and Pal omo 

br i ng t hi s up  possi bl y t ake out  some spaces 

above20102010) . ) .  

When you do t hi s shoul d br i ng t he bel ow up  

Ai r way vol umes can be cal cul at ed t hr ough aut omat i c 

or  manual  segment at i on.  Segment at i on of  t he ai r way 

i nvol ves t he demar cat i on and r emoval  of  adj acent  

st r uct ur es t o hi ghl i ght  t he r egi on of  i nt er est .  Manual  

segment at i on i s a t i me consumi ng pr ocess,  wher eby t he 

i nvest i gat or  must  del i neat e t he ai r way r egi on on each 
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sl i ce of  t he CBCT,  and t hen combi ne t hese measur ement s t o 

pr oduce a vol ume.  Aut omat i c segment at i on r el i es upon t he 

sof t  t i ssues sur r oundi ng t he ai r way havi ng hi gher  densi t y 

val ues t han t he ai r way i t sel f .  By i dent i f y i ng t he densi t y 

of  t he ai r way voxel s,  one can t hen di f f er ent i at e t he 

ai r way f r om t he nei ghbor i ng sof t  t i ssue st r uct ur es and 

cal cul at e t he ai r way vol ume i n a qui cker  f ashi on.  

Al t hough manual  segment at i on pr ovi des a mor e accur at e 

measur ement  of  ai r way vol umes compar ed t o aut omat i c 

segment at i on,  i t ’ s  t i me consumi ng nat ur e make i t s 

c l i ni cal  appl i cabi l i t y i mpr act i cal .  El  Hakan and Pal omo 

( 2010)  demonst r at ed t hat  measur i ng t he ai r way usi ng 

aut omat i c segment at i on was ver y r el i abl e,  but  was l ess 

accur at e when compar ed t o manual  segment at i on.  Syst emat i c 

er r or s i nt r oduced dur i ng t he segment at i on pr ocess t end t o 

over est i mat e or  under est i mat e t he ai r way vol umes.  

Thi s shoul d begi n t he page     2”  mar gi n 

Phar yngeal  Mor phol ogy and Gr owt h 

 The phar ynx consi st s of  t hr ee pr i nc i pal  

r egi ons;  t he nasophar ynx,  or ophar ynx and hypophar ynx .   

Because of  i t s  i nt i mat e associ at i on wi t h t he or al  and 

nasal  cavi t y,  t he phar ynx pl ays a pi vot al  r ol e i n speech,  

r espi r at i on and degl ut i t i on.  I nf er i or l y t he phar ynx 

di v i des i nt o an ant er i or  and post er i or  segment .  The 

ant er i or  di v i s i on becomes t he l ar ynx of  t he r espi r at or y 
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t r act ,  and t he post er i or  di v i s i on becomes t he esophagus 

of  t he di gest i ve t r act  ( Donner ,  1985) .  

Pr i or  t o exami ni ng i f  t her e i s a r el at i onshi p 

bet ween t he hyoi d bone and t he upper  ai r way,  one must  

under st and how t he har d and sof t  t i ssue st r uct ur es of  t he 

or ophar yngeal  r egi on change over  t i me.  Tayl or  et  al  

( 1996)  exami ned heal t hy,  or t hodont i cal l y  unt r eat ed 

chi l dr en i n or der  t o el uci dat e t he pat t er n of  bony and 

sof t  t i ssue gr owt h of  t he or ophar ynx.  Lat er al  

cephal ogr ams of  t hi r t y - t wo pat i ent s wer e exami ned at  t he 

ages of  6,  9,  12,  15 and 18 year s of  age.  Har d and sof t  

t i ssue t r aci ngs wer e compi l ed at  di f f er ent  ages i n or der  

t o gener at e t r aci ng t empl at es.  Phar yngeal  sof t  t i ssues 

exhi bi t ed t wo per i ods of  accel er at ed change ( 6- 9 year s 

and 12- 15 year s)  and t wo per i ods of  qui escence ( 9- 12 

year s and 15- 18 year s) .  Begi nni ng at  age 9,  t he sof t  

pal at e i ncr eased i n bot h l engt h and t hi ckness.  The 

i ncr ease i n ai r way si ze t hat  occur s f r om ages 6- 9 i s 

t hought  t o occur  due t o cont i nued gr owt h of  t he 

phar yngeal  r egi on,  sur gi cal  r emoval  of  adenoi d t i ssue and 

t he nat ur al  i nvol ut i on of  adenoi d t i ssue,  ei t her  al one or  

i n combi nat i on wi t h one anot her .  The same t hr ee 

mechani sms ar e suspect ed t o pl ay a r ol e i n t he i ncr ease 

of  t he ai r way dur i ng t he 12- 15 year  ol d t i me per i od.  

Mor eover ,  i nf er i or  r egi ons of  t he ai r way l ocat ed bel ow 
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t he t onsi l s and adenoi ds  al so demonst r at ed t hese per i ods 

of  gr owt h and qui escence.   

 

Hyoi d Bone Posi t i on and Mor phol ogy 

The hyoi d bone i s t he onl y bone i n t he head and neck 

r egi on wi t hout  a bony ar t i cul at i on.  I t  l i es f r eel y 

suspended by muscl es t hat  ar e i nt egr al l y r el at ed t o t he 

phar yngeal  r egi on.  I t s muscl e at t achment s can be 

descr i bed as bel ongi ng ei t her  t o t he supr ahyoi d or  

i nf r ahyoi d gr oups.  Ar i s i ng f r om t he car t i l ages of  t he 2 nd 

and 3r d br anchi al  ar ches,  t he hyoi d bone consi st s of  a 

cent r al  body whi ch t hen pr oj ect s post er i or l y as a l ef t  

and r i ght  gr eat er  hor n.  At t achi ng t o t he super i or  sur f ace 

of  t he hyoi d bone ar e t he l ef t  and r i ght  l esser  hor ns  

( Moor e 2007) .  Papadopoul os et  al  ( 1989) ,  used t he hyoi d 

bones f r om 76 cadaver s t o demonst r at e t hei r  l ack of  

symmet r y.  Among t hei r  sampl e,  al most  50% of  hyoi d bones 

wer e f ound t o be asymmet r i c i n t he t r ansver se di mensi on.  

Near l y 60% of  t he hyoi d bones exami ned di spl ayed some 

di f f er ence i n t he ext ensi on of  t he gr eat er  hor ns.    

A combi nat i on of  l i near  and angul ar  measur ement s 

show t hat  t he hyoi d bone descends  and moves sl i ght l y 

ant er i or l y up t o age 18.  Ant er i or  movement  of  t he hyoi d 

bone i s post ul at ed t o be r el at ed t o t he f or war d 

t r ansl at i on of  t he mandi bl e t hat  occur s dur i ng 
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cephal ocaudal  skel et al  gr owt h.  The descent  of  t he hyoi d 

bone may be expl ai ned by t he gr owt h of  t he cer vi cal  

ver t ebr ae.  The combi ned ant er i or  and downwar d 

di spl acement  r esul t s f r om t he hyoi d bone bei ng suspended 

bet ween t he cer vi cal  ver t ebr ae and t he mandi bl e ( Tayl or ,  

1996) .  

