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Sagittal mandibular development effects on the dimensions of the awake

pharyngeal airway passage

Ashok Kumar Jenaa; Satinder Pal Singhb; Ashok Kumar Utrejac

ABSTRACT
Objective: To test the hypothesis that sagittal mandibular development has no effects on the
dimensions of the awake pharyngeal airway passage.
Materials and Methods: Ninety-one subjects (age 15–25 years) with a normal vertical growth
pattern of the mandible, normally positioned maxilla, and various sagittal mandibular developments
were divided into three groups based on the sagittal mandibular development. Group I included 37
subjects who had a normally positioned mandible (76u # angle between ‘S,’ ‘N,’ and ‘B’; it
represents the antero-posterior position of the maxilla in relation to the anterior cranial base [SNB]
# 82u), Group II included 31 subjects in whom the mandible was retrognathic (SNB , 76u), and
Group III included 23 subjects in whom the mandible was prognathic (SNB . 82u) in relation to the
anterior cranial base. Lateral cephalograms were traced manually to evaluate the pharyngeal
airway passage.
Results: The length of the soft palate was significantly smaller in mandibular prognathism subjects
than in subjects with mandibular retrognathism (P , .01). The thickness of the soft palate was
significantly greater among subjects with mandibular prognathism than in subjects with normal (P
, .01) and retrognathic (P , .001) mandibular development. The sagittal mandibular development
had no effect on the dimensions of the nasopharyngeal and hypopharyngeal airway passage. The
depth of the oropharynx was comparable among the subjects with normal and retrognathic
mandibles but was greater (P , .001) among subjects with mandibular prognathism.
Conclusions: The hypothesis is rejected. Sagittal mandibular development had significant effects
on the dimensions of the awake pharyngeal airway passage. (Angle Orthod. 2010;80:1061–1067.)
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INTRODUCTION

Narrowing of the pharyngeal airway passage (PAP)
is a common feature in patients with breathing
problems.1 There are significant relationships between

the pharyngeal dimensions and craniofacial abnormal-
ities.1 Craniofacial abnormalities such as maxillary
retrusion, mandibular retrognathism, short mandibular
body, and downward and backward rotation of the
mandible in hyperdivergent patients may lead to
narrowing of the PAP.2–4 Literature5 supports the notion
that mandibular deficiency is frequently associated
with a narrower PAP. It is believed6 that a retrognathic
mandible and decreased space between the cranial
column and the mandibular corpus might lead to a
posterior postured tongue and soft palate, increasing
the chances of impaired respiratory function and
possibly causing nocturnal breathing problems.

There are plenty of studies in the literature assess-
ing the PAP in subjects with craniofacial syndromes7

and obstructive sleep apnea,8 in subjects following
orthognathic surgery,9,10 and in subjects with various
jaw dysplasias.1,5,11,12 However, very few studies1,5,11,12

in the literature mention the PAP among subjects in
various stages of sagittal mandibular development. In
all of the previous studies, the vertical growth pattern
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of the mandible was not considered while evaluating the
PAP among the subjects in various stages of sagittal
mandibular development. Since the vertical growth
pattern of the mandible has a significant effect on the
PAP,2,4 it is necessary to include all of the subjects with
similar vertical growth patterns of the mandible in order
to eliminate any effect on PAP caused by changes in the
vertical plane while evaluating the pharyngeal airway
dimensions among subjects with various sagittal man-
dibular development. Thus, to overcome the lacuna
present in the previous studies, the present study was
designed to evaluate the PAP dimensions among
subjects with normal, retrognathic, and prognathic
mandibles who demonstrates a similar vertical growth
pattern of the mandible.

MATERIALS AND METHODS

Pretreatment lateral cephalograms of 91 North
Indian subjects aged 15–25 years with a normal
vertical growth pattern of the mandible were selected
for the study. Each subject met the following selection
criteria:

N They were 15–25 years of age;

N They had a Frankfort mandibular plane angle (FMA)
in the range of 20u to 25u; and

N They had a normal position of the maxilla (angle
between ‘S,’ ‘N,’ and ‘A’; it represents the antero-
posterior position of the maxilla in relation to the
anterior cranial base [SNA], 79u–83u) with various
stages of sagittal mandibular development in relation
to the anterior cranial base.

