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Abstract
Introduction. Reviews of the literature on
morphometrics of upper airway (UA) dimensions and
facial skeleton have been presented. However, there
have been no study reviews on the relationship between
UA morphometrics and mandibular morphometrics.
Aim of the study. To perform a systematic review of the
literature on the relationships between morphometric
measurements of UAs and mandibular morphometrics.
The authors searched for differences between UA
dimensions in various patterns of the facial skeleton.
Material and methods. The selected articles were
divided into three groups: 1) the relationship of
skeletal and/or dental Class II with UA dimensions,
2) the relationship of skeletal and/or dental Class
111 with UA dimensions, 3) the relationship of the
measurements of the Gonial angle and mandibular
length with UAs. Discussion. The authors indicated
a tendency towards smaller UA dimensions in
mandibular retrognathic subjects. Studies indicated
larger dimensions of both upper and lower pharynx
in the sample with skeletal Class III compared to the
dimensions in skeletal Class 1. Summary. The review
of the literature confirms the relationship between
mandibular morphology and position and particular
UA dimensions in the studied samples. Based on
the available knowledge, it would be possible to
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Streszczenie
Wstep. W dostepnym pismiennictwie prezentowane
byly artykuly pogladowe podejmujgce tematyke
zwigzang z morfometrig gornych drog oddechowych
i twarzoczaszki, ale brak bylo przeglgdu badan
zwigzkow pomiedzy morfometrig gornych
drog oddechowych a morfometrig zuchwy. Cel
pracy. Celem pracy byl systematyczny przeglad
pismiennictwa, odnoszqcy sie do zwigzkow pomiarow
morfometrycznych — gornych — drog — oddechowych
z morfometrig  zuchwy.  Poszukiwano  roznic
w wymiarach gornych drog oddechowych, w roznych
wzorcach twarzowej czesSci czaszki. Material i metody.
Wybrane artykutly podzielono na trzy grupy: 1) zwigzek
1l klasy szkieletowej i/lub zebowej z wymiarami
gornych drog oddechowych. 2) zwiqzek III klasy
szkieletowej i/lub zebowej z wymiarami gornych drog
oddechowych. 3) zwigzek pomiarow: kqta Gonial
i dlugosci zuchwy z gornymi drogami oddechowymi.
Omowienie i dyskusja. Autorzy wykazali tendencje do
zmniejszonych wymiarow gornych drog oddechowych
u pacjentow z retrognatycznym polozeniem zuchwy.
Przeprowadzone badania wskazywaly na zwiekszone
wymiary zarowno gardla gornego, jak i dolnego
w probiez Il klasq szkieletowg w porownaniu z I klasq
szkieletowq. Podsumowanie. Przeglgd pismiennictwa
potwierdza w badanych probach zwigzek pomiedzy
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adjust a treatment method influencing not only the
improvement in relation between the mandible and the
adjacent structures, especially superior and inferior
dental arches, but also considering UA dimensions in
respective skeletal classes.

Introduction

Relationships between upper airway (UA)
dimensions and mandibular morphology and
position have been reported a number of times in
the literature. Authors examining UA dimensions
have used different UA divisions and various
cephalometric landmarks. !

The division of UAs into three parts (i.e.
nasopharynx, oropharynx, hypopharynx) is widely
used in the literature.23 The McNamara’s (McN)
method is also applied.* The method consists in
measuring upper and lower pharyngeal widths. In
the case of the nasopharynx, frequent measurements
are made from lines from the Posterior Nasal Spine
(PNS) towards the Sella (S) and the Basion (B).?
In the oropharynx, the measurement is often made
from the Uvula (U) to the posterior pharyngeal
wall.%7 In the hypopharynx the measurement of
the cephalometric distance is mainly made from
Vallecula (V) and it is also designated towards the
posterior pharyngeal wall.® Additionally, some of
the measurements are related to the pharyngeal
length and the surface area of particular parts of
the UAs.8-10

A lateral cephalometric radiograph (LCR) is a
widely applied method of craniofacial imaging
in the sagittal plane, which allows linear,
angular and surface area measurements.!! Cone-
beam computed tomography (CBCT) has also
been applied by different authors in their study
methods. 12-14

Reviews of the literature on morphometrics
of UAs and facial skeleton have been presented.
However, there have been no reviews of the studies
on the relationship between morphometrics of the
UAs and the morphometrics of the mandible.

polozeniem i morfologiq zZuchwy a okreslonymi
wymiarami gornych drog oddechowych. Na podstawie
dostepnej wiedzy mozliwa bytaby proba dostosowania
metody leczenia wplywajgcej nie tylko na poprawe
relacji zuchwy do struktur sgsiednich, szczegolnie
gornego i dolnego luku zebowego, ale rowniez
uwzgledniajgcej wymiary gornych drog oddechowych
w poszczegolnych klasach szkieletowych.

Wstep

Tematyka zwigzkow wymiaréw gornych drog
oddechowych (GDO) z morfologia i potozeniem
zuchwy byla wielokrotnie podejmowana w pi-
$miennictwie. Autorzy, badajac wymiary GDO
opierali si¢ na r6znych ich podziatach oraz r6z-
nych punktach cefalometrycznych.!

Powszechnie stosuje si¢ w literaturze podziat
GDO na trzy czgséci: nosowa, ustng oraz krtanio-
w3 cze$é gardla, uzywajac metody McNamary.24
Metoda ta opiera si¢ na pomiarach szerokos$ci gar-
dta gornego i dolnego. W przypadku nosowej cze-
$ci gardta czesto prowadzone sg pomiary mierzone
na prostych poprowadzonych od punktu Posterior
Nasal Spine (PNS) w kierunku do Sella (S) oraz
do Basion (B).> W ustnej czesci gardla, pomiar
jest czesto wyznaczany od punktu Uvula (U) w
kierunku do tylnej $ciany gardta.6:” W krtaniowe;j
cze$ci gardla, pomiar odlegtosci cefalometryczne;j
gtdwnie rozpoczyna si¢ od punktu Vallecula (V) i
wyznaczany jest takze w kierunku do tylnej §ciany
gardta.® Istniejg rowniez pomiary dotyczace dhu-
gosci gardta i pola powierzchni poszczegélnych
czeéci GDO 810

Powszechnie stosowana metoda obrazowania
twarzoczaszki w plaszczyznie strzatkowej, umozli-
wiajaca wykonanie pomiardw liniowych, katowych
i pola powierzchni jest zdjgcie boczne cefalome-
tryczne (lateral cephalogram radiograph — LCR).!!
Autorzy wykorzystywali rowniez w swoich me-
todach badan stozkowa tomografie komputerowa
(cone-beam computed tomography — CBCT).12-14

Prezentowane byty tematy zwigzane z morfo-
metrig GDO i twarzoczaszki, ale brak byto w do-
stepnym pisSmiennictwie przegladu badan zwigz-
kéw pomiedzy morfometria GDO a morfometrig
zuchwy.
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Aim of the study

Theaimofthestudy was toundertake asystematic
review of the literature on the relationships
between morphometric measurements of UAs and
mandibular morphometrics. The authors of the
present study searched for the differences between
UA dimensions in various patterns of the facial
skeleton.

