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Abstract
Introduction:

The aim was to explore the developmental relationships between the angles of septal deviations and the
degree of the mastoid pneumatization.

Materials and Methods:

In total, 143 patients with a diagnosis of septal deviation who underwent septoplasty were included.
The patients were divided into three groups in terms of the angles of the septal deviation. The angle of
the septal deviations was defined as mild (<9 degrees), moderate (between 9 and 15 degrees) and severe
(15 degrees and above). The degree of the mastoid pneumatization of each groups were compared.

Results:

In right-sided septal deviation subjects, the right mastoid air cell volumes of group mild, moderate and
severe were 6,31+2,33 cm3, 5,20+ 1,51 cm3, and 5,31+1,57 cm3, respectively. The mean right mastoid
volumes of each groups did not differ in right-sided deviations subjects (P>0.05). The mean left mastoid
volumes of each groups did not differ in right-sided deviations subjects (P>0.05). In right-sided septal
deviation subjects, the mean volume of the right and left-sided mastoid air cells of each groups did not
differ (P>0.05). In left-sided septal deviation subjects, the mean volume of the right and left-sided
mastoid air cells of each groups did not differ (P>0.05).

Conclusions:
No developmental relationships between the angles of septal deviations and the degree of the mastoid
pneumatization was observed in the study.
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Introduction

Adequate knowledges of the degree of the
mastoid pneumatization (MP) are substantial
for otologist for several causes including the
surgical-anatomical reasons, the choice of the
surgical technique and the enlargement of
mastoid cavity (1,2). The normal process of the
MP starts in the perinatal period in the last
weeks before birth. Pneumatization process of
the mastoid bone progresses during infancy and
childhood through to puberty. It is completely
mature at approximately 15 years of age in
males and ten years of age in females, although
the development of MP varies between
individuals (3,4).

Although the air cell system of mastoid bone
(ACSMB) is propounded as an air cistern for
the middle ear, knowledge of the physiologic
functions of the ACSMB remains unclear. The
development of the ACSMB starts from the
antrum, but some peritubal and hypotympanic
cells develop from the eustachian tube (ET) and
hypotympanum, respectively (5,6).

The normal mucosa of the middle ear provides
the normal process of the MP (7-9). Therefore,
several factors are blamed for the development
of the ACSMB in literature including such as
chronic otitis media (COM), age, gender, genetic
factors and environmental conditions (10-14).
Also, the term of pneumatization is used in a
pathogenetic involvement of mastoid bone (15).
It has been propounded that the pneumatization
of the ACSMB has been affected by the positive
pressure in the nasopharynx through the ET (16).
Considering the location of the ACSMB,
anatomic variability of adjacent structures affect
the development of the MP. Also, total nose
airflow and the nasopharyngeal positive pressure
are blamed for the development of the ACSMB
(17). In study of Maier et al. reported that septal
deviation has been altered the nasopharynx
pressure (18). It is generally accepted that non-
traumatic nasal septal deviation (NSD) is
relatively rare condition in childhood and the
most septal deviations occur in the period of
growth which is intensive in puberty-when the
mastoid pneumatization is almost finished. In
literature, there have been few studies of
investigating the relationship between the degree
of the MP and the angles of the septal deviation.
We address this topic in this study.
We studied the relationships between the
degree of the MP and the angles of the NSD.
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Materials and Methods

We retrospectively evaluated data collected
from May 2014 to January 2016 on patients
treated at our hospital. Totally, 143 patients
who underwent nasal corrections surgery due to
a diagnosis of NSD were included. Patients
with sinonasal polyps, chronic otitis media,
chronic sinusitis, concha bullosa, below the age
of 18 years, previous septoplasty or endoscopic
sinus surgery history, sinonasal neoplasm, and
history of maxillofasial trauma were excluded
from the study. Paranasal sinus computed
tomography (CT) imaging before septoplasty
was performed in all patients. The side-effects
of radiation were explained to all patients prior
to CT, as was the reason why CT was planned.
Local Ethics Committee approved the present
study protocol (ethical committee number:
2016/34).