Subjects with a history of previous orthodontic
treatment, functional jaw orthopedic treatment, any
surgery involving the jaws, or surgery for adenoids;
breathing disorders (such as snoring and obstructive
sleep apnea); cleft lip and palate; and any systemic
disease affecting normal growth were excluded from
the study.

Based on the degree of sagittal mandibular devel-
opment in relation to the anterior cranial base, all the

subjects were divided into three groups. Group I
included 37 (male 5 17, female 5 20) subjects who
had a normally positioned maxilla and mandible (76u #

angle between ‘S,’ ‘N,’ and ‘B’; it represents the antero-
posterior position of the maxilla in relation to the
anterior cranial base [SNB] # 82u) in relation to the
anterior cranial base. Group II included 31 (male 5 14,
female 5 17) subjects in whom the mandible was
normally placed but in whom the mandible was
retrognathic (SNB , 76u) in relation to the anterior
cranial base. Group III included 23 (male 5 13, female
5 10) subjects in whom the maxilla was normally
positioned but in whom the mandible was prognathic
(SNB . 82u) in relation to the anterior cranial base. In
addition, each group was also divided into subgroups
according to sex. The characteristics of the subjects in
each group are described in Table 1.

While recording the lateral cephalograms, patients
were placed in the standing position with the FH plane
parallel to the floor and the teeth in centric occlusion.
The head of the patient was erect. The cephalogram
was exposed at the end-expiration phase of the
respiration. Subjects were instructed not to move their
heads and tongues and not to swallow while during
cephalogram exposure. All of the cephalograms were
recorded with the same exposure parameters and in
the same machine.

All lateral cephalograms were traced manually, and
various landmarks were identified (Figure 1). Various
reference planes, linear and angular parameters used
for the evaluation of maxillary and mandibular position
in relation to the anterior cranial base, vertical growth
pattern of the mandible, and PAP dimensions are
shown in Figure 2.

Statistical Method

A master file was created, and the data were
statistically analyzed on a computer with SPSS
software (version 13). A data file was created under
dBase and converted into a microstat file. The data
were subjected to descriptive analysis for mean,

Table 1. Characteristics of Subjects in the Various Groups

Variablesa

Group I Group II Group III

Male Female Total Male Female Total Male Female Total

Subjects, No. 17 20 37 14 17 31 13 10 23

Age, y 16.41 6 2.80 18.05 6 3.28 17.27 6 3.07 17.43 6 2.44 17.88 6 2.97 17.68 6 2.71 21.15 6 3.71 18.50 6 3.10 19.83 6 3.27

FMA, u 23.18 6 2.09 23.40 6 1.53 23.30 6 1.79 23.57 6 1.95 24.00 6 1.45 23.81 6 1.68 23.54 6 2.14 23.70 6 1.49 23.61 6 1.85

SNA, u 81.59 6 1.66 80.60 6 1.42 81.00 6 1.50 80.21 6 1.57 79.53 6 0.87 79.84 6 1.26 80.69 6 1.70 80.70 6 1.05 80.70 6 1.42

SNB, u 79.06 6 1.63 78.10 6 1.65 78.54 6 1.69 73.07 6 1.07 72.24 6 2.94 72.61 6 2.30 86.69 6 3.22 85.10 6 2.76 86.00 6 3.07

a FMA indicates Frankfort mandibular plane angle; SNA, angle between ‘S,’ ‘N,’ and ‘A’; it represents the antero-posterior position of the

maxilla in relation to the anterior cranial base; and SNB, angle between ‘S,’ ‘N,’ and ‘B’; it represents the antero-posterior position of the maxilla in

relation to the anterior cranial base.
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standard deviation, range, and 95% confidence inter-
val. One-way analysis of variance and post-hoc test
(Bonferroni) for multiple comparisons were used. The
differences between males and females were tested
using the Student’s t-test. The Pearson correlation
coefficient test was used to detect any relationship
between SNB angle and other variables. A probability
(P value) of .05 was considered statistically significant.

