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ABSTRACT

Aims: This paper aims to estimate and compare the pharynx and soft palatal dimensions of Iragi ado-
lescent and adults with class | normal occlusion at Mosul City and to identify any gender dimorphism
within each group. Materials and Methods: Lateral cephalometric radiographs of 160 normal Iraqis
what were separated into two groups (80 adolescents and 80 adults). Each group was additionallydi-
vided into two subgroups according to gender (40 of each gender). Twelve linear measurements were
made in all subjects; gender dimorphism and comparison between two age groups were analysed by
students t test.Results:No gender differences in all variables except in retropalatal airway space (U-
MPW) in the adolescents group. While, in the adults the only significant gender differences were
found in the thickness of posterior nasopharyngeal wall (ad1-Ba)and in the vertical airway space (Pm-
Eb).The adults had significantly larger values for superior nasopharyngeal(pm-ad2) and inferior naso-
pharyngeal depth (pm-adl) than adolescents .While ,adolescents had larger value for superior nasopha-
ryngeal thickness (ad2-s) and posterior nasopharyngeal thickness(ad1-Ba) than adults in both genders
.The adult male had a higher value for (Pm-Eb) than adolescent male .While ,adolescent female had a
higher value for soft palate thickness (SPT) than adult female. Conclusions: Data derived from this
study should be a useful reference for assessment of sleep apnea and other conditions in the Iragi popu-
lation.Developmental changes were found in all nasopharyngeal parameters except the Pm-ba(sagittal
depth of the bony nasopharynx).
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INTRODUCTION
The pharynx is a tube-shaped structure
that extends superoinferiorly from the

chea. The pharynx can be anatomically
separated into three parts: the nasopha-
rynx, oropharynx, and hypopharynx. In a

cranial base to the level of the inferior sur-
face of the sixth cervical vertebra.?) It lies
dorsal to the nasal and mouth cavity and is
cranial to the esophagus, larynx, and tra-

midsagittal image, the nasopharynx ex-
tends from the nasal turbinates to the hard
palate; the oropharynx can be subdivided
into the retropalatal pharynx, from the
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hard palate to the caudal margin of the soft
palate, and the retroglossal pharynx, which
extends from the caudal margin of the soft
palate to the base of the epiglottis; and the
hypopharynx is from the base of the epi-
glottis to the larynx.® The pharynx plays
an important role in respiration and deglu-
tition.

Significant relationships between the
pharyngeal structures and both dentofacial
and craniofacial structures have been re-
ported.® *

Interpretation of the significance of
variations in growth and function depends
on an understanding of normal develop-
mental changes. We can benefit from such
information in planning treatment and fur-
ther  investigations into  breathing-
disordered diseases.® Cephalometric radi-
ographs have been used for many years to
evaluate  facial growth and develop-
ment®” and for assessment of the airway
in the craniofacial syndromes,® in patient
with obstructive sleep apnea ®? and fol-
lowing orthognathic surgery.™*® Several
studies have assessed the anatomic con-
formation of the upper airway with more
sophisticated and  expensive tech-
niques™*® but Cephalometry is ,however,
less expensive, more useful, easily
achieved with reduced radiation.’® Ce-
phalometric measurements of the airway
vary according to ethnic group and
sex."® However there are no data avail-
able on the cephalometric comparison of
pharynx and soft palate between Iragi
adolescents and adults at Mosul City.
Therefore the aims of this study were three
folds; 1. To assess the cephalometric va-
riables of nasopharynx,oropharynx and
larynopharynx including soft palate in the
adolescents and adults Iragi population in
mosul city. 2. To identify any gender di-
morphism in these variables.3) to investi-
gate any differences in the pharynx and
soft palate measurements between adoles-
cents and adults in each gender.