Material and methods

A systematic review of the literature was done
with the use of the PubMed electronic database
(National Library of Medicine NCBI). The
articles that underwent analysis were published
between September 1957 and January 2015,
and the following key words were entered:
mandible, airway, facial patterns, malocclusion,
mandibular retrognathia, mandibular
prognathism, different rotation, head posture,
growth pattern, prognathism, retrognathia,
airway, pharynx, pharyngeal airway, upper
pharyngeal airway, lower pharyngeal airway,
oropharynx,  nasopharynx,  oropharyngeal
nasopharyngeal airway, pharyngeal
airway passage.

The filters available in the PubMed database
were applied i.e. the articles published in English,
Species — humans. The exclusion criteria related
to the article included hereditary diseases, cleft
lip and palate, respiratory disorders, history of
surgical procedures within the area of the head
and the neck, history of orthodontic treatment.
The inclusion criteria were the following: the
division of the study sample into skeletal Class II,
Class III and/or the division of Class II and Class
III malocclusions, morphometric mandibular
measurements, linear and angular measurements
of the UAs. There were no restrictions as regards
a radiologic diagnostic method.

The selected articles were divided into three
groups: 1) the relationship of skeletal and/
or dental Class II with UA dimensions, 2) the
relationship of skeletal and/or dental Class III
with UA dimensions, 3) the relationship of the
measurements of the Gonial angle and mandibular
length with UAs.

airway,

Cel pracy

Celem pracy byl systematyczny przeglad pi-
$miennictwa, odnoszacy si¢ do zwigzkow po-
miaro6w morfometrycznych GDO z morfome-
trig zuchwy. Poszukiwano réznic w wymiarach
GDO, w réznych wzorcach twarzowej czgsci
czaszki.

Material i metody

Dokonano systematycznego przegladu pi-
$miennictwa, wykorzystujac elektroniczng baze
danych PubMed (National Library of Medicine
NCBI). Przeanalizowano artykuly opublikowa-
ne w okresie od wrzesnia 1957 roku do stycz-
nia 2015 roku, wprowadzajac nastepujace stowa
kluczowe: mandible, airway, facial patterns, ma-
locclusion, mandibular retrognathia, mandibu-
lar prognathism, different rotation, head posture,
growth pattern, prognathism, retrognathia, air-
way, pharynx, pharyngeal airway, upper pharyn-
geal airway, lower pharyngeal airway, oropha-
rynx, nasopharynx, oropharyngeal airway, naso-
pharyngeal airway, pharyngeal airway passage.

Zastosowano filtry dostepne w bazie PubMed:
artykuty opublikowane w jezyku angielskim, ga-
tunek — cztowiek. W trakcie selekcji zastosowano
rowniez kryteria wykluczenia artykutu: choroby
dziedziczne, rozszczepy wargi i podniebienia,
zaburzenia oddychania, przebyte zabiegi chirur-
giczne w obrgbie glowy i szyi, historia leczenia
ortodontycznego. Kryteriami wtaczenia byly: po-
dziat proby badawczej na klasy szkieletowe 11,
III i/lub podziat wad zgryzu klasy II i III, mor-
fometryczne pomiary zuchwy, pomiary liniowe
GDO, pomiary katowe GDO. Nie zastosowano
ograniczenia, co do radiologicznej metody dia-
gnostyczne;j.

Wybrane artykuty podzielono na trzy grupy:
1) zwigzek II klasy szkieletowej i/lub zgbowe;j
z wymiarami GDO, 2) zwigzek III klasy szkie-
letowej i/lub zgbowej z wymiarami GDO, 3)
zwiazek pomiarow: kata Gonial 1 dtugosci zu-
chwy z GDO.
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Table 1. Correlations between UA measurements and mandibular morphometrics. The comparison of UA measurements between subjects from
Class Il group and the remaining groups

Sample size, Correlations and the comparison of UA measurements
Title, author, gender, chron-  Division between subjects from Class Il subjects and the rema- ~ Imaging
year of publication ological age  of the study somple ining groups method
1. Evaluation of 13M Grup | 2°<ANB<5’ SNB — correlation with PAS-UP**, PAS-UT*, (BCT
pharyngeal airway space 12 F Grup Il ANB>5' PAS-TP*, PAS-ML*
amongst different skeletal SN/Go-Gn, FMA — negative correlation with PAS-UT*
pattems 810 In the case of linear measurements, statistically

(9.16 significant differences between group | and group Il
Alves et al. 2012 +0.64) were observed only in PAS-UP
2. Comparison of different 172 M skeletal Class | ANB=0-4  Upper pharyngeal width was narrower in Class | LCR
craniofacial patterns with 188 F skeletal Class Il ANB>4  and Class Il subjects with a hyperdivergent pattern
pharyngeal widths SN/Go-6n as compared to subjects with normodivergent and

1420 hypodivergent <32° hypodivergent patterns.
Memon et al. 2012 normodivergent 33-37°  Lower pharyngeal width — no differences in three

hyperdivergent >38° vertical facial pattems.
McNamara’s analysis
3. Three-dimensional 24 M Class | 1<ANB<4 ang-0A — correlation with ANB** (BCT
analysis of pharyngeal 36 F Class 11 ANB>4 Pog-N perpendicular™*
airway form in children Class 11l ANB<1 Greater ang-0A in Class Il as compared to Class | and
with anteroposterior facial  10-13 Class 11
pattems
Ohetal. 2011
4. Sagittal mondibulor 14 M SNA 7983 DOP — correlation with SNB*** LCR
development effectson ~ 17°F Group | 76°<SNB<82" DNP and DHP values were comparable in all three
the dimensions of the Group Il SNB<76’ groups
awake pharyngeal airway 1525 Group III SNB>82° DOP: comparable values between Class Il and Class I,
passage a significant difference of the values between Class Il
and Class Il

Jenaet al. 2010
5. A cephalometric 30F normal mandible The group with mandibular retrognathia presented with LR
evaluation of the 76'<SNB <82 smaller PAS-UP and PAS-TP as compared to subjects
pharyngeal airway 17-30 retrognathic mandible with a normal mandible.
space in patients with (22.3) SNB<76’
mandibular retrognathia prognathic mandible
and prognathia, and SNB>82'

normal subjects

Muto et al. 2008
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Table 1. cont.