ACSMB with a gray-scale level similar to air
in the temporal bone were determined on the
tomography imaging in this volumetric
procedure. After image conducting, only the
volumes of the extracted pneumatized portions
were measured. Both sides were calculated
separately in all patients (Fig.la-c). Images
were standardized for all patients by taking
similar views of the basal turn of the cochlea,
the internal acoustic canal, and the ossicular
chain of either ear, in both axial and coronal
slices. All patients have no pathologic findings
on temporal bone slices.

Fig 1: (@) The measurement of right mastoid air cell
volume on the computed tomography (CT) axial slice with
a gray-scale similar to air. (b) The measurement of right
mastoid air cell volume on the CT coronal slice with a
gray-scale level similar to air. (c) Calculation of the areas
and the volumes of the extracted pneumatized parts of
mastoid bone.

The nasal septal angles were determined in
coronal CT slices. The nasal septal angles were
defined as the angles made by a straight line
drawn along the line between the superior
placement of the septum at the level of crista
galli and the inferior placement of the septum at
the level of maxillary crest where the line
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intersected the line from the superior placement
of the septum at the level of crista galli to the
apex of the NSD in the region of the ostiomeatal
complex (Fig.2a-c).

Fig 2: (a) The measurement of the angle of septal
deviations for mild group. (b) The measurement of the
angles of septal deviations for Moderate group. (c) The
measurement of the angles of septal deviations for Severe

group.

All patients were separated into three groups
in terms of the angles of the NSD. The angle of
the NSD that previously described by Elahi et
al. was defined as mild (<9 degrees), moderate
(between 9 and 15 degrees) and severe (15
degrees and above) group. The degree of the
MP of each groups were compared.

Table 1: Summary of group characteristics

Statistical analysis

Number Cruncher Statistical System (NCSS)
2007 software (Kaysville, UT, USA) was used
for all statistical analyses. Descriptive statistics
were provided. The significance of each
intergroup difference was analyzed using
Student’s t-test, and the significance of any
difference in median values was explored with
the aid of the Mann-Whitney U-test. One-way
analysis of variance (ANOVA) test and Tukey
post hoc test were used to assess the differences
between the angeles of the septal deviations and
the degree of the mastoid volume. Pearson and
Spearman correlations were calculated to
explore the significance of differences between
categorical  variables.  Qualitative  data
comparisons were performed using the Pearson
2 test and the Fisher—Freeman—Halton test.

Results

We counted in 143 patients: 98 (68.5%)
females and 45 (31.5%) males. The average age
was 37.04 + 15.38 years (range: 18-67 years).
Groups properties are listed in (Table.1).

Variables Mild (n: 46) Moderate (n: 46) Severe (n: 51)
Age (years) 36.95 £ 14.48 37.12 £ 16.02 37.06 £12.24
Gender

-Females 32 (69.5%) 30 (65.2%) 36 (70.6%)
-Males 14 (30.5%) 16 (34.8%) 15 (29.4%)
The side septal deviation

-Right 19 (41.3%) 24 (52.2%) 27 (52.9%)
-Left 27(58.7%) 22 (47.8%) 24 (47.1%)

The septal deviation deformities were
determined on 70 right-sided (49.0%) and 73
left-sided (51.0%). The right-sided deviations
include 19 mild, 24 moderate and 27 severe
subjects. The left-sided deviations include 27
mild, 22 moderate and 24 severe subjects. In
right-sided NSD subjects, the right ACSMB
volumes of mild, moderate and severe groups
were 6,31+2,33 cm?®, 5,20+1,51 cm?® and
5,31+1,57 cm®, respectively. The mean right
mastoid volumes of each groups did not differ
in right-sided deviations subjects (P>0.05). In
right-sided deviation subjects, the left ACSMB
volumes of mild, moderate and severe group