MATERIALS AND METHODS

The sample of this study consisted of
160 subjects distributed into two Groups;
80 adults (40 of each gender) aged 20-30
years old selected from students at Mosul
University and 80 adolescents (40 of each
gender) aged 12-16 years old. The inclu-
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sion criteria for the subjects were as fol-
lows: All permanents teeth in both jaws
present except third molars; no significant
medical history; no history of trauma, no
previous orthodontic, prosthodontic treat-
ment and no maxillofacial or plastic sur-
gery’ Normal visual harmony of facial and
skeletal profile. Bilateral class | molar and
canine relationship with harmonious over-
jet and over bite (2-4). No crowding or
spacing and no transverse discrepan-
cies.!®

A lateral cephalometric radiograph
was taken for each subject under Rigidly
Standardized condition. The subjects were
asked not to swallow, not to move their
heads and tongues, and to contact their
teeth lightly with the lips In light contact
while the radiographs were being ex-
posed.with,using S.S White cephalometric
machine with a Whehmer Cephalostate
(mode-W-105A) .

Lateral skull radiographs were traced
on acetate paper and 15 hard and soft tis-
sue cephalometric points were registered
yielding 12 linear measurements. The
measurements were performed manually
by the same person using a ruler to the
nearest 0.5 mm.

The following points used in this study
according toCharoenworaluck ®9:

1. S (sella): The geometric center of
the sella tursica. 2. N (nasion): The most
anterior point on the frontonasal suture. 3.
Ba (basion): The most anterior inferior
point on the margin of the foramen mag-
num. 4. ANS (anterior nasal spine): The
tip of the bony anterior nasal spine at the
inferior margin of the piriform aperture. 5.
PM (pterygomaxillary or posterior nasal
spine PNS): The most posterior point on
the bony hard palate in the mid sagittal
plane. 6. So: Mid-point of distance sella-
basion. 7. B-point (supra mental): The
deepest (most posterior) midline point on
the bony curvature of the anterior mandi-
ble between the infradentale and ponion.
8. Go (Gonion): The most posterior infe-
rior point on the outline of the angle of the
mandible. 9. Adl: Intersection of the line
Pm-Ba and the posterior nasopharyngeal
wall.10. ad2: Intersection of the line Pm-
So and the posterior nasopharyngeal
line.11.UPW (upper pharyngeal wall): A
point on the posterior pharyngeal
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identified by an extension of the palatal
(ANS-PNS) plane. 12. MPW (middle pha-
ryngeal wall): A point on the posterior
pharyngeal wall identified by drawing a
line from U to the posterior pharyngeal
wall parallel to Go-B line.13. LPW (lower
pharyngeal wall): A point on the posterior
pharyngeal wall identified by an extension
of a line through Eb drawn parallel to the
SN plane.14. U (tip of uvula): The most
posterior — inferior point of uvula.15. Eb
(base of epiglottis): The deepest point of
the epiglottis.

Linear measurements used in this
study:

Nasopharyngeal parameters:

1. Pm-ad2 (superior nasopharyngeal
depth), 2. Ad2-So (thickness of the soft
tissue on the superior nasopharynx), 3.
Pm-ad1(inferior nasopharyneal depth) , 4.
Ad1-ba (thickness of the soft tissue on the
posterior nasopharyngeal wall), 5. Pm-ba
(sagittal depth of the bony nasopharynx).

Oropharyngeal parameters:

Pm-UPW (nasopharyngeal space), U-
MPW (retro palatal airway space), MAS
(middle airway space along line to the Go-
B line to the posterior pharyngeal wall),
Eb-LMW (hypopharyngeal space), Pm-Eb
(vertical airway length).

Soft palatal parameters:

SPL (U-Pm) soft palate length, SPT
(Pm-U) soft palate thickness.

All statistical analyses were performed
using the Stastical  Package for Social
Sciences (SPSS for windows 98, version
11.0 SPSS Inc., Chicago). The mean and
standard deviation for each variable in all

groups were calculated. Student's t-test
was used to determine whether significant
differences existed between males and
females and also t test used to compare
between adolescents and adults in males
and females groups.