 The hyoi d bone posi t i on i s det er mi ned by t he 

combi ned act i v i t y of  t he supr ahyoi d and i nf r ahyoi d muscl e 

gr oups,  wi t h t he upper  ai r way ( UA)  di l at or  muscl es bei ng 

of  gr eat  i mpor t ance.  I t  i s  bel i eved t hat  an i ncr ease i n 

upper  ai r way r esi st ance occur s when t he cont r act i l e 

pr oper t i es of  t hese muscl e gr oups change,  and t her e i s a 

l oss i n t he compensat or y muscul ar  mechani sms desi gned t o 

est abl i sh upper  ai r way  pat ency,  al so r esul t i ng i n a 

change i n hyoi d bone posi t i on ( Ver i n,  2002)  

 Behl f el t  et  al  ( 1990)  concl uded t hat  age was 

posi t i vel y cor r el at ed wi t h l i near  measur ement s of  

sagi t t al  and ver t i cal  post ur e of  t he hyoi d bone.  Enl ar ged 

t onsi l s can i mpi nge on t he upper  ai r way,  l eadi ng t o a 

r est r i ct ed passage and smal l er  ai r way vol umes.  They 

obser ved t hat  chi l dr en wi t h enl ar ged t onsi l s had a mor e 

caudal l y posi t i oned hyoi d bone wi t h r espect  t o t he 

mandi bul ar  pl ane ( H- MP) .  When compar i ng t he sagi t t al  

posi t i on of  t he hyoi d bone,  ei t her  i n r el at i on t o t he 

cer vi cal  spi ne or  t o gnat hi on,  no si gni f i cant  di f f er enc es 
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wer e f ound bet ween cont r ol s and subj ect s wi t h enl ar ged 

t onsi l s.  Cohen et  al  ( 1976)  f ound t hat  dur i ng gr owt h and 

devel opment ,  t he t ongue i ncr eases i n s i ze and becomes 

l ar ger  wi t h r espect  t o t he i nt er maxi l l ar y space,  

especi al l y i n mal es.  Thi s di spr opor t i onat e i ncr ease i n 

t ongue mass r el at i ve t o t he or al  cavi t y may l ead t o t he 

t ongue movi ng downwar ds an as i ndi v i dual  gr ows.  Thi s 

descent  of  t he t ongue may pl ay a r ol e i n t he i nf er i or  and 

ant er i or  movement  of  t he hyoi d bone t hat  occur s as one 

ages.    

Just  l i ke Tayl or  et  al ,  Nel son et  al   ( 2003)  f ound 

t hat  t he H- MP di st ance i ncr eased over  t i me,  i r r espect i ve 

i f  t he per son was a snor er  or  not .  Thei r  st udy 

demonst r at ed t hat  t her e was a t r end f or  snor er s t o have a 

gr eat er  H- MP di st ance dur i ng t he pr epuber t al  and puber t al  

per i od ( P < 0. 10) .  Li kewi se,  adul t  snor er s di spl ayed a 

si gni f i cant l y l ar ger  H- MP di st ance ( P < 0. 05)  compar ed t o 

nonsnor i ng cont r ol s.  Hyoi d bone posi t i on can pot ent i al l y 

be i nf l uenced by anat omi c var i abl es,  neur omuscul ar  

cont r ol  and even deposi t i on of  f at  i n t he neck r egi on.  

Sf or za et  al  ( 2000)  hypot hesi zed t hat  excessi ve subment al  

f at  deposi t i on i n obese pat i ent s coul d be r esponsi bl e f or  

movi ng t he hyoi d bone f ur t her  i nf er i or l y.  
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Ai r way Funct i on and Hyoi d Bone Posi t i on 

An ef f ect i ve appr oach t o decr easi ng upper  ai r way 

col l apsi bi l i t y i nvol ves decr easi ng t he r esi st ance t o 

ai r f l ow al ong t he ai r way.  Pat i ent s wi t h a maxi l l ar y 

t r ansver se def i c i ency of t en have a smal l er  cr oss-

sect i onal  ar ea of  t he ai r way,  cont r i but i ng t o t hei r  

i ncr eased nasal  ai r way r esi st ance.  Sur gi cal  and 

or t hopedi c expansi on of  t he maxi l l a has been shown t o 

s i gni f i cant l y i ncr ease t he nasal  ai r way vol ume and 

mi ni mal  cr oss sect i onal  ar ea,  t hus decr easi ng t he 

r esi st ance t o nasal  ai r f l ow.   

Upon exami ni ng l at er al  cephal ogr ams,  Sf or za et  al  

( 2000)  showed t hat  di f f er ences i n t he posi t i on of  t he 

hyoi d bone and measur ement s of  t he post er i or  ai r way space 

exi st  bet ween cont r ol  subj ect s and snor er s .  They pr oposed 

t hat  t he phar yngeal  cr i t i cal  pr essur e ( Pcr i t ) ,  whi ch 

r epr esent s t he mi ni mal  ai r way pr essur e r equi r ed t o al l ow 

ai r f l ow t o pass t hr ough t he upper  ai r way,  pl ays a cent r al  

r ol e i n phar yngeal  col l apsi bi l i t y.  Upon exami ni ng mal e 

pat i ent s w/  OSA,  i t  was f ound t hat  Pcr i t  had a 

Formatted: Font: Courier
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si gni f i cant  cor r el at i on wi t h t he di st ance f r om t he hyoi d 

bone t o t he post er i or  phar yngeal  wal l  ( r  = 0. 29,  p = 

0. 03)  and t he ver t i cal  posi t i on of  t he hyoi d bone ( r  

=0. 32,  p =0. 02) .  A l ower  hyoi d posi t i on was t heor i zed t o 

pr edi spose a subj ect  t o phar yngeal  col l apse by 

i nf l uenci ng t hei r  Pcr i t ,  t hus somewhat  cont r i but i ng t o 

t hei r  OSA.  

Ver i n et  al  ( 2002)  demonst r at ed t hat  segment al  upper  

ai r way r esi st ance ( UAR)  was cor r el at ed wi t h t he post er i or  

ai r way space ( PAS)  and t he di st ance f r om t he hyoi d bone 

t o t he mandi bul ar  pl ane and t he di st ance f r om t he hyoi d 

bone t o t he post er i or  phar yngeal  wal l  ( H- Ph)  ( P < 0. 05) .  

Pat i ent s wi t h OSA di spl ayed a gr eat er  UAR whi ch was 

l i nked t o var i ous anat omi cal  var i abl es,  especi al l y t he 

posi t i on of  t he hyoi d bone.  A mor e downwar d and ant er i or  

posi t i on of  t he hyoi d bone was demonst r at ed i n OSA 

subj ect s compar ed t o bot h snor er s and nor mal  subj ect s.   

Van de Gr aaf f  et  al  ( 1984)  conduct ed a st udy on 

anest het i zed dogs,  and obser ved how t he hyoi d ar ch and 

t he muscl es t hat  at t ach t o i t  can act  t o mai nt ai n and 

i ncr ease t he pat ency of  t he upper  ai r way and can af f ect  

upper  ai r way r esi st ance.  They demonst r at ed t hat  movi ng 

t he hyoi d ar ch vent r al l y,  v i a wi r e t r act i on or  by 

st i mul at i ng hyoi d muscl es ,  s i gni f i cant l y decr eased t he UA 

r esi st ance dur i ng t he i nspi r at or y and expi r at or y phases.  
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Addi t i onal l y t he vent r al  movement  of  t he hyoi d ar ch al so 

r esul t ed i n expansi on t he ai r way.  The muscl es of  t he 

hyoi d ar ch,  whi ch pl ay a cr uci al  r ol e i n est abl i shi ng t he 

UA mor phol ogy,  demonst r at ed changes i n muscl e act i v i t y i n 

r esponse t o chemi cal ,  vagal  and negat i ve pr essur e 

st i mul i .  