RESULTS

The results are shown in Tables 2–4. The soft palate
length (SPL; posterior nasal spine [PNS]–tip of the soft
palate [U]) was greatest among Group II subjects and
was smallest among Group III subjects; the difference
was statistically significant (P , .01). The difference in
the soft palate thickness (SPT) was statistically
significant between the subjects in Group I and Group
III (P , .01) and between the subjects in Group II and

Group III (P , .001). The SPT was significantly greater
in males than in females in Group I (P , .05), Group II
(P , .01), and Group III (P , .01). The soft palate
inclination (SPI) was significantly different between
subjects in Groups I and II (P , .05), Groups I and III
(P , .001), and Groups II and III (P , .001). The SPI
was comparable among males and females in Group I
subjects. In Group II subjects, the SPI was significantly
greater (P , .05) in males than females. However, in
Group III subjects, the SPI was significantly greater (P
, .01) among females than males. The depth of

Figure 1. Various cephalometric landmarks used in the study: S

indicates sella; N, nasion; Po, porion; Or, orbitale; Go, gonion; A,

Point A; B, Point B; Me, menton; Ptm, pterygomaxillary fissure; Ba,

basion; UPW, upper pharyngeal wall, the intersection of line Ptm–Ba

and posterior pharyngeal wall; MPW, middle pharyngeal wall, the

intersection of perpendicular line on Ptm perpendicular from ‘U’ with

posterior pharyngeal wall; V, vallecula; and LPW, lower pharyngeal

wall, the intersection of perpendicular line on Ptm perpendicular from

‘V’ with posterior pharyngeal wall.

Figure 2. Various cephalometric reference planes and linear and

angular parameters used in the study. Reference planes: SN plane

indicates the line joining ‘S’ and ‘N’; FH plane, line joining ‘Po’ and

‘Or’; Ptm perpendicular (Ptm per), perpendicular plane on FH plane

at ‘Ptm’; and Ba-N plane, line joining ‘Ba’ and ‘N.’ Linear parameters:

1. SPL (U–PNS) indicates linear distance between U and PNS; 2.

SPT, the maximum thickness of the soft palate; 3. DNP (Ptm–UPW),

linear distance between ‘Ptm’ and ‘UPW’; 4. HNP, the shortest linear

distance from PNS to Ba-N plane; 5. DOP (U–MPW), linear distance

between ‘U’ and ‘MPW’; and 6. DHP (V–LPW), linear distance from

‘V’ to ‘LPW.’ Angular parameters: 7. SPI (Ptm per 3 PNS-U), the

angle between Ptm perpendicular and soft palate (PNS-U); 8. SNA,

angle between ‘S,’ ‘N,’ and ‘A’; it represents the antero-posterior

position of the maxilla in relation to the anterior cranial base; 9. SNB,

angle between ‘S,’ ‘N,’ and ‘B’; it represents the antero-posterior

position of the maxilla in relation to the anterior cranial base; and 10.

FMA, angle between FH plane and mandibular plane (Go-Me).
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nasopharynx (DNP) and height of nasopharynx (HNP)
were comparable among the subjects in all three
groups. The DNP was comparable among males and
females in all the groups. However, the HNP in male
subjects was significantly greater (P , .01) than that of
the female subjects in Group I. The depth of
oropharynx (DOP) was comparable between the
subjects of Groups I and II but was significantly
different between the subjects of Groups I and III (P
, .001) and Groups II and III (P , .001). The depth of
hypopharynx (DHP) was comparable among the three
groups of subjects.

The correlations between various parameters in the
whole sample are described in Table 4. The SNB
angle was significantly and negatively correlated with
SPL (P , .01) and SPI (P , .001) but was significantly
and positively correlated with SPT (P , .001) and DOP
(P , .001). There was a negative correlation between
SPL and DOP (P , .05). The SPT was positively
correlated with DOP (P , .01). The SPI was negatively
correlated with DOP (P , .01).

DISCUSSION

The pharynx is a tube-shaped structure that plays an
important role in respiration and deglutition. The

dimensions of the pharynx continue to grow rapidly
until 13 years of age13 and then slow until adulthood.14

The depth of the upper pharyngeal airway increases
with age, whereas the depth of the lower pharyngeal
airway is established in early life.15 King16 reported no
significant change in the DNP after 12 years of age. In
the present study the age range of the subjects was
15–25 years to ensure that the pharyngeal structures
had reached adult size.

In addition, the posture of the head has been
suggested11 to influence the dimensions of the PAP.
Thus, in order to eliminate the effects of head posture
on the dimension of the PAP, patients were kept in a
standing position with the head erect and with the FH
plane parallel to the floor during cephalogram expo-
sure.