Sample size, Correlations and the comparison of UA measurements

Title, author, gender, chron-  Division between subjects from Class Il subjects and the rema- Imaging
year of publication ological age  of the study sample ining groups method
6. Upper and lower pha- 8 M SN/Go-6n Upper pharyngeal width was narrower in the groups LCR
ryngeal airway in subjects 12 F Group 1 — dental Class | with Class | and Class II with a vertical growth pattem
with Class | and |1 ma- with a normal growth as compared to the groups with Class | and Class I with
locclusion and different ~ 11.64 pattern 33.09° a normal growth pattern.
growth patterns Group 2 — dental Class |~ No influence of a vertical growth pattern on lower

with a vertical growth pharyngeal dimensions was observed.
de Freitas et al. 2006 pattern 42.43°

Group 3 — dental Class Il

with a normal growth

pattem 32.46°

Group 4 — dental Class Il

with a vertical growth

pattem 39.76°
7. Uvulo-glosso- 45 M | ANB 1-5 VAL was smaller in Class Il subjects as compared to LR
pharyngeal dimensionin 45 F Il ANB>5 Class Il subjects.
different anteroposterior [IFANB <1
skeletal patterns 14-17 VAL
Abu Allhaija et al. 2005
8. Two-dimensional lateral 50 F Class | — Control group ~in subjects ad1-PNS and ad2-PNS measurements were ~ LCR
cephalometric evaluation ANB 0-4°, overjet 2-4 mm  significantly smaller in the group with high-angle Class
of varying types of 16.4+2.6  Division according to Il as compared to the group with low-angle Class Il and
Class Il subgroups on SN/Go-Gn normal angle Class Il and the control group.
posterior airway space in low-angle Class II
postadolescent girls: 27
pilot study neutralangle Class II

28-3¢6°
Ozetdl. 2012 high-angle Class Il

=37

ANB >4°, overjet =5mm
9. Dentofacial and upper 131 M mild Class Il No correlation of the shortest irway distance with the ~ LCR
airway characteristics of ~ T15°F 0J <10 mm ANB <7 values of SNB, ANB or overjet was observed.
mild and severe class Il severe Class Il A tendency towards smaller airway dimensions was
division 1 subjects 104+1.6  0J>10 mmANB =7 observed in refrognathic subjects.

airway distance p
Bollhalder et al. 2012 airway distance t
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Table 1. cont.

Sample size, Correlations and the comparison of UA measurements
Title, author, gender, chron-  Division between subjects from Class Il subjects and the rema- Imaging
year of publication ological age  of the study sample ining groups method
10. A study on the 45F 1. Group ANB<1° Difference in oropharyngeal measurements between LCR
pharyngeal size in the 45 M 2. Group ANB group 2 and group 3
different skeletal patterns 1°<ANB<5’ Difference in oropharyngeal measurements between
1315 3. Group ANB>5’ group 1 and group 3
Ceylan et al. 1995 No correlations between nasopharyngeal measurements
and ANB
The oropharyngeal area became smaller with the
increase in ANB.
11. A comparison study ~ 25M Normodivergent facial Normodivergent facial pattern group LCR

of upper airway among 29 F
different skeletal craniofa-

cial patters in nonsnoring  11-16
Chinese children

pattem group
FH-MP 23.5-30.5°
(26.6°)

subgroups:

Class Il ANB < 0.7°
Class | ANB 0.7-4.7°
Class Il ANB >4.7°

Zhong et al. 2010

Normal sagittal facial
pattem group

No significant differences in nasopharyngeal dimensions
between the subgroups related to the skeletal classes
The inferior part of UAs (palatopharyngeal and
hypopharynx) — the smallest dimensions in the
subgroup with skeletal Class Il as compared to UAs in
subgroups with skeletal Class | and Class Ill.

Significant differences in measurements at the level

of the uvula, low oropharynx and the hypopharynx
between Class Il and Class |1l subgroups.

The superior part of UA dimensions decrease with the

ANB 0.7-4.7° increase in FH-MP.

subgroups: No statistically significant differences in measurements
FH-MP <23.5° of the inferior part of UAs in skeletal class subgroups.
FH-MP 23.5-30.5°

FH-MP >30.5°

F: female; M: male; McNamara's upper pharynx dimension: from the point at the posterior contour of the soft palate to the nearest point
on the posterior pharyngeal wall; McNamara’s lower pharynx dimension: from the intersection point of the posterior tongue contour with the
lower contour of the mandible to the nearest point on the posterior pharyngeal wall; PAS-UP: minimal pharyngeal airway space between the
uvula and the posterior pharyngeal wall; PAS-UT: minimal pharyngeal airway space between the uvula tip and the posterior pharyngeal wall;
PAS-TP: minimal pharyngeal airway space between the back of the tongue and the posterior pharyngeal wall; PAS-ML: pharyngeal airway
space on the mandibular ling; SN/Go-Gn: angle formed between SN and Go-Gn; FMA: angle formed between FH and mandibular base plane;
ang-0A:inclinationofthemidplaneof the oropharyngeal airwayinrelationtothe FHplane; FH plane: plane containingthe porion (Po) andtheorbitale (Or);
Pog-N perpendicular- linear distance from pogonion to the nasion perpendicular; DNP: lingar distance between Ptm and UPW;
UPW: upper pharyngeal wall; DOP: linear distance between U and MPW; MPW: middle pharyngeal wall; DHP: linear distance from V to LPW;
LPW: lower pharyngeal wall; VAL: distance between PNS and Eb; ad1-PNS: distance between ad1 and PNS; ad2-PNS: distance from ad? to PNS;
distance p: shortest distance between the soft palate and the posterior pharyngeal wall; distance t: shortest distance between the tongue base
and the posterior pharyngeal wall; V-LPW: distance between V and lower pharyngeal wall; FH-MP — angle between the FH plane and mandibular
base plane.