 

I nf l uence of  RME on Hyoi d Bone Posi t i on and Ai r way 

Vol umes 

Li nks bet ween hyoi d posi t i on and ai r way r esi st ance 

have been demonst r at ed i n t he l i t er at ur e.  Because 

maxi l l ar y t r ansver se def i c i ent  pat i ent s r ecei v i ng 

or t hopedi c maxi l l ar y expansi on exper i ence a decr ease i n 

nasal  ai r way r esi st ance,  Phoeni x et  al  ( 2011) ,  

i nvest i gat ed i f  r api d maxi l l ar y expansi on ( RME)  had any 

associ at i on wi t h t he posi t i on of  t he hyoi d bone r el at i ve 

t o t he mandi bul ar  pl ane.  When compar i ng cont r ol s t o 

pat i ent s who r ecei ved RME t o t r eat  a t r ansver se maxi l l ar y 

def i c i ency,  t he gr oup r ecei v i ng RME was f ound t o have a 

l ar ger  H- MP di st ance pr i or  t o or t hodont i c i nt er vent i on.  

Af t er  or t hodont i c t r eat ment ,  t he RME gr oup exper i enced a 

decr ease i n t he H- MP di st ance,  whi l e t he H- MP di st ance 

i ncr eased i n t he non- RME gr oup.  The pr et r eat ment  

di f f er ence i n H- MP di st ance bet ween t he t wo gr oups was 

el i mi nat ed,  t hus i l l ust r at i ng t hat  RME t ends t o nor mal i ze 
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hyoi d bone posi t i on.   

The changes i n hyoi d bone posi t i on as a r esul t  of  

RME have been cl ear l y descr i bed.  I n t hei r  st udy,  El  Hakan 

and Pal omo ( 2013) ,  r eveal ed t hat  pat i ent s wi t h a 

maxi l l ar y t r ansver se di scr epancy r ecei v i ng RME 

exper i enced a si gni f i cant  i ncr ease i n t he vol ume of  t he 

nasophar ynx.  The mean i ncr ease i n t he vol ume of  t he NP 

r egi on was mor e t han t wi ce as l ar ge i n t he RME gr oup 

compar ed t o t he cont r ol  gr oup ( 1719. 9 ± 1510. 7 vs.  813. 6 

± 1006. 7,  p=0. 006) .  However ,  a s i gni f i cant  i ncr ease i n 

t he OP vol ume wasn’ t  det ect ed i n t he RME pat i ent s 

compar ed t o t he cont r ol s.   

 

Upper  Ai r way Vol ume 

Var i ous ai r way par amet er s can be si gni f i cant l y  

di f f er ent  among subj ect s wi t h di f f er ent  maxi l l ar y and 

mandi bul ar  posi t i ons.  I n an at t empt  t o descr i be how 

sagi t t al  j aw posi t i on coul d af f ect  t he upper  ai r way ,  El  

Hakan and Pal omo ( 2011)  compar ed di f f er ent  ai r way 

pr oper t i es among pat i ent s wi t h var i ous sagi t t al  skel et al  

r el at i onshi ps.  The OP vol ume was  si gni f i cant l y smal l er  i n 

Cl ass I I  pat i ent s compar ed t o Cl ass I  and Cl ass I I I  

pat i ent s.  As t he mandi bl e assumed a mor e ant er i or  

posi t i on t he OP vol ume became l ar ger ,  whi l e a mor e 

post er i or l y posi t i oned mandi bl e was assumed t o posi t i on 
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t he t ongue and sof t  pal at e backwar ds i nt o t he or ophar ynx 

t her eby decr easi ng i t s vol ume.   The NP vol ume onl y showed 

st at i st i cal l y s i gni f i cant  di f f er ences bet ween t he Cl ass 

I I  and Cl ass I  gr oups,  wher eby t he NP vol ume was smal l er  

when t he mandi bl e assumed a mor e r et r uded posi t i on.  I n 

2013,  El  Hakan and Pal omo,  f ur t her  di st i ngui shed pat i ent s 

wi t h di f f er ent  sagi t t al  j aw r el at i onshi ps by exami ni ng 

whet her  t he maxi l l a or  mandi bl e was r esponsi bl e f or  t he 

skel et al  i mbal ance.  The PAS,  t he Mi nAx and t he OP vol ume 

wer e f ound t o be t he smal l est  i n Cl ass I I  pat i ent s wi t h 

mandi bul ar  r et r ognat hi sm and hi ghest  i n Cl ass I I I  

pat i ent s wi t h mandi bul ar  pr ognat hi sm.  Compar ed t o Cl  I I  

subj ect s wi t h mandi bul ar  pr ognat hi sm,  Cl  I  pat i ent s had a 

si gni f i cant l y l ar ger  NP vol ume.  Thi s i l l ust r at es bot h t he 

r ol e of  mandi bul ar  posi t i oni ng on t he conf i gur at i on of  

t he upper  ai r way,  as wel l  as t he i mpor t ance of  segment i ng 

t he upper  ai r way i nt o or ophar yngeal  and nasophar yngeal  

compar t ment s when conduct i ng ai r way measur ement s.   

Li kewi se,  Gr auer  et  al  ( 2009)  exami ned whet her  

ver t i cal  or  sagi t t al  j aw posi t i on af f ect ed ai r way 

vol umes.  The upper  ai r way was di v i ded i nt o a super i or  and 

i nf er i or  compar t ment  and combi ned t o pr ovi de a t ot al  

vol ume measur ement .  They obser ved a si gni f i cant  

di f f er ence i n t he i nf er i or  compar t ment  vol ume bet ween 

di f f er ent  A- P skel et al  r el at i onshi ps.  No si gni f i cant  
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di f f er ence i n t he super i or  compar t ment  vol umes was f ound 

f or  di f f er ent  A- P skel et al  r el at i onshi ps.  Addi t i onal l y,  

no si gni f i cant  di f f er ences i n t he i nf er i or ,  super i or  and 

t ot al  ai r way vol umes among t he l ong,  nor mal  and shor t  

f aced gr oups wer e demonst r at ed i n t hi s st udy.  Conf l i ct i ng 

r esul t s bet ween var i ous st udi es may be expl ai ned by t he 

use of  di f f er ent  anat omi cal  boundar i es i n or der  t o 

segment  t he ai r way i nt o var i ous compar t ment s.   

Pet er s- Schust er  et  al  ( 2009)  set  out  t o det er mi ne i f  

t her e was any si gni f i cant  di f f er ence i n t he NP and OP 

vol umes bet ween mal es and f emal es who wer e 12 and 13 

year s ol d.  Usi ng CBCT r adi ogr aphs obt ai ned f or  

or t hodont i c  di agnosi s,  t hey concl uded t hat  t her e was no 

si gni f i cant  di f f er ence i n t he OP or  NP vol umes bet ween 

mal es and f emal es at  12 nor  13 year s ol d.   Because of  t he 

l ack of  di f f er ence bet ween sexes,  t he mal e and f emal e 

sampl es wer e combi ned t o exami ne i f  t her e was any 

di f f er ence i n ai r way vol umes bet ween 12 and 13 year  ol d 

subj ect s.  Once agai n,  no si gni f i cant  di f f er ence was 

f ound.  I nt er est i ngl y,  BMI  di dn’ t  account  f or  s i gni f i cant  

di f f er ences i n NP nor  OP vol umes.   