were 6,67+2,65 cm? 5,32+1,66 cm® and
5,51+1,58 cm?, respectively. The mean left
mastoid volumes of each groups did not differ
in right-sided deviations subjects (P>0.05)
(Table. 2). In left-sided NSD subjects, the left
ACSMB volumes of mild, moderate and severe
group were 5,67+2,54 cm?, 5,77 + 1,68 cm® and
6,41 + 2,47 cm®, respectively. The mean left
mastoid volumes of each groups did not differ
in left-sided deviations subjects (P>0.05). In
left-sided NSD subjects, the right ACSMB
volumes of mild, moderate and severe group
were 5,87+2,07 cm? 5,68+1,49 cm® and
6,48+3,03 cm®. The mean right mastoid
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volumes of each groups did not differ in left-
sided deviations subjects (P>0.05) (Table.3). In
right-sided septal deviation subjects, the mean
volume of the right and left-sided ACSMB of
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each groups did not differ (P>0.05). In left-
sided NSD subjects, the mean volume of the
right and left-sided ACSMB of each groups did
not differ (P>0.05) (Table.4).

Table 2: Right and Left mastoid pneumatization in right-sided septal deviations

. . Sl Post-hoc
Right-sided Total ap
Mild Moderate Severe -1 -1 H-m
i i n 19 24 27 70
Fflgztm":?;tﬁ;)d 0099 0118 0156 0977
Aver+SD  631+233 520+151 531+157 554+183
) 19 24 27 70
Left Mastoid n 0063 0070 0125 0936
volume (cm®)  Aver+SD  667+265 532+166 551+158 576200

2P, Oneway Anova Test; Aver = average; SD = standart deviation.

Table 3: Right and left mastoid pneumatization in left-sided septal deviations.

. Groups Post-hoc

Left-sided . Total R

Mild Moderate Severe 1-11 1-111 H-111
Right n 27 22 24 73
Mastoid
volume Aver+SD  587+2,07 568+ 149 648+303  60L+229 0469 0955 0620 0475
(cm®)
Left Mastoid n 27 22 24 73
Volume 0475 0987 0486 0613
(cm?) Aver+SD 567254 577168 6,41 +2,47 6,41 +2,47

2P, Oneway Anova Test; Aver = average; SD = standart deviation.

Table 4: Comparison of right and left mastoid pneumatization in right-sided and left sided septal deviations.

Right-sided Right Left p
Mastoid pneumatization(cm?®) Aver+SD 5,54+1,83 5,76+2,00 0,297
Left-sided

Mastoid pneumatization(cm?®) Aver+SD 6,01+2,29 5,94+2,28 0,714

2P, Paired Samples Test Aver, average

Discussion

The success of the middle ear surgery depends
on the condition of middle ear cavity (MEC).
Otherwise, the relationship between some
otological diseases and the condition of the
MEC was well documented in literature.
However, the development of MP varies
individually. In literature, two opinions have
been propounded among interindividual
variations of the degree of the mastoid
pneumatization. Due to Diamant’s theory (15),
the mastoid volume was appointed genetically
and a small ACSMB volume predisposes to
pathologic involvement of the middle ear
cavity. Some authors supported his theory and
explored the relationship between the MP and
genetical diseases. In study of Sade et al. (10)

SD, standart deviation.