*(Correlation is statistically significant at the 0.05 level; **Correlation is statistically significant at the 0.01 level; ***Correlation is statistically
significant at the 0.001 level.
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Discussion

Skeletal and/or dental Class II (Table 1)

The relationships between the dimensions of the
upper pharynx, the lower pharynx and facial
morphology according to the McN’s method with
consideration given to the vertical facial patterns

Memon et al.15 demonstrated a relationship of
a narrower upper pharyngeal width in skeletal
Class II with a hyperdivergent growth pattern as
compared to the upper pharyngeal width in skeletal
Class II with normodivergent and hypodivergent
facial growth patterns. No differences were
observed regarding the relationships between the
dimensions of the lower pharyngeal width and
hypodivergent, hyperdivergent or normodivergent
growth patterns in skeletal Class II subjects.!?

De Freitas et al.!® in their study on dental Class
II subjects obtained similar results to Memon et
al.1> These authors observed a correlation between
a vertical growth pattern and upper pharyngeal
width. However, such relationship was not found
between a vertical growth pattern and lower
pharyngeal width.

Both Memon et al.!> and de Freitas et al.l®
characterising vertical facial growth patterns
based their studies on the value of the SN/Go-
Gn angle. However, these authors used different
norms of the value of the SN/Go-Gn angle for their
study samples, hence an accurate comparison of
their results was impossible.

distance t / distance p

Bollharder et al.'” indicated a tendency towards
smaller airway dimensions in subjects with a
retrognathic mandible. However, the statistical
analysis did not confirm a strong (significant)
connection between the measurements of UAs
and dentoskeletal parameters in the study sample.

Nasopharynx

Jena et al.'® demonstrated a lack of differences
in the nasopharyngeal dimensions between
subjects with retrognathic, prognathic and
normal mandibles. Zhong et al.!® showed a lack
of differences in the nasopharyngeal dimensions
between Class I, I1 and I1I subgroups. These authors
confirmed the reports of Ceylan et al.20 indicating

Oméwienie i dyskusija

1I klasa szkieletowa i/lub zebowa (Table 1)
Zwiazki wymiarow gardla gérnego i gardla dolne-
go wedlug metody McNamary z morfologia twarzy
uwzgledniajaca jej pionowe wzorce

Memon i wsp.!5 wykazali zwigzek zmniejszo-
nej szerokosci gardta gornego w 11 klasie szkiele-
towej z hyperdywergentnym wzorcem wzrostu,
porownujac z szeroko$cig gardta gornego w 11
klasie szkieletowej z normo- i hypo- dywergent-
nymi wzorcami wzrostu. Nie wykazano rdéznic
u badanych w zwigzkach pomiedzy wymiarami
szerokos$ci gardta dolnego a wzorcami wzrostu:
hypo-, hyper- i normodywergentnymi u badanych
z Il klasg szkieletowg.!?

De Freitas i wsp.'¢ badajac pacjentow z II kla-
sa ze¢bowa uzyskali podobne wyniki do Memon
i wsp.!5 Autorzy ci stwierdzili, ze pionowy wzo-
rzec wzrostu u badanych korelowat z szerokoscia
gardla gérnego, pozostajac bez zwigzku z wymia-
rami szerokosci gardta dolnego.

Zardbwno Memon i wsp.!> jak i de Freitas
i wsp.!© charakteryzujgc pionowe wzorce wzro-
stu twarzy opierali si¢ na wartosci kata SN/Go-Gn.
Autorzy ci stosowali jednak odmiennie normy dla
proby badawczej wartosci kata SN/Go-Gn, stad
brak byto mozliwo$ci doktadnych poréwnan tych
wynikow.

Odleglosé t /odleglosé p

Bollharder i wsp.!7 wskazali na tendencje do
zmniejszonych wymiarow GDO u pacjentow
z retrognatycznym polozeniem zuchwy. Jednak
statystyczna analiza nie potwierdzila silnego
(istotnego) zwigzku migdzy pomiarami GDO
a wymiarami szkieletowo-zgbowymi w probie
badawcze;.

Nosowa czes$¢ gardia

Jena i wsp.!8 wykazali brak roznic w wymia-
rach nosowej czesci gardta pomiedzy badany-
mi z retrognatycznym, prognatycznym oraz pra-
widtowym potozeniem zuchwy. Zhong i wsp.!?
zaprezentowali brak réznic wymiaré6w nosowej
czesci gardla pomiedzy grupami badanymi I, 11
a lII. Autorzy ci potwierdzili doniesienia Ceylan
i wsp.20 wskazujace na brak korelacji pomigdzy
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a lack of correlation between nasopharyngeal
dimensions and the values of the ANB angle.

Oz etal.2! compared nasopharyngeal dimensions
in the subgroups of the study sample. The sample
was divided with consideration given to the SN/
Go-Gn angle into Class I (control) subgroup,
low-angle Class II subgroup, neutral-angle Class
II subgroup and high-angle Class II subgroup.
The authors observed smaller nasopharyngeal
measurements in Class II high-angle subgroup as
compared with the remaining subgroups.2!

Oropharynx

Zhong et al.!® compared UA dimensions in a
group of subjects with a normodivergent facial
pattern divided into subgroups with Class I, 1I
and III. The authors demonstrated the smallest
palatopharyngeal dimensions in Class II as
compared to the two remaining subgroups.

Muto et al.??2 demonstrated decreased UA
dimensions at the level of the uvula (PAS-UP) in
subjects with a retrognathic mandible as compared
to subjects with a normal and prognathic mandible.
Alves et al.23 also made the measurements of UAs
at the level of the uvula, demonstrating decreased
dimensions of the uvula in group II as compared
to group I.

Jena et al.'® compared groups II and III and
showed differences in UA dimensions at the
level of the uvula between these two groups.
Zhong et al.!® also demonstrated the difference
in dimensions at the level of the uvula between
subgroups II and III.