We found an inverse correlation between the length
of the soft palate and sagittal mandibular develop-
ments. The increased length of the soft palate among
subjects with mandibular retrognathism could be the
result of the backward position of the tongue, which
compressed the soft palate and resulted in decreased
thickness and increased length of the soft palate. Muto
et al.5 also reported a similar observation. It was
observed that a long soft palate was associated with
smaller oropharyngeal depth17 and was more common

Table 2. Values of Various Cephalometric Parameters among Subjects of the Three Groupsa

Variables

Group I (n 5 37) Group II (n 5 31) Group III (n 5 23)

Significance

Comparison

Mean 6 SD 95% CI Mean 6 SD 95% CI Mean 6 SD 95% CI I vs II I vs III II vs III

SPL, mm 33.51 6 3.77 32.25–34.77 34.87 6 3.14 33.71–36.02 31.68 6 3.77 30.04–33.31 .007 NS NS **

SPT, mm 8.56 6 1.35 8.11–9.01 8.09 6 1.49 7.55–8.64 9.75 6 1.35 9.17–10.34 .000 NS ** ***

SPI, u 42.05 6 3.91 40.75–43.36 45.45 6 4.04 43.97–46.93 34.39 6 8.11 30.88–37.90 .000 * *** ***

DNP, mm 17.68 6 5.67 15.79–19.58 18.01 6 5.39 16.04–19.99 19.96 6 5.45 17.59–22.32 .279 NS NS NS

HNP, mm 23.08 6 2.86 22.13–24.04 24.17 6 3.06 23.04–25.29 23.96 6 3.60 22.41–25.52 .322 NS NS NS

DOP, mm 9.88 6 2.68 8.99–10.78 9.80 6 2.69 8.81–10.78 13.39 6 3.89 11.70–15.07 .000 NS *** ***

DHP, mm 15.63 6 2.46 14.81–16.46 16.01 6 3.03 14.90–17.12 17.02 6 3.83 15.36–18.67 .233 NS NS NS

a SD indicates standard deviation; CI, confidence interval; SPL, soft palate length; NS, nonsignificant; SPT, soft palate thickness; SPI, soft

palate inclination; DNP, depth of nasopharynx; HNP, height of nasopharynx; DOP, depth of oropharynx; and DHP, depth of hypopharynx.

* P , .05; ** P , .01; *** P , .001.

Table 3. Values of Various Cephalometric Parameters for Male and Female Subjects of the Three Groupsa

Variables

Group I Group II Group III

Male (n 5 17),

Mean 6 SD

Female

(n 5 20),

Mean 6 SD

Sex

Difference,

P-value

Male

(n 5 14),

Mean 6 SD

Female

(n 5 17),

Mean 6 SD

Sex

Difference,

P-value

Male

(n 5 13),

Mean 6 SD

Female

(n 5 10),

Mean 6 SD

Sex

Difference,

P-value

SPL, mm 34.02 6 4.26 33.07 6 3.35 .454 34.39 6 3.72 35.26 6 2.63 .455 32.62 6 3.19 30.45 6 4.26 .177

SPT, mm 9.13 6 1.35 8.07 6 1.16 .016* 8.88 6 1.21 7.45 6 1.41 .006** 10.38 6 1.24 8.94 6 1.04 .008**

SPI, u 41.88 6 3.87 42.20 6 4.04 .810 47.07 6 3.68 44.12 6 3.91 .041* 30.69 6 4.95 39.20 6 9.09 .009**

DNP, mm 16.57 6 6.04 18.63 6 5.31 .278 17.81 6 6.00 18.19 6 5.01 .850 21.22 6 5.29 18.31 6 5.48 .211

HNP, mm 24.49 6 2.68 21.89 6 2.48 .004** 24.84 6 2.48 23.62 6 3.44 .279 23.44 6 4.22 24.65 6 2.64 .437

DOP, mm 10.29 6 2.50 9.54 6 2.84 .402 10.42 6 3.29 9.28 6 2.03 .248 14.09 6 4.16 12.47 6 3.49 .333

DHP, mm 15.54 6 2.90 15.71 6 2.09 .841 16.83 6 3.87 15.34 6 2.00 .176 17.84 6 3.52 15.94 6 4.13 .249

a SD indicates standard deviation; SPL, soft palate length; SPT, soft palate thickness; SPI, soft palate inclination; DNP, depth of nasopharynx;

HNP, height of nasopharynx; DOP, depth of oropharynx; and DHP, depth of hypopharynx.