reported that patients who were suffered from
otosclerosis have larger temporal bone
pneumatization than do healthy subjects.
Similarly, Pata et al. (13) explored the
relationship between presbycusis and MP
considering the etiologies of both are reflected
to have genetic factors. The cited authors found
no differences between the presbycusis subjects
and normal subjects considering the volume of
MP.(13) In another study, Todd et al. (11)
reported that MP of cystic fibrosis patients who
have smaller frequency of otitis media than
normal population was larger than the normal
population (11). Due to Wittmaack’s opinion
(19), normal mucosa is a necessary for the
native MP process. Increasing the number of
pathologic condition of the MEC among
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infancy decreases the degree of the MP. This
theory is also called the environmental theory.
Also, this theory legimitized to some authors.
Considering the location of the ACSMB,
variations of adjacent structures may affect the
development of the MP. The most important
anatomic structures are the ET, nasal and
nasopharyngeal structures. In study of Apuhan
et al. (20) noted that the size of adenoid tissue
did not influence the development of the MP. In
another study, Hindi et al. (21) reported a
positive correlation between the MP and the
pneumatization of the sphenoid sinus. Nasal
pathologies lead to decreased nasal airflow and
alter the nasopharynx pressure. In study of
Maier et al. (18) noted that surgical correction
of the severe nasal pathologies might be
beneficial before the tympanoplasties. In
another study, Koch et al. (22) deduced that
negative middle ear pressure (MEP) in patients
with impaired nasal ventilation can be
recovered by surgery. Due to these reports, the
presence of NSD affects the MEP negatively.
Also, nasal pathologies should be improved
before otological surgery. In study of Gencer
et al. (23) investigated the associations of NSD
on MP. The patients in their study were divided
into three groups in terms of the angles of NSD.
Their results indicated that severe NSDs
significantly influence the ACSMB volume. In
the present study, our results suggested that the
angles of NSDs did not affect the degree of the
MP. The MP was higher in group mild than
other groups (albeit not significantly). The
discrepancies among study of Gencer et al.(23)
with our study may be attributable to the
imaging parameters used, subject data and
sample size. The measured mastoid volume was
higher in the study of Gencer et al.(23) than the
present study. Therefore, our results were not
compatible with the study of Gencer et al.(23).
In our study, we excluded the patients with
COM. Hypothesis of our study was to evaluate
the impact of the angle of NSD on the degree of
MP. For this reason, affecting factors of the
development of mastoid pneumatization were
excluded. However, if the patients with COM
was included the present study, it might affect
the results. Also, we cannot determine the exact
reason of developmental relationships between
the angles of septal deviations and the degree of
the MP. The small sample size and the lack of
randomization were limited to the present
study. However, we cannot assert that

septoplasty may raise the success rate of
otological surgery in patients with NSD
considering the lack of the assessment of
outcome of otological surgery. Our study was
also a computer-assisted anatomic study. In
conclusion, no developmental relationships
between the angles of septal deviations and the
degree of the MP was observed in the study.
Further studies are obligatory to support these
findings.

References

1. Ilea A, Butnaru A, Sfrangeu SA, Hedesiu M,
Dudescu CM, Berce P, et al. Role of mastoid
pneumatization in temporal bone fractures. AJNR Am
J Neuroradiol 2014;35(7): 1398-404.

2. Lee DH, Jun BC, Kim DG, Jung MK, Yeo
SW. Volume variation of mastoid pneumatization in
different age groups: a study by three-dimensional
reconstruction based on computed tomography
images. Surg Radiol Anat 2005;27:37-42.

3. Ars B, Dirckx J, Ars-Piret N, Buytaert J.
Insights in the physiology of the human mastoid:
message to the surgeon. Int Adv Otol 2012;8:
296-310.

4, Yegin Y, Celik M, Simsek BM, Olgun B,
Karahasanoglu A, Colak C, et al. Correlation
Between the Degree of the Mastoid Pneumatization
and the Angle and the Length of the Eustachian Tube.
J Craniofac Surg. 2016;27(8):2088—-2091.

5. Cinamon U. The growth rate and size of the
mastoid air cell system and mastoid bone: a review
and reference. Eur Arch Otorhinolaryngol 2009; 266:
781-6.

6. Sade J, Ar A. Middle ear auditory tube;
middle ear clearence, gas exchange, and pressure
regulation. Otolaryngol Head Neck Surg 1997;116:
499-524,

7. Cohen D, Raveh D, Peleg U, Nazarian Y,
Perez R. Ventilation and clearance of the middle ear.
J Laryngol Otol 2009;123:1314-20.