Muto et al.?2 made the measurements of the
oropharynx at the level of the tongue in a group of
30 women (age range: 17-30 years). Smaller UA
dimensions were found in mandibular retrognathic
subjects as compared to the groups with the normal
mandible and mandibular prognathism. A/ves et
al.23 in their study on patients of both genders (age
range: 8-10 years), did not demonstrate differences
in the measurements at the level of the tongue
when comparing groups I and II.

Oz et al.2! considering the vertical growth
pattern in the study groups, presented smaller
oropharyngeal dimensions in high-angle Class
Il group as compared to the neutral- and low-

wymiarami nosowej czesci gardta a wartosciami
kata ANB.

Oziwsp.2! porownywali wymiary nosowej cze-
$ci gardta w podgrupach proby badawczej. Owi
autorzy podzielili grupe z uwzglednieniem kata
SN/Go-Gn na podgrupe z klasa I (kontrolna),
z klasa II niskokatowa, z klasa II o neutralnym
kacie oraz Il klasg wysokokgtowg. Autorzy zapre-
zentowali mniejsze wymiary nosowej czgsci gar-
dta w podgrupie II klasy wysoko-katowej, w po-
réwnaniu z pozostatymi podgrupami.?!

Ustna cze$é gardla

Zhong i wsp.'? poréwnywali wymiary GDO
w grupie pacjentéw o normodywergentnym wzor-
cu twarzy, podzielonej na podgrupy z I, II i III
klasg. Autorzy Ci wykazali najmniejsze wymia-
ry ustnej czgsci gardla na poziomie podniebienia
w I klasie, w porownaniu z dwoma pozostatymi
podgrupami.

Muto i wsp.2? wykazali zmniejszone wymia-
ry GDO na poziomie jezyczka (PAS-UP) u ba-
danych z retrognatyczng zuchwa, poréwnujac
z badanymi o prawidtlowym i prognatycznym
potozeniu zuchwy. Alves i wsp.23 réwniez doko-
nali pomiarow GDO na poziomie jezyczka, wy-
kazujac zmniejszone jego wymiary w grupie II
w poréwnaniu z grupg 1. Jena i wsp.!8 porownali
grupy badawcze 11 z I11. Pokazali r6znice wymia-
row GDO na poziomie jezyczka w tych grupach.
Zhong i wsp.!? rowniez zaprezentowali roznice
wymiaréw na poziomie jezyczka pomi¢dzy pod-
grupami II a III.

Muto i wsp.?2 dokonali pomiaréw ustnej cze-
$ci gardta na poziomie jezyka w grupie 30 kobiet
w wieku 17-30 lat. Wykazano zmniejszone wy-
miary GDO u badanych retrognatycznych, po-
rownujac z grupa o normalnej pozycji zuchwy
i prognatycznym potozeniu zuchwy. Alves i wsp.23
badajac pacjentow obu ptci w wielu 8-10 lat nie
wykazali réznic pomiardw na poziomie jezyka,
porownujac grupe I 1 I1.

Oz i wsp.2! uwzgledniajgc pionowy wzorzec
wzrostu w badanych grupach, zaprezentowali
zmniejszone wymiary ustnej czg¢sci gardta w 11
klasie wysokokatowej, w porownaniu z neutralng
iniskokatowa grupg badang. Pomiaréw dokonano
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angle groups. The measurements were made in
the narrowest part of the oropharynx. However,
these differences were not statistically significant.

Hypopharynx

Zhong et al.!'? in subjects aged 11-16 years with
a normodivergent facial pattern, demonstrated
reduced hypopharyngeal airway dimensions in
subgroup II as compared to I and III subgroups.

Jena et al.!8 did not find differences in V-LPW
measurements comparing subjects with prognathic,
retrognathic and normal mandibles. The age range
of the study group was 15-25 years.

VAL

Abu Allhaija et al.?* measured vertical airway
length demonstrating its reduced dimensions in
skeletal Class II as compared to skeletal Class I11.

ang-OA

Oh et al.25 measured the inclination of the
oropharyngeal airway to the FH plane. The authors
indicated a greater ang-OA value in Class II as
compared to groups with Class I and Class III.

Skeletal and/or dental Class III (Table 2)

Upper and lower pharyngeal dimensions with
the use of the McN’s method
Dobrowolska-Zarzycka et al.?¢ indicated larger
dimensions of both upper and lower pharynx in the
sample with skeletal Class III as compared to the
dimensions in skeletal Class 1. Takemoto et al.2’
presented wider lower pharyngeal widths in the
group of prognathic girls compared to the group
with normal occlusion. However, no differences
were demonstrated in the upper pharyngeal width.
The age range of the study groups was different
between the above-mentioned authors. Takemoto
etal.2” examined a female group with prognathism
(mean age 7.9+0.9 years) and a female group
with normal occlusion (mean age 8.4+1.5 years),
whereas Dobrowolska-Zarzycka et al. examined
subjects aged 14-36 years (mean age 21.4 years).26

Oropharynx and nasopharynx
Ceylan etal.?? in the study on the measurements

W najwezszej czesci ustnej czesci gardla. Roznice
te nie byly jednak statystycznie znaczace.

Krtaniowa cze$¢ gardla

Zhong i wsp.!” u badanych w wieku 11-16 lat
z normodywergentnym wzorcem twarzy wykaza-
li zmniejszone wymiary krtaniowej czesci gardta
w I podgrupie, poréwnujac z podgrupami I i I11.

Jena i wsp.!8 nie wykazali réznic pomiaréw
V-LPW, poréwnujac badanych z prognatycznym,
retrognatycznym oraz prawidtowym polozeniem
zuchwy. Przedzial wiekowy grupy badanej wy-
nosit 15-25 lat.

VAL

Abu Allhaija i wsp.>* dokonali pomiaru dhugo-
$ci gardta, wykazujac jego zmniejszone wymiary
w Il klasie szkieletowej, w poréwnaniu do II1 kla-
sy szkieletowe;.

ang-OA

Oh i wsp.2> zbadali nachylenie ustnej cze$ci
gardla do ptaszczyzny FH. Autorzy wskazali na
zwigkszong warto$¢ kata ang-OA w Il klasie, po-
rownujac z grupami I i III klasy.