Al t hough a popul at i on of  subj ect s may demonst r at e a 

l ar ge r ange of  possi bl e ai r way vol umes ,  Sul l i van et  al  

( 2010) ,  obt ai ned ai r way vol umes f r om t he CBCTs of  50 

pat i ent s under  18 year s ol d under goi ng or t hodont i c 
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t r eat ment .   Among t hei r  sampl e,  t he OP vol ume i ncr eased 

0. 98 ±1. 17 CC/ year  and NP vol ume i ncr eased 1. 05 ±0. 89 

CC/ year .  No si gni f i cant  di f f er ence i n t he r at e of  vol ume 

change was obser ved f or  age,  gender ,  et hni c i t y,  t r eat ment  

dur at i on nor  use of  RME.   
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STATEMENT OF THE THESIS 

 

The objective of this study was to examine if a relationship existed between 

the three-dimensional position and width of the hyoid bone, and the morphology of 

the upper airway, utilizing CBCT imaging. Forty-seven subjects had airway volumes 

and the most constricted area obtained through automatic segmentation of the airway. 

The same subjects then had the position of the hyoid bone recorded in three 
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dimensions, as well as the hyoid bone width, from CBCT images. 

It was hypothesized that no relationship existed between the hyoid bone 

position and width, and airway volumes and most constricted axial area. If rejected, 

patients with a particular hyoid position and width would have a tendency to have 

larger airway volumes and minimum cross sectional area. 
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ABSTRACT 

THE RELATIONSHIP BETWEEN THE HYOID BONE AND THE UPPER 

AIRWAY  

by 

ADRIANO FARINA 

 

The objective of this study was to investigate if there is an association 

between the 3-dimensional position and width of the hyoid bone, and the morphology 

of the upper airway (oropharyngeal volume, nasopharyngeal volume, total volume 

and minimum axial area).  Forty-seven (47) patients from CWRU’s Core orthodontic 

clinic having pre-treatment CBCT radiographs were examined: 28 female and 19 

male. CBCT radiographs visibly demonstrated all appropriate landmarks in order to 

examine the hyoid bone and the upper airway. Exclusion criteria included patients 

with evidence of congenital craniofacial deformities, detectable pharyngeal pathology 

through inspection of the images, nasal obstruction, scans showing incomplete 

imaging of the airway, and extreme mandibular plane measurements (FMA <19 or 

>31).  All measurements were conducted using Dolphin imaging software. 

Oropharyngeal (OP) volumes and nasopharyngeal (NP) volumes were measured and 

summed to provide the total upper airway volume. In addition, the most constrictive 

axial area (MinAx) was also recorded.  Hyoid bone position was recorded in three 

dimensions, along with the inter-greater horn distance. 
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Vertical markers of hyoid bone position were shown to have no significant 

correlation with the morphology of the upper airway. However, both the sagittal 

position of the hyoid bone and width of the hyoid bone were found to be significantly 

correlated with the OP volume, and consequently the total airway volume (p < 0.05). 

Additionally, the MinAx was found to be significantly correlated with the sagittal 

position of the hyoid bone (p < 0.05). 32.3% of the variability in the OP volume could 

be predicted using the hyoid bone’s 3D position and width. 

 We conclude that the vertical and mediolateral position of the hyoid bone 

doesn’t seem to influence the airway parameters studied in this project. The sagittal 

position of the hyoid bone has a significant positive correlation with the OP volume 

and the MinAx, while the width of the hyoid bone has a significant positive 

correlation with the OP volume. 
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INTRODUCTION 

 

Imaging as always been a key concept in orthodontic diagnosis and treatment 

planning. Cone-beam computed tomography (CBCT) provides a three-dimensional 

view of the hard and soft tissue structures of the head and neck, allowing us to 

examine areas, volumes and complex hollow structures, including the airway, all 

while being able to modulate the radiation dose
6,11,12

. Though the relationship 

between the hyoid bone and the airway remains controversial, both structures are 

readily identifiable on routine CBCT images. Lenza et al
9
 showed that the “upper 

airway cannot be accurately expressed by single linear measurements as performed 

on cephalograms”. Furthermore, reporting the total airway volume doesn’t tell the 

investigator anything about the 3D morphology of the airway. 2D imaging fails to 

examine the transverse dimension of the airway which often has a large implication 

on the airway morphology and function
16

. Although a single linear measurement 

cannot accurately describe the morphological characteristics of the airway, the most 

constricted area at the base of the tongue in the axial view (MinAx), is the variable 

that demonstrates the best correlation with the oropharyngeal volume 
4, 5

.  

Airway volumes can be measured on CBCT images through a variety of 

methods. Automatic segmentation of the airway has been shown to be a reliable way 

to report the oropharyngeal (OP) and the nasopharyngeal (NP) volume, while being 

much more time efficient compared to manual segmentation
6
. 

Prior to examining if there is a relationship between the hyoid bone and the 
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upper airway, one must understand how the hard and soft tissue structures of the 

oropharyngeal region change over time. Taylor et al
17

 examined healthy 

orthodontically untreated children in order to elucidate the pattern of bony and soft 

tissue growth of the oropharynx. Airway size was found to increase due to continued 

growth of the pharyngeal region, surgical removal and natural involution of adenoid 

tissue, either alone or in combination with one another. Additionally it was show that 

the hyoid bone descends and moves slightly anteriorly up to age 18. Many studies
1,2,10

 

have reported that the hyoid bone descends and moves anteriorly during growth and 

development. 

The hyoid bone position is determined by the combined activity of the 

suprahyoid and infrahyoid muscle groups, with the upper airway (UA) dilator 

muscles being of great importance. It is believed, that an increase in upper airway 

resistance (UAR) occurs when the contractile properties of these muscle groups 

change, and there is a loss in the compensatory muscular mechanisms designed to 

establish UA patency, also resulting in a change in hyoid bone position18. 

Moreover, it has been demonstrated that segmental UAR was correlated with the 

posterior airway space (PAS), the distance from the hyoid bone to the mandibular 

plane (H-MP) and the distance from the hyoid bone to the posterior pharyngeal wall 

(H-Ph) (P < 0.05). Additional investigations have also shown that subjects with 

enlarged tonsils
1
 or excessive submental fat deposition

15
, both of which can affect 

airway morphology, may have changes in the vertical position of the hyoid bone, and 

occasionally the sagittal position.  
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Links between hyoid position and airway resistance have been demonstrated 

in the literature.  An effective approach to decreasing upper airway collapsibility 

involves decreasing the resistance to airflow along the airway. Patients with a 

maxillary transverse deficiency have a smaller cross-sectional area of the airway, 

contributing to increased nasal airway resistance. Rapid maxillary expansion (RME) 

has been shown to significantly increase the nasal airway volume and minimal cross 

sectional area, thus decreasing the resistance to nasal airflow. Phoenix et al
14

, 

investigated if RME had any association with the position of the hyoid bone relative 

to the mandibular plane. When comparing controls to patients who received RME to 

treat a maxillary transverse deficiency, the group receiving RME was found to have a 

larger distance from the H-MP prior to orthodontic intervention. After orthodontic 

treatment, the RME group experienced a decrease in the H-MP distance, while the H-

MP distance increased in the non-RME group. The pretreatment difference in H-MP 

between the two groups was eliminated, thus illustrating that RME tends to normalize 

hyoid bone position. 

As the changes in hyoid bone position as a result of RME have been clearly 

outlined, it has been proven that RME also causes a significant increase in the volume 

of the nasopharynx. El Hakan and Palomo
7
 demonstrated that the mean increase in 

the volume of the NP region was more than twice as large in the RME compared to 

the control group (1719.9 ± 1510.7 vs. 813.6 ± 1006.7, p=0.006). However, a 

significant increase in the OP volume wasn’t detected in the RME patients compared 

to controls.  
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The influence of mandibular and maxillary sagittal position on airway 

morphology has been clearly illustrated
4,5,8

. The posterior airway space, the MinAx 

and the OP volume were found to be the smallest in Class II patients with mandibular 

retrognathism and highest in Class III patients with mandibular prognathism. A more 

posteriorly positioned mandible is assumed to position the tongue and soft palate 

backwards into the oropharynx, thereby decreasing its volume. The NP volume 

showed statistically significant differences between the Class II and Class I groups, 

whereby the NP volume was smaller when the mandible assumed a more retruded 

position. Because of its intimate involvement of the tongue, it’s postulated that the 

hyoid bone position would change in patients with different skeletal jaw relationships. 