RESULTS

The descriptive statistics of pharynx
and soft palate with comparison between
genders in the adolescents and adults are
shown in Table (1) and Table (2) respec-
tively. There were no significant differ-
ences in all variables except for the retro-
palatal airway space (U-MPW) in which
the adolescents female had larger value
than male while the adult male had larger
values for the thickness of soft tissue on
the posterior nasopharyngeal wall (adl-
Ba) and vertical airway space (Pm-Eb)
than female.

The descriptive statistics of pharynx
and soft palate for the total sample in the
adolescents and adults are illustrated in
Table (3) and the comparison between
adolescents and adults group in males and
females are illustrated in Tables (4) and
(5) respectively. The adults had a signifi-
cantly higher value for (Pm-ad2) and (Pm-
adl),while the adolescents had higher val-
ue for (ad2-So) and (ad1-Ba) than adults in
both genders.In addition, the adult male
had higher value for (Pm-Eb) than adoles-
cent male as shown in Table (4), while
adolescent female had higher value for
(SPT) than adult female (Table 5).
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Table (1): Comparison of pharynx and soft palate between males and females in adolescents.

. Gen Mini- Maxi- Signi-
Variable der  mum mum  Mean SD T-Test ficgnce
(Pm-ad2) M 14.00 26.00 19.67 4.15
Superior nasopha- = 17.00 27.00 20.95 315 -. 764 455
" ryngeal depth
E (Ad2-So) M 16.00 29.00 25.72 4.06
£  Superior nasopha- 1800 2750 2290 250 1845  -83
< ryngeal thickness
(1}
Qo (Pm-adl) M 20.00 31.00 27.10 3.55
g Inferior nasopha- 2000 3300 27.85 432  -424 676
2 ryngeal depth
>
5;5 (Ad1-Ba) M 20.00 30.00 24.80 3.39
= Posterior naso pha- = 15.00 34.00 23.25 472 .844 410
& ryngeal thickness.
z (Pm-Ba) M 37.00 61.00 49.70 6.34
Sagittal depthof 4500 5800  51.10 403  -589  .563
bony nasopharynx
(Pm-UPW) M 23.00 33.00 28.50 3.19
?p?fepharyngea' F 2500 3600  30.60 374 L1194
& (U-MPW) M 600 1300 1045 2.35
E Retropalatal airway 8.50 21.00 14.00 3.86 2485  -23
< space ' ' ' '
ks (MAS) M 800  18.00  12.45 3.13
g Middleairway F 900 2000 1500 362  -1685  .109
S space.
- (Eb-LPW) M 700 2500 1545 6.58
5 Hypopharyngeal 1200 2600 191 350 1948 13
S space.
o (Pm-Eb) M 5500 6550  60.85 3.36
Vertical airway F 4500 7000 586 688 929 365
space
" (SPL) M 27.00 48.00 36.35 541
g & Softpalatelength. - 2600 40.00 33.90 504 1.047 309
< @
&5 P M 800 1250  10.20 1.29
B 8 Soft palate thick- = 9.00 13.50 10.75 158 -.850 407
ness. ' ' ' '
**All measurements are in millimeters number for each gender=40
* Significant difference at p <0.05
Al — Rafidain Dent J 35
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Table (2): Comparison of pharynx and soft palate between males and females in adult.