111 klasa szkieletowa i/lub zebowa (Table 2)

Wymiary gardla gornego i gardla dolnego we-
dlug metody McNamary

Przeprowadzone badanie przez Dobrowolska-
Zarzycka i wsp.20 wskazato na zwigkszone wymia-
ry zarowno gardla gornego, jak i dolnego w pro-
bie z III klasa szkieletowa, w poréwnaniu z wy-
miarami gardla z I klasg szkieletowa. Takemoto
i wsp.27 zaprezentowali zwickszony wymiar sze-
rokosci gardta dolnego w grupie dziewczat z pro-
gnatyzmem w poroéwnaniu z badanymi w grupie
o prawidlowej okluzji, natomiast nie wykazano
réznic w szerokosci gardla gornego. Przedziat
wiekowy grup badanych roznit si¢ u wyzej wspo-
mnianych autoréw. Takemoto i wsp.2’ badali grupe
plci zenskiej z prognatyzmem, ktorych wiek wy-
nosit §rednio 7,9 £0,9 lat oraz grupe plci zenskiej
z prawidlowa okluzjg o $redniej wieku 8,4 1,5
lat, Dobrowolska-Zarzycka i wsp.2® z kolei badali
osoby w wieku od 14 do 36 lat. (21,4)
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Table 2. Correlations between UA measurements and mandibular morphometrics. The comparison of UA measurements between a group of
subjects with Class |11 and the remaining subgroups

Sample size,
Title, author, gender, chron-  Division Correlations and the comparison of UA measurements — Imaging
year of publication ological age  of the study sample between Class IIl patients and the remaining groups ~ method
1. Evaluation of upper 17 M Study group Upper and lower pharyngeal widths according to the ~ L(R
airways depth among 33F SNB 83.6 McN's method were larger in skeletal Class Il subjects
patients with skeletal (median 83.65; as compared to subjects with dental Class |.
Closs Tand I 14-36 SD+4.7) Upper*** and lower** pharyngeal dimensions
ANB -3.5 increased with the increase in the SNB angle.
Dobrowolska-Zarzycka (median -2.95; With the increase in negative values of ANB, the depth
etal. 2012 SD+2.3) of the nasopharynx increased. ***
Wits -8.6 With the increase in Wits appraisal the depth of the
(median -8.6; +£3.9) nasopharynx decreased.***
Control group
SNB 80.5
(median 80.45;
SD+3.9)
ANB 2.0
(median 2.0;
SD+1.2)
Wits -0.4
(median -0.2+1.5)
McNamara’s analysis
2. Three-dimensional 24 M Cluss | T<ANB<4 The values of the OA angle were smaller in Class Il (BCT
analysis of pharyngeal 36 F Class I ANB > 4 subjects as compared to the Class | and Il subjects.
airway form in children Cluss Il ANB<1
with anteroposterior facial  10-13
pattems (11.79)
Ohetal. 2011
3. Pharyngeal airwayin -~ 25°F Prognathism was defined ~ Lower pharyngeal widths were larger in a female group  LCR
children with prognathism as at least three incisors ~ with mandibular prognathism as compared to the
and normal occlusion 7.9+09 with negative overjet. female group with normal occlusion.
No differences were observed in upper pharyngeal
Takemoto et al. 2011 McNamara’s analysis widths between female groups with mandibular
prognathism and with normal occlusion.
4. Sagittal mandibular -~ 13 M Group | 76°<SNB<82" DOP was increased in the group with prognathic LCR
development effectson 10 F Group Il SNB<76’ mandibles as compared to the groups with retrognathic
the dimensions of the Grup Ill SNB>82° and normal mandibles.
awake pharyngeal airway 1525 DNP and DHP values were comparable in all three
passage SNA 79-83° groups.
Jenaet al. 2010
http.//www.jstoma.com 761
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Table 1. cont.

Sample size,
Title, author, gender, chron-  Division Correlations and the comparison of UA measurements  Imaging
year of publication ological age  of the study sample between Class Il patients and the remaining groups ~ method
5. Oropharyngeal airway 12 M Class | malocclusion The depth of the nasopharyngeal airway — no (BCT
in children with Class Il 8 F 0J 2-4 mm differences were observed between groups with Class |
malocclusion evaluated malocclusion and Class Il malocclusion.
by conebeam computed 8.4 £ 1 Class I malocclusion
tomography negative 0J, The depth of the oropharyngeal airway increased
(measured in a transverse i Class |1l malocclusion as compared to Class |
Iwasaki et al. 2009 plane through Gonion) ~ malocclusion
6. A cephalometric 38 F normal mandible The largest PAS dimension was observed in the group ~ LCR
evaluation of the 76'<SNB<82’ with mandibular prognathism as compared to the
pharyngeal airway 18-32 retrognathic mandible groups with mandibular retrognathism and normal
space in patients with 21.7) SNB<76° mandibles.
mandibular retrognathia prognathic mandible
and prognathia, and SNB>82'
normal subjects
Muto et al. 2008
7. Uvulo-glosso-pharyngeal 45 M | ANB 1-5° VAL measurement was smaller in the group with Class ~ LCR
dimensions in different ~ 45°F Il ANB>5° Il as compared to the measurement in the group with
anteroposterior skeletal lIl ANB <1° Closs I1I.
pattems 14-17 IAS decreased with the increase in the value of ANB.
Abu Allhaija et al. 2005
8. A study on the 45 M 1. Group ANB<1° Oropharyngeal area measurements were differentiated ~ LCR
pharyngeal size in 45 F 2. Group ANB between Group 1 and Group 3.
different skeletal patterns 1"<ANB<5’ Oropharyngeal area measurement correlated with the
13-15 3. Group ANB>5' values of the ANB angle.

Ceylan et al. 1995 The larger the ANB angle, the smaller the

oropharyngeal area was.

Nasopharyngeal airway area measurements did not

correlate with the values of the ANB angle.
9. Acomparison study 25 M Normodivergent facial No significant differences in nasopharyngeal airway LCR
of upper cirway among 29 F pattern group dimensions among subgroups.
different skeletal FH-MP 23.5°- 30.5° Lower pharyngeal airway dimensions (at the level of
craniofacial patterns (26.6°) the palate and the hypopharynx) were larger in Class
in nonsnoring Chinese 11-16 as compared to Class | and II dimensions.
children subgroups: The most significant differences in measurements were

Zhong et al. 2010

Closs Il ANB < 0.7°
Closs | ANB Q.7 -4.7°
Closs Il ANB >4.7°

observed at the level of TB-TPPW (lower oropharynx)
between subjects in subgroups | and lll.

Differences in UA dimensions were observed between
subjects in Class I and 11l subgroups at the level of the
uvula, lower oropharynx and the hypopharynx.