It seems plausible that a relationship may exist between the 3D position of the hyoid 

bone and the upper airway morphology, yet no study to date has examined this 

relationship using CBCT imaging.  

 

MATERIALS AND METHODS 

Sample Selection 

 

70 patients were randomly selected from Case Western Reserve University’s 

Core teenage clinic. All patients to be included in the study had a pre-operative 

CBCT taken for diagnostic purposes. All CBCTs needed to demonstrate the 

appropriate landmarks necessary to perform the appropriate measurements.  In 

addition patients were required to have completed medical history forms and online 

dental charts. Exclusion criteria included patients with evidence of congenital 
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craniofacial deformities, detectable pharyngeal pathology through inspection of the 

CBCT images, visible nasal obstruction/masses, scans with incomplete imaging of the 

airway, poor demarcation of the airway-soft tissue interface of the pharynx, scans 

showing incomplete imaging of the airway, and extreme vertical mandibular plane 

measurements (FMA <19 or >31). After applying the inclusion and exclusion criteria, 

47 patients (28 female, 19 male) comprised the sample group. 

 

Data Collection 

 

Descriptive information on each patient was obtained from the completed 

dental history forms and online dental charts. CBCT images were attained using a 

Hitachi CB Mercuray Scanner (Hitachi Medical Systems America, Twinsburg, Ohio). 

All radiographs were taken prior to the commencement of this study for diagnostic 

purposes. The radiographs were taken with a 2mA, 120kVp and 12-in field of view (F 

mode) setting. Every radiograph was comprised of 512 slices, with a slice thickness 

of 0.3777 mm, a resolution of 1024 x 1024 pixels, and 12 bits per pixel (4096 gray 

scale). 

All DiCOM files were loaded to a computer with a Xeon (Intel, Santa Clara, 

Calif) processor, running Windows 7 Professional (Microsoft, Redmond, Wash) 

operating system.  Measurements were then made using Dolphin 3D (version 11.8, 

Dolphin Imaging & Management Solutions, Chatsworth, Calif). All CBCTs were 

oriented according to the protocol outlined by Wu et al
19

. Orientation of the CBCT in 

the coronal view was achieved by aligning the axial plane with the center of the left 
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and right optical foramina. In the axial view, the CBCT was rotated until the coronal 

plane was aligned with the center of the left and right foramen ovale. The sagittal 

plane was placed to pass through the foramen cecum, serving as a midsagittal marker. 

In the sagittal view, the pitch of the head was altered until the axial plane passed 

through McRae’s line (Basion-Opisthion). Following proper orientation, a lateral 

cephalogram was created in order to gather linear and angular cephalometric 

measurements. Sagittal and vertical position of the hyoid bone was calculated by first 

identifying the most anterosuperior point on the hyoid bone (Hyoidale, H). Vertical 

position was recorded as the perpendicular distance from Hyoidale to the mandibular 

plane (Gonion-Menton). The sagittal position of the hyoid bone was recorded as the 

distance from Hyoidale to the most anteroinferior point on the third cervical vertebrae 

(C3), parallel to Frankfurt Horizontal (Porion-Orbitale). Angular and linear 

measurements were obtained using a digitized tracing of each rendered image after 

applying a customized tracing analysis. 

Airway volumes were calculated using the sinus/airway feature in Dolphin 3D 

imaging. The OP volume was defined as the pharyngeal volume located between a 

plane passing through the palatal plane (PNS-ANS) and a parallel plane passing 

through the most anteroinferior point of the second cervical vertebrae (C2). Both 

planes were extended to pass through the anterior and posterior pharyngeal walls 

(figure 1). The superior limit of the OP volume served as the inferior limit of the NP 

volume. The NP volume was defined as being the pharyngeal volume located 

between the palatal plane and a parallel plane passing through the last axial slice 
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before the nasal septum fused with the posterior pharyngeal wall (figure 2).  

Once boundaries were outlined in the sagittal plane, additional boundaries 

outlining the respective airway were made in the axial and coronal planes (figure 3 

and 4). Four seed points were placed within the confines of the OP airway region and 

five within the NP region, in order to identify airway voxels and their respective 

density. The region that would be calculated as the airway volume was to be marked 

in pink. The airway sensitivity scale was set to its maximum (100), and then scaled 

back until it was determined that no region outside of the airway was being identified 

by the pink marker. Once the sensitivity was selected, the airway volumes were 

calculated and recorded. 

The minimal cross section area of the OP volume in the axial plane (MinAx) 

was calculated using the “enable minimum axial area” feature. Superior and inferior 

limits were identified in the sagittal plane and were moved until they passed through 

both anterior and posterior airway-soft tissue boundaries (figure 5). 

The most lateral extension of the left and right greater horns of the hyoid bone 

were identified in all 3 planes of space (figure 6). Distances from the lateral most 

point on the greater horn perpendicular to the mid sagittal line were calculated in the 

coronal plane. The combined distances from the right and left greater horn were 

summed to determine the width of the hyoid bone (figure 7). The geometric center 

point between the two greater horns was also recorded in reference to the midsagittal 

plane (centered, right or left). The absolute value of the perpendicular distance from 

the center point to the midsagittal plane was recorded as the mediolateral position of 
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the hyoid bone. 

Data Analysis 

Data from the 47 subjects were entered into an Excel
TM

 (Microsoft 

Corporation – Redmond, WA) spreadsheet and then statistical analyses were 

performed using Excel
TM

 and SPSS statistical software (SPSS Inc. – Chicago, IL). All 

measurements were repeated on 10 randomly selected patients and intra-rater 

reliability was reported using intra-class correlation coefficients. A Shapiro-Wilks test 

was performed to assess for normality. Pearson Correlation Coefficient tests (r) were 

performed to examine the degree of association between the respective airway and 

hyoid bone variables, with significance accepted for analysis set at p < 0.05. (Table 

3). Patients were then grouped according to their sagittal jaw relationships (Class I (0 

< ANB < 4), Class II (4 ≤ ANB), Class III (0 ≥ ANB), illustrated in table 4. No 

significant differences were found in the hyoid bone position, width, airway volumes 

and areas between Cl I and II individuals. 

 

RESULTS 

Intra-rater reliability on the 10 randomly selected subjects ranged from 0.893-

0.998, indicating good reliability among the sample measurements (Table 1). 

Descriptive statistics describing the sample population are illustrated in Table 2.  

After performing Pearson Correlation Coefficient tests, no airway volumes nor the 

MinAx were found to have any significant correlations with the vertical position of 

the hyoid bone (Table 3). The OP volume (8,349 ± 3164 mm
3)

 and the total volume 
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(15, 047 ± 4,952 mm
3
) were both found to be significantly associated with the sagittal 

position of the hyoid bone (r = 0.399, p =0.006) and the width of the hyoid bone (r = 

0.325, p = 0.026). The NP volume (6,699± 2,853 mm
3
) was not found to have any 

significant correlation with any measurements of the hyoid bone positions nor the 

hyoid width.  The MinAx (148.2 ± 70.2 mm
2
) showed a positive association with the 

sagittal hyoid position
 
(r = 0.445, p = 0.002). Consistent with previous studies

4,5
, 

significant positive correlations were observed between most of the upper airway 

variables measured (Table 3).  