* P , .05; ** P ,.01; *** P , .001.
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among subjects who snored and had obstructive sleep
apnea than among the normal subjects.18 In our study,
the length of the soft palate was comparable among
males and females. However, Allhaija and Al-Kha-
teeb11 reported a longer soft palate in females than in
males among subjects with mandibular retrognathism.

The soft palate was significantly thicker among
subjects with a prognathic mandible. In subjects with
mandibular prognathism the tongue was positioned
forwardly away from the soft palate without touching it,
whereas in subjects with mandibular retrognathism the
tongue was positioned backwardly against the soft
palate, which compressed the soft palate and de-
creased its thickness. Muto et al.5 also reported a
similar observation. However, Allhaija and Al-Kha-
teeb11 found a thinner soft palate among Class I
subjects compared with Class II and Class III subjects.
In our study, SNB angle was considered for the
segregation of subjects into three groups, whereas
Allhaija and Al-Khateeb11 considered ANB angle for
the segregation of subjects, and this could be the
reason for difference in our results.

The inclination of the soft palate was more horizontal
among subjects with mandibular retrognathism, and it
was more vertical in subjects with mandibular progna-
thism. The more backward position of the tongue
among mandibular retrognathism subjects pushed the
soft palate backward and increased its inclination. In
mandibular prognathism subjects, the position of the
tongue was more forward, away from the soft palate,
which allowed the soft palate to hang freely and thus
reduced the inclination. Muto et al.5 also observed
maximum inclination of the soft palate among subjects
with mandibular retrognathism, followed by those with
a normal mandible and those with mandibular progna-
thism.

In our study, the dimensions of the soft palate were
different among males and females. Although the
length of the soft palate was comparable among males
and females in each group, the thickness and

inclination were significantly different. Martina et al.19

also reported different nasopharyngeal soft tissue
patterns in men and women with ideal occlusions.
However, Allhaija and Al-Khateeb11 did not find any
sex differences in the dimensions of the soft palate.
Allhaija and Al-Khateeb11 found a thicker soft palate in
Class III females, but we found the thickest soft palate
in Class III males and the thinnest palate in Class II
females.

Although the dimensions of the nasopharynx were
slightly larger among the subjects with mandibular
retrognathism, these dimensions were comparable
among the three groups of subjects. Thus, sagittal
mandibular development had no effect on the dimen-
sions of the nasopharynx. This could be the case
because the dimensions of the bony nasopharynx are
a relative independent variable in relation to other
dimensions of the facial complex.20 Many previous
studies1,21 also reported no differences in the naso-
pharyngeal dimension among subjects with different
morphologic configurations of the dentofacial struc-
tures and maxillomandibular relations. However, in
contrast to our findings, Kerr22 found greater nasopha-
ryngeal airway dimensions in Class II malocclusion
subjects than in normal occlusion subjects.

The DOP in the present study was almost equal
among subjects with normal and retrognathic mandi-
bles. However, the DOP among subjects with a
prognathic mandible was significantly greater than that
for subjects with normal and retrognathic mandibles.
The sagittal position of mandible had a positive
correlation with the DOP. In contrast to our result,
Muto et al.5 found significantly smaller oropharyngeal
depths among subjects with retrognathic mandibles
when compared with those subjects with normal and
prognathic mandibles. In the previous study,5 the
mandibular growth pattern among subjects with
mandibular retrognathism was hyperdivergent, where-
as among subjects with mandibular prognathism it was
hypodivergent, and this could be the reason for the