PAS: pharyngeal airway space; IAS: inferior pharyngeal airway space; TB-TPPW: distance from TB to TPPW; TB: point of intersection of the base
of the tongue and extension of the B-Go line; TPPW: paint of intersection of the posterior pharyngeal wall and extension of the B-Go line.
*(Correlation is statistically significant at the 0.05 level; **Correlation is statistically significant at the 0.01 level; ***Correlation is statistically.

significant at the 0.001 level.
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of oropharyngeal and nasopharyngeal area
confirmed that there was no correlation between
the nasopharyngeal area measurements and the
ANB angle. The oropharyngeal area measurements
became significantly smaller with the increase in
the ANB angle.20

Iwasaki et al.2® compared linear dimensions of
the depth of the oropharynx and the nasopharynx
in subjects with Class I and Class III malocclusion.
On the other hand, Jena et al.!® investigated
oropharyngeal and nasopharyngeal dimensions in
subjects with normal and prognathic mandibles.
Both Iwasaki et al.?® and Jena et al.!® demonstrated
that there were no differences in the dimensions of the
nasopharynx between the study groups. However,
Iwasaki et al.28 presented larger dimensions of the
oropharynx in a group with Class IIl malocclusion as
compared to Class  malocclusion. Jena et al.'® also
demonstrated larger dimensions of the oropharynx,
however in subjects with a prognathic mandible as
compared to subjects with a normal mandible. Muto
et al.?2 confirmed the results of Jena et al.!® with
regard to the dimensions of the oropharynx. The
authors indicated a larger UA dimension at the level
ofthe uvula in a group of subjects with prognathism
as compared to UA dimensions in subjects with
normal mandible.?

In their study sample with a normodivergent
facial pattern, Zhong etal.!® did not find statistically
significant  differences in nasopharyngeal
dimensions in subjects in subgroups I, II and III.
However, oropharyngeal dimensions were the
largest in subgroup III, smaller in subgroup I and
the smallest in subgroup I1.1°

Hypopharynx

Zhong et al.!® demonstrated decreasing
hypopharyngeal dimensions in the study subgroups.
The largest hypopharyngeal dimensions were
in subgroup III, smaller in subgroup I and the
smallest in subgroup II. Statistically significant
differences were observed in subjects between
subgroups II and III.

The results of Jena et al.!® concerning
hypopharyngeal measurements at the level of
the epiglottis were comparable among the three
groups of subjects.

Ustna i nosowa cze$¢ gardla

Badania pomiaréw pola powierzchni ustnej
i nosowej czesci gardta przeprowadzone przez
Ceylan i wsp.20 wskazaly na brak korelacji pomia-
row pola powierzchni nosowej czesci gardta z wy-
miarami kata ANB. Pomiary pola powierzchni
ustnej czesci gardla istotnie zmniejszaty si¢ wraz
ze wzrostem warto$ci kata ANB.20

Iwasaki i wsp.28 porownali wymiary liniowe
glebokosci ustnej i nosowej czegsci gardia u bada-
nych z I i III klasg wad zebowych. Z kolei Jena
i wsp.!8 zbadali wymiary ustnej i nosowej czesci
gardia u pacjentow z normalng pozycja zuchwy
oraz zuchwag prognatyczng. Zarowno Iwasaki
i wsp.28, jak i Jena i wsp.!® wykazali brak roznic
wymiaréw nosowej czesci gardla pomigdzy ba-
danymi grupami. Iwasaki i wsp.28 zaprezentowali
natomiast wigksze wymiary ustnej czesci gardia
w grupie z I1I klasg wad zebowych w poréwnaniu
z I klasg wad zebowych. Jena i wsp.!8 réwniez po-
kazali wigksze wymiary ustnej czesci gardla, ale
u pacjentdw z prognatyczng zuchwa, poréwnujac
z grupa o normalnej pozycji zuchwy. Muto i wsp.22
potwierdzili wyniki Jena i wsp.!8 odnoszace si¢ do
wymiardéw ustnej czesci gardla. Wskazali wigkszy
wymiar GDO na poziomie Uvula w grupie pacjen-
tow z prognatyzmem w poréwnaniu z wymiarami
GDO z prawidlowym potozeniem zuchwy.??

W probie badawczej o wzorcu twarzy normo-
dywergentnym, Zhong i wsp.!? nie wykazali sta-
tystycznie znaczacych réznic wymiarOw noso-
wej czesci gardla pomiedzy badanymi w podgru-
pach I, IT i [II. Wymiary ustnej czesci gardta byty
natomiast najwigksze w III podgrupie, mniejsze
w I i najmniejsze w Il podgrupie.!®

Krtaniowa cze$¢ gardla

Zhong i wsp.!? wykazali zmniejszajace si¢ wy-
miary krtaniowej czg¢sci gardta w badanych pod-
grupach. Najwigksze wymiary wystgpowaty u ba-
danych w III podgrupie, mniejsze w I, a najmniej-
sze w Il podgrupie. Statystycznie znaczace rdznice
byty u badanych miedzy II a III podgrupa.

Wyniki pomiaréw Jena i wsp.!® w krtaniowej
czesci gardta, na poziomie naglo$ni byly porow-
nywalne w I, I1 1 III grupach badawczych.
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Table 3. Correlations between Gonial angle, mandibular length and UA dimensions

Title, author, Division Correlations between Gonial angle, Diagnostic
year of publication Gender Age range of the study sample  mandibular length and UA dimensions method
1. Relationships Group | 7-12 years  Group | —twins with  Increase in Gonial angle with the decrease  LCR
between variations of 16 twin pairs intrapair difference in  in nasopharyngeal airway dimensions. PA
mandibular morphology 10 M UA dimensions Mandibular length measurement was
and variation of 6F <1.5mm statistically non-significant (NS) in relation
nasopharyngeal airway to the nasopharyngeal airway dimensions.
size in monozygotic Group Il Group I — twins with
twins 17 twin pairs intrapair difference in

IM UA dimensions
Dunnet al. 1973 8F >1.5mm
2. Relationship of the 31 M 10-13 years ~ SNB <76.6%" Correlation between OPA and the LCR
functional oropharynx to - 39 F SD3.67 mandibular length**
craniofacial morphology ANB <2.54' Nonsignificant correlation between OPA

S0 3.30 value and Gonial angle.