Table 4 illustrates the means and standard deviations among Class I subjects 

(12 females, 8 males), Class II subjects (14 females, 8 males) and Class III subjects (2 

females, 3 males).  

Multiple linear correlations were performed to look at how much of the 

variability in airway volumes and the MinAx could be predicted by the different 

hyoid positions and the hyoid width (Tables 5-8). The R
2
 value for the OP model was 

0.323, with the sagittal position of the hyoid bone and the width of the hyoid bone 

being significant independent variables (p < 0.05). The MinAx model had the highest 

R
2
, with a value of 0.361. The sagittal position was found to be a significant variable 

(p = 0.001), but not the hyoid width (p = 0.252). Consequently, in the MinAx model, 

the hyoid mediolateral position seemed to be the independent variable with the 

strongest predictive value. Hyoid position and width were the worst at being able to 

predict the variability of the NP volume. It was found that the only significant 

independent variable for the NP volume model was the hyoid width (p = 0.048).  
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DISCUSSION 

CBCT imaging allows for the 3D investigation of hollow structures, including 

the airway. Thus with 3D imaging, studies are examining volumes and areas rather 

than lengths and angles
6
. Various studies examining the airway have already been 

conducted utilizing CBCT imaging. Because of its reliability, automatic segmentation 

was chosen to sculpt the upper airway
6
. Though the reported volumes may be 

overestimates or underestimates of the true volumes, these reproducible 

measurements are sufficient to test for correlations in a time efficient manner. 

Different theories regarding positional changes in the hyoid bone exist. Aside 

from growth and development, it has been postulated that the hyoid bone is an 

indicator of head and neck muscle tone. Others believe that the vertical change in 

hyoid bone position may be part of a neuromuscular response, whereby patients with 

a small NP volume experience a change in their H-MP distance as part of a 

compensatory mechanism to increase their NP volume
14

. 

Despite numerous studies examining hyoid bone position, our current study 

appears to be one of the first to describe the hyoid bone position in 3D using CBCT 

imaging. Furthermore, this study was able to report norms for the inter-greater horn 

distance. 

A recent study
3
, looked at inter-greater horn distance, however no mention of 
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the transverse position of the hyoid bone was made. Additionally they failed to 

examine the nasopharynx and only reported which variables could describe the 

variability among OP volumes. However, this study did find a positive correlation 

when comparing the various airway volumes and areas. The high correlation between 

the total volume and the MinAx has been reported by others
4, 5

. 

Differences in hyoid bone shape, as well as asymmetries and anisometries, 

make it crucial to examine the hyoid bone in 3D. A previous study examining 76 

human cadavers, found that 47.4% of hyoid bones were asymmetric (40% to the right, 

60% to the left) and 59.0% had greater horns that were anisometric
13

. Our findings 

are in agreement, where we found that fewer than 5% of our sampled subjects had 

greater horns equidistantly positioned from the mid-sagittal plane. When locating the 

lateral most extensions of the greater horns, deviations in the sagittal and vertical 

position were also noted. 

Among our sample population, no significant correlations were found between 

the vertical position of the hyoid bone and any airway variable. Phoenix et al
14

 

illustrated that RME causes the hyoid bone to move superiorly compared to controls. 

One would expect that as the NP volume increased, the H-MP distance would 

decrease, yet this relationship wasn’t observed among our sample. 

 The classification of subjects into the different angle classifications was done 

solely by using ANB, with Class I being defined as O < AND < 4. Had a different 

range of ANB angles, or additional variables such as overjet or mandibular length 

been used to stratify the sample, the distribution within each angle group could have 
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been vastly different. It’s entirely possible that significant differences between hyoid 

bone position and width, and airway measurements could exist among the various 

angle groups had different criteria been used to define these groups. 

The MinAx has a significant influence on airway functioning, and is strongly 

correlated with the OP volume. Despite 3D evaluation of the airway being more 

valuable, many orthodontists are still taking lateral cephalograms as part of their 

orthodontic records. We showed that the hyoid bone’s sagittal position was positively 

correlated with the MinAx. Because the distance of the hyoid bone to C3 can be 

easily measured on 2D images, while the MinAx cannot, the hyoid bone-C3 distance 

could be used as part of a diagnostic workup to assess airway function in new 

patients. Extreme posterior positioning of the hyoid bone could alert clinicians to 

patients with possible airway issues, and could be used as a preliminary screening 

tool for airway function. When searching for information about the hyoid bone 

position, lateral cephalogram studies are still relevant because the sagittal position of 

the hyoid bone seems to be the most important. However, CBCT studies are required 

when one wants to investigate the morphology of the upper airway.  

A thorough examination of the sample population used in this study is 

required.  Because patients were randomly sampled, an unequal distribution of Class 

I, II and III patients was obtained. The effect of sagittal jaw position on airway 

volumes and constrictive regions may have biased our results when examining the 

collective sample. The small number of Class III subjects reflects the predominance 

of Class I and II patients among the orthodontic seeking population.  
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The airway is a structure constantly changing as we breathe throughout the 

day. CBCT images provide only a small snapshot of this dynamic process. A single 

CBCT image may not accurately reflect the anatomic relationships of the pharyngeal 

region that truly exists in an individual. However, one would expect that as the 

configuration of the upper airway were to change, the position of the hyoid bone 

would also change accordingly. As the field of diagnostic imaging is constantly 

evolving, we may one day be able to investigate the dynamic interplay between the 

hyoid bone and the airway throughout the inspiration and expiration process.  

Future studies should examine how the relationship between the hyoid bone 

and the airway is affected in patients with different sagittal jaw positions. Moreover, 

as our study has a cross-sectional design, we have yet to examine how the 

relationship between the airway and the hyoid bone changes longitudintally. 

When evaluating the airways of our patients, it is crucial for us as clinicians to 

assess their airway function. Flow volume loops obtained from spirometry tests can 

be used to demonstrate the presence of extrathoracic obstructions and evaluate airway 

function. Furthermore, pulse oximetry can be used to measure oxygen saturation in an 

individual’s blood.  Investigating how the position and width of the hyoid bone could 

influence these objective measurements of airway function seems like the next logical 

step if we are to use radiographs as a screening tool for airway problems. 
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ConclusionsCONCLUSIONS 

1) The vertical and mediolateral position of the hyoid bone doesn’t seem to 

influence the airway parameters studied in this project. 

2) The sagittal position of the hyoid bone has a significant positive correlation 

with the OP volume and the MinAx. 

3) The width of the hyoid bone has a significant positive correlation with the OP 

volume. 
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List of Figures 

Figure caps 

1. -- OP VOLUME SUPERIOR AND INFERIOR LIMITS IN SAGITTAL SLICE. 

 
 

FIGURE 2. -- NP VOLUME SUPERIOR AND INFERIOR LIMITS IN SAGITTAL 

SLICE: 
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FIGURE 3. -- OP VOLUME BOUNDARY TRACING AND SEED POINTS IN 

CORONAL SLICE: 

 
 

FIGURE 4. -- OP VOLUME BOUNDARY TRACING AND SEED POINTS IN 

AXIAL SLICE. 
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FIGURE 5. -- MEASUREMENT OF THE MINAX. 

 
 

FIGURE 6. -- LOCALIZATION OF OUTER CONTOUR OF GREATER HORN OF 

THE HYOID BONE.
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FIGURE 7. -- INTER-GREATER HORN DISTANCE MEASURED AS THE 

PERPENDICULAR DISTANCE FROM LATERAL-MOST EXTENSION OF THE 

GREATER HORN TO THE MID-SAGITTAL PLANE. 
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TABLE 1. -- RELIABILITY OF MEASUREMENTS. 