. Gend-  Mini- Maxi- i signific-
Variables or um um Mean SD  T-test ance
Al - Rafidain Dent J M 26.00 3500  29.33 3.20
Vol. 12, Nol, 2012 ha- 220 983
F 25.00 3500  29.30 347
(Ad2-So) M
Superior nasopha- 13.00 20.00 17.22  2.74 857 o8t
5 ryngeal thickness 9.00 1900 1440 3.74
(%]
2 g (Pm-adl) M
> 3 Inferior nasopha- 26.00 3550  30.38 3.02
§ &  ryngeal depth = -1.398 180
3 s 29.00 3500 3200 1.94
(4]
pd
(Ad1-Ba) M 1300 2550 2027  3.65
Posterior nasopha- 3.130 .006*
ryngeal thickness. F 12.00 20.00 16.35  2.37
(Pm-Ba) M
Sagittal depth of 40.00 5700  50.00 6.49 699 40a
bony nasopharynx F 43.00 52.50 48.35 3.52
(Pm-UPW) M 31.00 43.00 37.22  3.99
Nasopharyngeal E -1.986 .063
space. 29.00 40.00 3500 3.42
(U-MPW) M 8.00 11.00 9.44 101
- Retropalatal airway E -.380 709
& »  space 7.00 12.00 8.80 1.74
® 3
S g8 (MAS) M 19.00 35.00 2939 477
g £ Middle airway space. = -234 .818
5 & 30.00 3450 3255 157
o
5 ¢ (EbLPW) M 8.00 1650 1122 2.66
Hypopharyngeal E -1.231 235
space. 7.50 21.00 11.85  4.26
(Pm-Eb) M 10.00 1750 1294 3.02
Vertical airway E 2.837 .011*
space 9.00 22.00 13.35  4.34
(SPL) M 9.50 20.00 1433 3.77
& £ Soft palate length. E 1.306 209
5 2 9.00 28.00 17.00 5.42
S £ (sPT) M 52.00 7900 7222 841
Y - -
§ &  Softpalatethickness. 5800 7000 6360 445 973 344

**All measurements are in millimeters number for each gender=40

* Significant difference at p <0.05
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Table (3): Descipitive statistics of pharynx and soft palate in the total adolescents and adults.

Variable Age Mini- Maxi- Mean Stdan-
mum mum derdDevia-
tion
(Pm-ad2) Adolescent 14.00 27.00 20.34 3.61
Superior nasopharyn- - A q; 2500  35.00 29.32 3.25
geal depth
(Ad2-So) Adolescent 16.00 29.00 24.24 3.54
Superior nasopharyn- A q; 9.00 20.00 15.74 3.53
= geal thickness
Loy
EE (Pm-ad1) Adolescent 20.00 33.00 27.48 3.87
§ g  Inferior nasopharyn- 5y 2600 3550  31.24 2.57
S 8  geal depth
o ©
g2 (AdLBa) Adolescent 1500  34.00 24.03 4.08
Posterior nasopharyn- ¢ 1200 2550 18.42 371
geal thickness.
(Pm-Ba) Adolescent 37.00 61.00 50.40 5.22
sagittal depth of bony 5 g¢ 4000 5700  49.13 5.07
nasopharynx
(Pm-UPW) Adolescent 23.00  36.00 29.55 3.55
Nasopharyngeal space. ¢ 19.00 3500 3105 3.74
(U-MPW) Adolescent 6.00 21.00 12.23 3.60
g Retropalawlainway g 750 2100 1155 3.51
o »  space
S 2 (MAS) Adolescent 8.00 20.00 13.73 3.54
g §  Middleairway space. 5y ¢ 9.00 2200  13.16 3.67
©
8 S (Eb-LPW) Adolescent 7.00 26.00 17.28 5.46
Hypopharyngeal space. 54y 9.00 2800 1574 4.78
(Pm-Eb) Adolescent 45.00 70.00 59.73 5.40
Vertical airway space 5 q; 5200  79.00 67.68 7.80
. (SPL) Adolescent 26.00  48.00 35.13 5.24
£ 5 Soft palate length
52 : Adult 29.00  43.00 36.05 3.77
§§ (SPT) Adolescent 8.00 13.50 10.48 1.44
£ .
» &  Softpalatethickness. — agy 700 1200 911 1.44
**All measurements are in millimeters *Significant difference at p < 0.05
number for adolescent=80 number for adult=80
Al — Rafidain Dent J 37
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Table (4):Comparison of pharynx and soft palate between adolescents and adult in males.