8. Sadé J, Fuchs C. Secretory otitis media in
adults: 1. The role of mastoid pneumatization as a
prognostic factor. Ann Otol Rhinol Laryngol 1997;
106:37-40.

9. Alper CM, Kitsko DJ, Swarts JD, Martin B,
Yuksel S, Cullen Doyle BM,et al. Role of the mastoid
in middle ear pressure regulation. Laryngoscope
2011;121 (2):404-408.

10. Sadé J, Shatz A, Kremer S, Levit |. Mastoid
pneumatization in otosclerosis. Ann Otol Rhinol
Laryngol 1989;98: 451-4.

11 Todd NW, Martin WS. Temporal bone
pneumatization  in  cystic-fibrosis  patients.
Laryngoscope 1988;98:1046-9.

12. Bayramoglu I, Ardi¢ FN, Kara CO, Ozier
MZ, Katircioglu O, Topuz B. Importance of mastoid

Iranian Journal of Otorhinolaryngology, Vol.32(3), Serial No.110, May 2020 167



pneumatization on secretory otitis media. Int J Pediatr
Otorhinolaryngol 1997; 40(1): 61-66.

13. Pata YS, Akbas Y, Unal M, Duce MN,
Akbas T, Micozkadioglu D. The relationship
between presbycusis and mastoid pneumatization.
Yonsei Med J 2004;45 (1):68-72.

14. lino Y, Imamura Y, Hiraishi M, Yabe T,
Suzuki JI. Mastoid pneumatization in children with
congenital cholesteatoma:An aspect of the formation
of open-type and closed-type cholesteatoma.
Laryngoscope 1998; 108: 1071-6.

15. Diamant M. Otitis and pneumatization of
mastoid bone. Acta Otolaryngol 1940; 41:10.
16. Doyle WJ. The mastoid as a functional rate-

limiter of middle ear pressure change. Int J Pediatr
Otorhinolaryngol 2007; 71: 393-402.

17. Kim J, Song SW, Cho JH, Chang KH, Jun
BC. Comparative study of the pneumatization of the
mastoid air cells and paranasal sinuses using three
dimentional reconstruction of computed tomography
scans.Surg Radiol Anat 2010;32:593-9.

18. Maier W, Krebs A. Is surgery of the inner
nose indicated before tympanoplasty? Effects of nasal

Celik M, et al

obstruction and reconstruction on the eustachian tube.
Laryngorhinootologie 1998; 77: 682-8.

19. Wittmaack K. Ueber die normale und
pathologische Pneumatisation des Schléfenbeines
einschliesslich  ihrer ~ Beziehungen zu den
Mittelohrerkrankungen. Jena: Ficher; 1918.

20. Apuhan T, Yildirim YS, Ozaslan H. Is there
any developmental relationship between mastoid
pneumatization and adenoid tissue volume? Int J
Pediatr Otorhinolaryngol 2011;75: 415-19.

21. Hindi K, Alazzawi S, Rama R, Prepageran
N, Rahmat K. Pneumatization of mastoid air cells,
temporal bone, ethmoid and sphenoid sinuses. Any
correlation? Indian J Otolaryngol Head Neck Surg
2014,66: 429-36.

22. Koch U, Herberhold C, Opitz HJ. Middle
ear pressure after rhinoplasty surgery (author's transl).
Laryngol  Rhinol  Otol  (Stuttg) 1977;56:
657-61.

23. Gencer ZK, Ozkiris M, Okur A, Karacavus
S, Saydam L. The possible associations of septal
deviation on mastoid pneumatization and chronic
otitis. Otol Neurotol 2013;34: 1052-57.

168 lranian Journal of Otorhinolaryngology, Vol.32(3), Serial No.110, May 2020