Variable Intraclass Correlation Coefficient 

Hyoid Width 0.893 

Hyoid Vertical Position 0.996 

Hyoid Sagittal Position 0.988 

OP Volume 0.998 

NP Volume 0.994 

Total Volume 0.996 

MinAx 0.995 

SNA 0.937 

SNB 0.942 

ANB 0.987 

FMA 0.983 

Maxillary Length 0.994 

Mandibular Length 0.995 

 

TABLE 2. --DESCRIPTIVE STATISTICS OF SAMPLE (N =47). 
 Maximum (years) Minimum (years) Mean (years) S.D. (years) 

Age 11.1 16.1 13.1 1.4 

Female Age (n = 28) 11.1 15.9 13.0 1.4 

Male age ( n = 19) 11.2 16.1 13.2 1.4 

 
 OP 

Volume 
(mm3) 

NP 

Volume 
(mm3) 

Total 

Volume 
(mm3) 

MinAx 

(mm2) 

Hyoid Vertical 

Position (mm) 

Hyoid Sagittal 

Position (mm) 

Hyoid Mediolateral 

Position (mm) 

Hyoid 

Width (mm) 

Mean 8,349 6,699 15,047 148.2 12.0 33.8 1.5 39.9 

S.D. 3,164 2,853 4,952 70.2 4.1 4.3 1.3 4.1 

  
 SNA (°) SNB (°) 

 

 

ANB (°) FMA (°) Maxillary Length - 

Co-A (mm) 

Mandibular Length – 

Co-Gn  (mm) 

Mean 81 77 4.0 25 86.5 116.7 

S.D. 3.0 3 2.0 3 6.4 8.7 
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TABLE 3. -- PEARSON CORRELATION COEFFICIENTS OF OVERALL 

SAMPLE (N =47).

 
 

TABLE 4. --DESCRIPTIVE STATISTICS FOR CL I, II AND III GROUPS. 
Class I ( n=20) Class II (n=22) Class III (n =5) 

 Mean S.D. Mean S.D. Mean S.D. 

OP Vol (mm
3

) 8,367 3,598 8,499 2,957 7619 2640 

NP Vol (mm
3

) 6,957 3,275 6,262 2,502 7584 2726 

Total Vol (mm
3

) 15,324 6,256 14,761 3,757 15203 4596 

MinAx (mm
2

) 149.6 81.0 148.7 64.8 139.9 58.3 

Hyoid Vertical  

(mm) 

12.4 4.2 11.4 4.2 12.5 4.0 

Hyoid Sagittal 

(mm) 

32.8 5.4 34.7 3.3 34.0 2.9 

 

Hyoid Width (mm) 40.7 4.3 39.4 4.0 39.2 4.8 

Hyoid Mediolateral 

(mm) 

1.7 1.4 1.4 1.4 1.5 0.9 

SNA (°) 81 3 81 2 79 4 

SNB(°) 78 3 76 2 80 3 

ANB (°) 3 1 5 1 -1 1 

FMA (°) 24 3.6 25 3 24 3 

Maxillary Length - 

Co-A (mm) 

84.8 6.3 88.8 6.0 83.6 6.8 

Mandibular Length 

- Co-Gn (mm) 

116.4 9.6 116.5 7.9 118.7 10.2 
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TABLE 5. --MULTIPLE LINEAR REGRESSION MODEL FOR OP VOLUME: 

 

 
 
 
TABLE 6. --MULTIPLE LINEAR REGRESSION MODEL FOR NP VOLUME: 
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TABLE 7. -- MULTIPLE LINEAR REGRESSION MODEL FOR TOTAL VOLUME: 

 

 
 
TABLE 8. --MULTIPLE LINEAR REGRESSION MODEL FOR MINAX: 
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RAW DATA 

 

AIRWAY VOLUMES, AREAS, AND HYOID BONE POSITION 

MEASUREMENTS: 

Subject # sex 
OP Volume 

(mm3) 
NP Volume 

(mm3) 
Total Airway 

Volume (mm3) 
MinAx 
(mm2) 

Hyoid 

Mediolateral 
Position (mm) 

Hyoid 

Vertical 
Position (mm) 

1 F 6659.4 5309.1 11968.5 141.8 4.9 13.3 

2 F 7340 10624.6 17964.6 112.2 0.15 12.6 

3 F 7214.1 6020.8 13234.9 147.6 1.55 10.6 

4 F 7835.7 5915.5 13751.2 62.3 2.4 9 

5 M 12826.6 4197.7 17024.3 184.2 3.55 11.1 

6 M 4092.4 9024.4 13116.8 66.7 0.35 4.8 

7 F 6882.5 3732.2 10614.7 178.2 0.4 19.4 

8 M 8984.1 10179.5 19163.6 137.3 2.15 18.5 

9 F 5306.5 3585.1 8891.6 91.6 3.15 10.3 

10 F 9780.1 10936.3 20716.4 187.5 0.4 11.1 

11 M 9816.3 4722.7 14539 142.5 0.2 5.6 

12 F 5724.1 4636.3 10360.4 130.1 0.3 8.4 

13 F 3161 5197.1 8358.1 42.9 2.1 9.2 

14 F 13245.8 8981.8 22227.6 388.1 0 14.1 

15 M 10045.1 6962.6 17007.7 149.5 1.75 14 

16 M 5938.6 3998.5 9937.1 100.5 2.6 15.9 

17 F 6217.2 5644.5 11861.7 101.3 0.55 15 

18 M 6249.9 9910 16159.9 69.4 0.35 10.5 

19 F 7982.4 3669.5 11651.9 155.8 0.75 12.7 

20 F 6170.4 7364.7 13535.1 72.2 3.85 2.9 

21 F 6587 6125.1 12712.1 102.6 0.25 15.1 

22 F 8144.7 4554.9 12699.6 232.6 0.15 10.7 

23 M 11215 6249.5 17464.5 153.7 2.1 12.5 

24 M 3360.1 7444 10804.1 84.7 4.05 12.1 

25 M 8506.9 3151 11657.9 193.4 0.25 6.7 

26 F 12343.7 7829.1 20172.8 239.1 1 13.7 

27 F 7316.7 2560.7 9877.4 115.7 0.7 9.8 

28 F 8170.8 3124 11294.8 124.9 0.7 18.6 

29 M 6315.4 9444.5 15759.9 103 0.75 6.7 

30 M 7590.8 3321.2 10912 125.9 2.1 19.8 

31 M 12630.1 9873.1 22503.2 216.3 1.45 7.7 

32 F 7442.4 2748.9 10191.3 125.4 3.1 20.4 

33 F 12162.3 7849.4 20011.7 228.2 1.5 12.5 
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34 F 5551.2 6110.3 11661.5 68 1.1 10.3 

Subject # Sex 

OP Volume 

(mm3) 

NP Volume 

(mm3) 

Total Airway 

Volume (mm3) 

MinAx 

(mm2) 

Hyoid 

Mediolateral 

Position (mm) 

Hyoid 

Vertical 

position (mm) 

34 F 5551.2 6110.3 11661.5 68 1.1 10.3 

35 F 8844.7 5077.4 13922.1 139.3 4.15 11.3 

36 F 8520.1 8928.7 17448.8 169.8 1.25 15.4 

37 M 18626.9 14717.5 33344.4 304.8 0.25 11.7 

38 F 5382.7 3940.3 9323 116.5 1.6 9.8 

39 M 8187.2 7818.8 16006 103.1 4.45 13 

40 F 17765.7 6170.7 23936.4 332.3 0.7 15.6 

41 F 6447.1 8586.8 15033.9 125.8 1.25 12.7 

42 M 9439.5 5175.1 14614.6 127.5 1.05 12.3 

43 M 5327.9 5240.5 10568.4 76.8 0.75 8.8 

44 M 10072.4 12939.5 23011.9 128.8 1.15 5.1 

45 F 7842.8 4889.3 12732.1 189.5 1.6 12.1 

46 M 8062 10690.7 18752.7 180.3 0 8.7 

47 F 9068 9661.3 18729.3 193.5 2.25 19.6 

        
Mean 

 

8348.857447 6698.621277 15047.47872 148.1531915 0.612766 11.95106383 

S.D. 