Variabl Adolescents Adults
ariabies (number=40) (number=40) N
mean SD mean D T value significancy
(Pm-ad2)
Superior nasopha- 19.67 4.15 29.33  3.20 -5.53 .000 *
ryngeal depth
(Ad2-So)
— Superior nasopha- 25,72 406 1722 274 5.20 .000 *
$ »  ryngeal thickness
£ g (Pm-adl)
é% Inferior nasopha- 26.88 369 3039 3.02 -2.20 043 *
o € ryngeal depth
X
g (Ad1-Ba) .
Posterior nasopha- 2533 312 2072 3.65 2.88 .011*
ryngeal thickness.
(Pm-Ba)
Sagittal depth of 49.77 6.72 50.00 6.49 -.071 944
bony nasopharynx
(Pm-UPW)
Nasopharyngeal 28.44 3.39 29.39 4.77 -.484 .635
space.
(U-MPW)
- Retropalatal airway 1050 249 1122 2.66 -.595 .560
S o  space
SE Ay
§ £ Middleairway space. 1239 332 1294 302  -372 715
23
5% (Eb-LPW)
Hypopharyngeal 16.39 6.24 14.33 3.77 847 410
space.
(Pm-EDb)
Vertical airway 60.72 354 7222 821 -3.782 .002 *
space
, (SPL)
%E, Soft palate length. 3739 456 3722  3.99 .082 935
o
S5 P
$ &  Softpalate thickness. 1017 137 944 101 127 223

**All measurements are in millimeters
* Significant difference at p < 0.05

38 Al — Rafidain Dent J
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Table (5): Comparison of pharynx and soft palate between adolescents and adult in females.

Adolescents
(number=80)

Adults

(number=80)

T value significan-

Variables
mean SD mean SD cy
(Pm-ad2)
Superior nasopha- 5, 55 315 28.89 341  -492  .000°
ryngeal depth
(Ad2-So)
= Superior nasopha- 22.61 2.47 15.00 3.42 541 .000*
S ¢ ryngeal thickness
S£  (Pm-adl)
o % Inferior nasopha- 28.28 4.35 31.89 2.03 -2.26 .038 "
2 = ryngeal depth
82 (Adl-Ba)
z Posterior nasopha- 23.39 4.98 16.28 2.50 3.83 .001*
ryngeal thickness.
(Pm-Ba)
Sagittal depth of 51.67 3.83 48.12 3.28 1.98 .066
bony nasopharynx
(Pm-UPW)
Nasopharyngeal 30.50 3.95 32.50 1.66 -1.40 181
space.
(U-MPW)
_ Retropalatal airwvay  13.39 3.54 11.78 451 .842 412
é; o space
S S (MAS)
s £ Middle airway 15.22 3.77 13.50 4.57 872 .396
& £ space.
So (EpbLPW)
Hypopharyngeal 19.11 3.71 17.50 5.50 728 477
space.
(Pm-EDb)
Vertical airway 58.33 7.25 63.00 4.27 -1.66 115
space
. (SPL)
% E Soft palate length. 34.44 5.03 35.00 3.63 =27 792
o D
&§ P
& 8  Soft palate 10.17 1.37 9.44 1.01 2.39 030~
thickness.

**All measurements are in millimeters * Significant difference at p <0.05

DISCUSSION

The nasopharynx consists of group of
muscular organs. The size and Shape of
nasopharynx depend on the surrounding
bony structures,of which the base of the
cranium bone is the most significant part.
The oropharyngeal area is the only col-
lapsible segment of the upper airway be-
cause its walls are not sufficiently rigid for
giving protection against negative trans-
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mural pressure.®”” Without bony or carti-
laginous structures that was the reason
why it focused on developmental changes
over the different sites in the pharyngeal
airway. In this study, only subjects with
normal vertical relationship were included
to eliminate any effect on nasopharyngeal
airway caused by changes in the vertical

plane. (@) Cephalometric norms for naso-
pharyngeal measurements were also re-
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ported Pool et al norms‘ %’ were calcu-
lated for various ages (6-16) and both
gender and found to vary according to age
and gender .The cephalometric measure-
ments of the upper airway in these groups
are thus appropriate to use a normative
data for future comparison.

