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ABSTRACT

Objectives: To explore the relationships between mean platelet volume (MPV) values and the 
degree of the mastoid pneumatization.
Study Design: A retrospective clinical chart review.
Methods: In total, 189 patients (130 females and 59 males; average age, 36.50±15.62 years; age 
range: 18-65 years) were included in the study. The patients were divided into three groups in 
terms of the degree of the mastoid pneumatization. The mastoid pneumatization was measured 
between 0 and 5 cm3 for group A, between 5 and 10 cm3 for group B and 10 cm3 and above for 
group C, respectively. The MPV values of each groups were compared.
Results: The mean mastoid pneumatization in group A, B and C was 3.96±2.72 cm3, 8.93±2.14 
cm3 and 11.40±1.36 cm3, respectively. The mean MPV values of group A, B and C were 
7.80±1.22 fl, 8.12±1.46 fl and 7.78±1.26 fl, respectively. The mean MPV values did not differ 
between males and females (p>0.05). The mean mastoid pneumatization was higher in males 
than in females (p=0.024, p<0.05). The mean MPV values did not differ significantly between 
the groups (p>0.05).
Conclusions: The degree of the mastoid pneumatization did not affect the MPV values. Further 
studies with larger numbers of patients are needed to evaluate the relationship between the 
degree of the mastoid pneumatization and MPV values.
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INTRODUCTION

The precise functions of the mastoid air cell system are a current and controversial theme. The 
mastoid air cell system is adopted as an air reservoir for the middle ear. However, knowledge 
of the physiologic functions of the mastoid air cell system remains unsatisfactory. The potential 
functions of the mastoid air cell system are:

• protection of the sensitive inner ear structures from external temperature changes,
• pressure regulator by impact of the large surface area in accordance with gas exchange.1

 The mastoid air cell system enlarges variably to all regions of temporal bone which 
has a pyramidal shape. The pneumatization of mastoid bone varies individually and its de-
velopment alters with age. The mastoid pneumatization has been measured in cadavers via 
cross-sectional histological analysis. In 1940, Diamant2 is the first to report the mastoid pneu-
matization in literature. The mean size of normal adolescent’s mastoid was reported as 12.07 
cm3 by him. The development of mastoid air cell system is completely mature at approximately 
15 years of age in males and 10 years of age in females.2,3 However, the determination of the 
exact mastoid pneumatization is difficult although all air cells are interrelated. The mastoid 
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pneumatization has been calculated quantitatively by several 
methods including such as water-weight method,4 an acoustic 
method5 and a pressurized transducer.6 Recent and significant 
advances in computed tomography (CT) provide better images 
of the anatomical features of the temporal bone.1 Multiplanar 
reconstruction (MPR) is used to this end. Recent advances in CT 
allow simple and accurate measurement of the degree of mastoid 
pneumatization.7 Cadaver studies is associated with more errors 
than are computer-assisted anatomical approaches. Especially, 
measurements derived from CT images with the aid of MPR af-
ford objective and reliable values. Only a few studies have mea-
sured the mastoid pneumatization using this technique.

 Mean platelet volume (MPV) is used as a parameter 
of platelet functions. In literature, increasing MPV levels have 
been associated with the prognosis of some diseases including 
such as hypertension, unstable angina pectoralis, neurological 
diseases, autoimmune diseases and obstructive sleep apnea.8-15 
MPV may be used as a marker that indicates chronic intermit-
tent hypoxia. In the study of Somuk et al.16 reported that MPV 
parameter was found high in the children with chronic effusion 
otitis media. According to Wittmaack’s endodermal theory,17 
middle ear diseases in infancy and early childhood are reduced 
the pneumatization of the mastoid bone. Therefore, hereditary 
and environmental theories proposed that a small mastoid air 
cellular system predisposes to chronic or acute otitis media. To 
our knowledge, there is no reported study that exploring the re-
lationships between MPV values and the degree of the mastoid 
pneumatization. We address this topic in the present study. We 
explored the relationships between MPV values and the degree 
of the mastoid pneumatization.