Table 4. Correlation among All Variables in the Whole Sample (n 5 91)a

SNB SPL SPT SPI DNP HNP DOP DHP

SNB 1 2.288** .430*** 2.639*** .142 .011 .410*** .090

SPL 2.288** 1 .126 .042 .103 .344** 2.235* .054

SPT .430*** .126 1 2.303** .124 .383*** .283** .068

SPI 2.639*** .042 2.303** 1 2.082 .152 2.289** 2.104

DNP .142 .103 .124 2.082 1 .168 .391*** .424***

HNP .011 .344** .383*** .152 .168 1 .082 .076

DOP .410*** 2.235* .283** 2.289** .391*** .082 1 .504***

DHP .090 .054 .068 2.104 .424*** .076 .504*** 1

a SNB indicates angle between ‘S,’ ‘N,’ and ‘B’; it represents the antero-posterior position of the maxilla in relation to the anterior cranial base;

SPL, soft palate length; SPT, soft palate thickness; SPI, soft palate inclination; DNP, depth of nasopharynx; HNP, height of nasopharynx; DOP,

depth of oropharynx; and DHP, depth of hypopharynx.

* Correlation is significant at the .05 level (two-tailed); ** Correlation is significant at the .01 level (two-tailed); *** Correlation is significant at

the .001 level (two-tailed).
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smaller oropharyngeal depths among subjects with
retrognathic mandibles then among those subjects
with normal and prognathic mandibles. When the
mandible was both retruded and rotated in downward
and backward directions, it caused the tongue base to
be positioned more posteriorly and inferiorly and, thus,
further reduced the oropharyngeal depth.2,4

It is known that in subjects with mandibular
retrognathism, the tongue position is more backward,
with contact to the soft palate resulting in the posterior
displacement of the soft palate and narrowing of the
oropharyngeal airway.5 However, in our study, the
DOP was almost identical among subjects with normal
and retrognathic mandibles. The relatively decreased
thickness in the soft tissue posterior pharyngeal wall
(as a compensatory mechanism) could be the reason
for adequate oropharyngeal depth among subjects
with mandibular retrognathism. As the mandible was
very large and anteriorly positioned in subjects with
mandibular prognathism, the tongue was positioned
more anteriorly away from the soft palate and resulted
in greater oropharyngeal airway depth. Our result
agrees with those of many previous studies1,5,17 that
also reported a significant correlation between maxillo-
mandibular relations and oropharyngeal depth. How-
ever, many previous studies also reported no relation
between pharyngeal structures and maxillo-mandibu-
lar relationship,1,21,23 and the antero-posterior dimen-
sion of the upper airway was usually maintained by the
adaptation of both tongue and hyoid bone.24 We found
comparable oropharyngeal depths among males and
females. This finding was in agreement with those of
many previous studies.11,25 However, a few stud-
ies1,26 also reported a significant sex difference in
terms of oropharyngeal depth. The depth of the
hypopharynx was comparable among the three
groups of subjects, showing that the lower pharyn-
geal airway space was independent of sagittal
mandibular development.

It is believed that snoring and obstructive sleep
apnea are common among subjects with retrognathic
mandible,7,27 although there are many reports in the
literature that mention that a short and backwardly
placed mandible is a common feature among subjects
who exhibit snoring and obstructive sleep apnea. But
in the present study, none of the subjects with a
retruded mandible had a history of breathing problems.
Thus, mandibular retrognathism in all subjects cannot
be considered an etiology of snoring and obstructive
sleep apnea. When the mandible is severely retruded,
as in the case of subjects with Pierre Robin syndrome,
mandibular dysostosis, etc., it holds the tongue back
(glossoptosis) and thus restricts the PAP, resulting in
snoring and obstructive sleep apnea.7,27,28 However,
Opdebeeck et al.4 found that mandibular hypoplasia

with or without glossoptosis may compromise the
airway. Although the role of fat deposition in the
pharyngeal wall and the resulting narrowing of the
pharyngeal airway space are not clear in the literature,
they might have an important role in airway obstruc-
tion.29

CONCLUSIONS

N Sagittal mandibular development had significant
effects on the dimensions of the awake pharyngeal
airway passage.

N The length of the soft palate was smaller among
subjects with mandibular prognathism than among
subjects with normal and retrognathic mandibles.

N The thickness of the soft palate was greater among
mandibular prognathic subjects than among subjects
with normal and retrognathic mandibles.

N Sagittal mandibular development had a significant
influence on the inclination of the soft palate.

N The dimensions of the nasopharynx and hypophar-
ynx were independent of sagittal mandibular devel-
opment.

N The depth of the oropharynx was greater among
subjects with mandibular prognathism than among
subjects with normal and retrognathic mandibles.
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