Trenouth et al. 1999
3. Relationship between 30 M 25-30vyears  SNB80.5+3.5  PAS-UP** and PASTP* measurements  L(R
the pharyngeal airway 30 F ANB 2.9 + 2.1 correlated with Go-Gn.
space and craniofacial No correlations were observed between
morphology, taking info Dental Class | PAS-UP, PAS-TP and Gonial angle.

account head posture

Mufo et al. 2005

Gonial angle: angle formed by Articulare, Gonion, and Menton; OPA: minimal sagittal linear distance between the base of the tongue and the
posterior pharyngeal wall; Gon-Men: mandibular length measured from Gonion to Menton; Go-Gn: distance from Gonion to Gnathion.

*(orrelation is statistically significant at the 0.05 level; **Correlation is statistically significant at the 0.01 level; ***Correlation is statistically

significant at the 0.001 level.

VAL

Abu Allhaija etal 24 in the study of vertical airway
length, indicated larger pharyngeal dimensions
in a group with skeletal Class III as compared
to a group with skeletal Class II. However, no
differences were observed in VAL measurements
between groups with skeletal Class I and III.

ang-OA

Oh et al.?> compared the value of the OA angle
in a group with Class III with the values of the OA
angle in groups with Class I and Class II, reporting
that the values of this angle were the smallest in
subjects with Class II1.

VAL

Badania dlugosci gardta przez Abu Allhaija
i wsp.24 wskazaly na zwigkszone jego wymiary
w grupie z I1I klasg szkieletowa w porownaniu z
grupa z Il klasa szkieletowa. Brak byto natomiast
roéznic w pomiarach VAL mig¢dzy grupami z [ 1 111
klasg szkieletows.

ang-OA

Oh i wsp.?> porownali warto$¢ kata OA w gru-
pie z III klasg z warto$ciami kata OA w grupach
z 1111 klasg. Autorzy podali, ze wartosci tego kata
byly najmniejsze u badanych w III klasie.
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Gonial angle (Table 3)

Dunn et al.?? indicated that with the increase in
the Gonial value the UA dimension is decreased
in the nasopharyngeal area in subjects. Trenouth
et al.3% observed a non-significant correlation
between Gonial angle and OPA measurements in
their subjects.

Muto et al3! confirmed the result of non-
significant correlation between Gonial angle and
OPA measurements. The researchers measured
the dimensions from the back of the tongue to
the posterior pharyngeal wall. OPA values in
correlation with Gonial angle measurements were
insignificant in age ranges of 10-13 years and 25-
30 years.

Mandibular length (Table 3)

Dunn et al.2% did not demonstrate a correlation
between Gon-Men value and UA dimensions
of the nasopharynx. Trenouth et al.3® showed
correlations between Gon-Men results and OPA
measurements.

Muto et al.3! also investigated correlations
between the measurements of Go-Gn and UA
dimensions and demonstrated correlations between
mandibular length measurements with both PAS-
TP and PAS-UP values.

Summary

The review of the literature confirms the
relationship between mandibular morphology
and position and particular UA dimensions in
the studied samples. The information on the
identified UA dimensions and their correlations
with cephalometric measurements of the mandible
may be used in diagnostic procedures prior to
both orthodontic treatment and orthognathic
surgery. Based on the available knowledge, it
would be possible to adjust a treatment method
influencing not only the improvement in relation
between the mandible and the adjacent structures,
especially superior and inferior dental arches, but
also considering UA dimensions in respective
skeletal classes. Further research to confirm the
already obtained results in larger study samples
seems significant with consideration given to both
genders, wider chronological and skeletal age

Kqt Gonial (Tabela 3)

Dunn i wsp.?? wskazali, ze u badanych przy
wzro$cie wartosci kata Gonial zmniejsza si¢ wy-
miar GDO w nosowej czesci gardta.

Trenouth i wsp.’? zaprezentowali u badanych
nieistotng korelacje kata Gonial do pomiaréw war-
tosci OPA.

Muto i wsp.3! potwierdzili wynik nieistot-
nej korelacji kata Gonial do pomiarow wartosci
OPA. Badacze wykonali pomiary od tylnej granicy
jezyka do tylnej S$ciany gardta. Wartosci OPA
w korelacji do pomiaréw kata Gonial byly nie-
istotne w przedziatach wiekowych: 10-13 lat oraz
25-30 lat.

Dtugosé Zuchwy (Tabela 3)

Dunn i wsp.?? nie wykazali korelacji warto$ci
Gon-Men do pomiarow GDO w nosowej czgsci
gardta. Trenouth i wsp.3? pokazali korelacje wyni-
kéw Gon-Men do pomiaréw wartosci OPA.

Muto i wsp.3! zbadali réwniez korelacje po-
miarow Go-Gn z warto$ciami pomiarow GDO.
Autorzy ci zaprezentowali korelacje pomiarow
dtugosci zuchwy z wartosciami zarowno PAS-TP,
jak 1z PAS-UP.

Podsumowanie

Przeglad pismiennictwa potwierdza w bada-
nych probach zwigzek pomig¢dzy potozeniem
i morfologia zuchwy a okreslonymi wymiarami
GDO. Dane dotyczace wyznaczanych wymiarow
GDO i ich korelacji z pomiarami cefalometrycz-
nymi zuchwy moga by¢ wykorzystywane w dia-
gnostyce zarowno przed leczeniem ortodontycz-
nym, jak i przed zabiegami z zakresu chirurgii
ortognatycznej. Na podstawie dostepnej wiedzy
mozliwa bylaby proba dostosowania metody le-
czenia wptywajacej nie tylko na poprawe rela-
cji zuchwy do struktur sgsiednich, szczegdlnie
goérnego i dolnego tuku zebowego, ale rowniez
uwzgledniajacej wymiary GDO w poszczegdl-
nych klasach szkieletowych. Istotnymi wydaja
si¢ dalsze badania w kierunku potwierdzenia juz
istniejgcych wynikow na wigkszych probach ba-
dawczych, uwzgledniajacych obie ptci, wigksze
zakresy przedziatdéw wieku chronologicznego,
jak i szkieletowego. Usystematyzowanie tej wie-
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ranges. Systematising this knowledge may also
be useful in the planning of methodology related
to additional research in this field.

dzy moze takze pomodc w planowaniu metodo-
logii dodatkowych badan naukowych w tej te-
matyce.
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