 

3164.453449 2852.964053 4951.982701 70.22246591 0.166559 4.107991805 

 
HYOID POSITION AND CEPHALOMETRIC MEASUREMENTS: 

Subject # Sex 

Hyoid Sagittal 

Position (mm) SNA (°) SNB (°) ANB (°) FMA (°) 

Maxillary 

Length (mm) 

Mandibular 

Length (mm) 

1 F 37 80.7 77 3.7 29 81.3 109.7 

2 F 26.4 79.7 77 2.8 21.6 76.1 105.5 

3 F 33.5 81 80.6 0.3 22.4 82 115.1 

4 F 26.6 74.9 71.9 3 27.5 86.1 117 

5 M 38.2 81 75.8 5.2 25.9 84.5 116.2 

6 M 35 78.4 73.8 4.6 21.7 83.2 113.8 

7 F 34 76.6 75.6 1 25.5 80.3 118.4 

8 M 37.2 76 76.2 -0.3 20.4 87.2 120.8 

9 F 25.8 80.3 76.5 3.8 30.5 75.8 104.5 

10 F 33.9 79.9 74.9 5 27 77.8 105.2 

11 M 29.8 82.6 75 7.6 23.9 82.6 103.3 

12 F 32.4 84.2 81.2 2.9 21 81 105.4 

13 F 30.5 82.3 82.8 -0.5 25.1 71.5 101.6 

14 F 34.5 82.4 80.5 1.9 25 77.6 107.2 

15 M 34.3 76.6 79.1 -2.5 26.4 86.6 128.2 

16 M 33.2 77.9 74.9 3 19.6 84.5 113.2 
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17 F 25.5 77.6 75.4 2.3 21.9 77 105.4 

18 M 37.9 80.7 75.8 4.9 19.6 96.3 125.4 

Subject # Sex 

Hyoid Sagittal 

Position (mm) SNA (°) SNB (°) ANB (°) FMA (°) 

Maxillary 

Length (mm) 

Mandibular 

Length (mm) 

18 M 37.9 80.7 75.8 4.9 19.6 96.3 125.4 

19 F 37 81.1 73.8 7.3 29.9 93.8 115.8 

20 F 31.9 84.6 80 4.6 22.4 93.5 116.9 

21 F 29.7 79.8 75.4 4.4 21.5 82.2 105.1 

22 F 38.5 80.6 73.5 7 25.8 88.7 109.6 

23 M 31.8 82.5 82.2 0.3 30.8 81.6 113 

24 M 35 79.8 77.6 2.2 23 89.4 121.4 

25 M 37.3 81.3 76.4 4.9 22.6 94.9 124 

26 F 33.4 83.3 76.7 6.6 23.7 100.3 130.6 

27 F 30.1 81.6 75.9 5.6 27.2 86.4 110.1 

28 F 32.7 79.2 74.6 4.6 29.1 88.3 118.2 

29 M 35 83.6 80.3 3.3 22.7 94.3 127.4 

30 M 40.1 82.6 79 3.6 19.2 92.9 125.6 

31 M 28.1 83.6 80 3.5 24.6 82.6 112.8 

32 F 38.4 82.7 79.8 2.9 20 95 126.5 

33 F 32.6 79 76.5 2.5 23 86 113.7 

34 F 29.4 79.9 76.7 3.1 29.8 85.6 118.5 

35 F 39.5 81.6 76.1 5.5 30.3 87.3 123.4 

36 F 34.8 82.4 77.3 5.2 23.5 98.7 125.2 

37 M 47.1 86.8 83.9 2.9 24.9 93 141.6 

38 F 34.4 80.3 74.9 5.4 25.2 88.1 118.7 

39 M 35.2 85.6 81.5 4.1 19.4 93.6 124.6 

40 F 39.2 81.8 76.9 4.9 24.2 85.5 117.9 

41 F 32.8 77.2 73 4.2 29.8 82.8 108.3 

42 M 33.3 83.5 77 6.5 26.5 89.1 122.8 

43 M 29.8 76.9 72.1 4.8 19.9 83 105.8 

44 M 30.2 80 76.5 3.6 22.8 93 125.9 

45 F 36.5 83.3 83.9 -0.6 21 87.8 123.9 

46 M 31.7 76.6 78 -1.4 25.5 84.9 118.9 

47 F 38.9 84.4 76.8 7.6 29.8 92 122 

                  

Mean   33.83191489 80.81702 77.24043 3.570213 24.51276596 86.50425532 116.6829787 

S.D.   4.272770529 2.685251 2.943575 2.353066 3.43648057 6.439246427 8.712817124 
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REPEATED MEASUREMENTS OF AIRWAY VOLUMES, AREAS, AND HYOID 

BONE POSITION: 

Subject # sex 
OP Volume 

(mm3) 
NP Volume 

(mm3) 
Total Airway 

Volume (mm3) 
MinAx 
(mm2) 

Hyoid 

Mediolateral 
Position (mm) 

Hyoid 

Vertical 
position (mm) 

27 F 7163.1 2988 10151.1 115.6 0.7 9.8 

26 F 12537.3 7839.1 20376.4 253.5 1 13.7 

25 M 8595 3349.4 11944.4 200.2 0.35 6.9 

24 M 3568.6 7352.7 10921.3 80.2 3.75 11.9 

23 M 11375 6223 17598 151.2 2.25 12.6 

22 F 8406.8 4909.6 13316.4 226.7 0.15 10.1 

34 F 5684.6 6786.9 12471.5 68 1.2 10.8 

21 F 6345.8 5812.1 12157.9 101.4 0.05 14.8 

43 M 5458.6 5201.5 10660.1 83.8 0.35 8.9 

44 M 10352.9 12620.9 22973.8 122.6 1.2 5.1 

  
 
REPEATED MEASUREMENTS OF HYOID POSITION AND CEPHALOMETRIC 

MEASUREMENTS: 

Subject # Sex 

Hyoid Sagittal 

Position (mm) SNA (°) SNB (°) ANB (°) FMA (°) 

Maxillary 

Length (mm) 

Mandibular 

Length (mm) 

27 F 30.7 81.3 76.2 5.1 26.7 86 109.7 

26 F 33.2 83.3 74.6 6.9 23.3 100 130.7 

25 M 37.1 82.3 76.8 5.4 23.2 94.6 125.1 

24 M 35.1 80.8 78.4 2.3 23.5 88.4 120.8 

23 M 32 81.7 81.5 0.2 31.3 81.8 114.1 

22 F 39 80.7 74.1 6.7 26.3 88.2 110.7 

34 F 29 79.2 75.8 3.4 29.7 87.1 117 

21 F 29.8 80.6 76 4.6 20.5 82.2 104.8 

43 M 29.2 76.4 72 4.4 18.7 83.6 106.7 

44 M 31.4 79.7 75.8 3.8 23.6 93 125.9 
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