Sex differences were not detected in
soft palate dimensions. Pharyngeal dimen-
sions were not affected by sex except in
adolescents where (U-MPW) was longer
in males. These findings are in agreement
with those reported in the literatures ®°
2324 which suggest that sex differences in
the pharyngeal dimensions are not present
and in contrast to Samman et al™® and
Sheng et al.®” However, vertical airway
length and thickness of the soft tissue on
the posterior nasopharyngeal wall showed
sex differences in adults. This indicate
these dimensions increased more with age
in males than in females; therefore, a
smaller dimensions in males during ado-
lescents produced no sexual difference ,
and more obvious sexual dimorphism ap-
peared in adulthood.

The nasopharyngeal dimensions con-
tinue to grow rapidly until 13 years of age
25 and then slow until adulthood.® In this
study, include the adolescent and adults to
ensure if differences had existed between
these groups. Tourne,®® stated that the
nasopharyngeal depth is formed at early
Ages and then it usually remains the same
during the life time. But, it also has been
stated, that nasopharynx continues to in-
crease in the width until adulthood. Kollas
and Krogstad®” found that sagittal dimen-
sion of pharynx and the minimal distance
between the base of the tongue and the
posterior pharyngeal wall decrease during
adulthood. Martin et al, ® concluded that
all upper airway dimensions, except the
oropharyngeal junction decreased with
increasing age in both men and wom-
en,while the study of Sheng et al revealed
that the depth of the pharyngeal airway
significantly increased from childhood to
young adulthood in both genders, except
that of the retroglossal-pharyngeal airway
depth in females. The average chronolog-
ic age of their subjects was younger than
that of Martin's subjects, and the differ-
ence between the two studies implies that
the developmental pattern of the pharyn-

geal sagittal depth in young.

people might differ from that in mid-
dle-age persons The present study showed
that the adults had a significantly higher
value for (Pm-ad2) and (adl-Ba), while
the adolescents had higher value for (ad2-
So) and (ad1-Ba) than adults in both gend-
ers. The possible explanation for this is the
prosses of displacement.?® Causes the
maxillary complex to move anteriorly and
inferiorly from the cranium by expansion
and growth of the soft tissues in the mid
facial area and From the remodling
growth concept of Enlow.?® the palate
grew downward by periosteal resorption
on the nasal side and deposition on the
oral side. This growth and remodling
process helps enlargement of the nasal
chambers and development of the vertical
enlargement of the nasal region.The Pter-
gomaxillary (Pm) moved forwad and in-
creased the distance from Pm to
adl.Linder-Aronson.*® Found that the
thickness of the posterior nasopharyngeal
wall(ad1-Ba)Was less than the inferior
nasopharyngeal depth (Pm-adl) due to Ba
movement more saggitaly than did Pm
during the period of growth in his observa-
tion.

Furthermore, the (Pm-Eb) in this
study increased more with age in males,
while the (SPT) decreased more with age
in females.

The difference in growth between the
female and male due to the basic differ-
ence in size after puberty due to male
growth taking place for a longer period
and to a larger size than for females at
comparable ages.®® Handelman and Os-
borne.® Billing and co-worker.®” stated
that genetic factors had a notable influence
on the dimensions of pharyngeal space
,the thickness of the posterior pharyngeal
wall and the nasopharyngeal airway.

CONCLUSIONS

Data derived from this study should
be a useful reference for assessment of
sleep apnoea and other conditions in the
Iragi population. The only significant
gender differences were found in the nas-
sopharyngeal space in the adolescents and
thickness of posterior nasopharyngeal wall
and in the vertical airway space in the
adults. Developmental changes were

Al — Rafidain Dent J
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found in superior and inferior nasopharyn-
geal depth, superior and posterior naso-
pharyngeal thickness, vertical airway
space and soft palate thickness.
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