MATERIALS AND METHODS

We retrospectively reviewed data collected from January 2013 
to January 2016 on patients which were referred to the Depart-
ment of Otolaryngology, Head-and-Neck Surgery, of our hospi-
tal for trauma. In total, 189 patients were included in the study. 
Patients with ossicular chain defects, a cholesteatoma, tympa-
nosclerosis, atelectasia, a history of previous ear surgery, his-
tory of chronic otitis media and temporal bone fractures were 
excluded from the study. All patients underwent CT imaging to 
exclude temporal bone fractures. No any temporal bone fracture 

was determined on CT imaging in all of the patients. The side-
effects of radiation were explained to all patients prior to CT, as 
was the reason why CT was planned. All patients were told of 
the purpose of the study and written informed consent was ob-
tained from the patients. The study was conducted in accordance 
with the principles of Helsinki Declaration. The study protocol 
was approved by our local Ethics Committee. A multidetector 
CT system (Siemens Sensation 40, Erlangen, Germany) was 
used for CT imaging. Imaging parameters included a slice thick-
ness and reconstruction interval of 0.5 mm and a field of view 
of 21.8×28.8 cm; we took at least 150-400 images, which were 
reconstructed using a classical filtered-back projection. Tempo-
ral CT imaging was performed using a Med plus Dicom Wiever 
system (Med plus Ltd., High Wycombe, UK). No contrast ma-
terial was injected. The images were evaluated on a worksta-
tion (Leonardo; Siemens) by two experienced radiologists. In 
this volumetric procedure, mastoid air cells with a gray-scale 
level similar to air in the temporal bone were determined on the 
CT imaging. After image processing, only the volumes of the 
extracted pneumatized parts were measured. The right and left 
sides were calculated separately in each patient (Figure 1A, 1B 
and 1C). Routine blood samples were taken from the antecubital 
vein into tubes with ethylene-diamine-tetracetic acid (EDTA) by 
a nurse. MPV was measured by hematology analyzer machine. 
Normal values for MPV were accepted as 6, 0-11, 0 fl. The pa-
tients were divided into three groups in terms of the degree of 
the mastoid pneumatization. The mastoid pneumatization was 
measured between 0 and 5 cm3 for group A, between 5 and 10 
cm3 for group B and 10 cm3 and above for group C, respectively. 
The MPV values of each group were compared.

Statistical Analysis

 Number Cruncher Statistical System (NCSS) 2007 
software (Kaysville, UT, USA) was used for all statistical analy-
ses. Descriptive statistics (means and standard deviation, medi-
ans with interquartile range) were derived. The significance of 
each intergroup difference was analyzed using Student’s t-test, 
and the significance of any difference in median values was ex-
plored with the aid of the Mann-Whitney U-test and Chi-square 
test. Qualitative data comparisons were performed using the 
Pearson χ2 test. A p<0.05 was considered to reflect statistical sig-
nificance.

Figure 1A: The measurement of left mastoid air cell volume on the CT coronal slice with a gray-scale similar to air.
Figure 1B: The measurement of right mastoid air cell volume on the CT axial slice with a gray-scale level similar to air.
Figure 1C: Calculation of the areas and the volumes of the extracted pneumatized parts of mastoid bone.
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RESULTS

We included 189 patients: 130(68.8 %) females and 59(31.2 %) 
males. Their average age was 36.50±15.62 years (range: 18-65 
years). The mean mastoid pneumatization in group A, B and C 
was 3.96±2.72 cm3, 8.93±2.14 cm3 and 11.40±1.36 cm3, respec-
tively (Table 1). The mean MPV values of group A, B and C 
were 7.80±1.22 fl, 8.12±1.46 fl and 7.78±1.26 fl, respectively 
(Table 2). The mean MPV values did not differ between males 
and females (p>0.05). The mean mastoid pneumatization was 
higher in males than in females (p=0.024, p<0.05) (Table 3). 
The mean MPV values did not differ significantly between the 
groups (p>0.05) (Table 4). 

DISCUSSION

The degree of mastoid pneumatization plays a crurical role in 
middle ear physiologic functions. The development of mastoid 
pneumatization varies between individuals.1 Two hypothesis 
have been propounded among inter-individual variations of the 
degree of the mastoid pneumatization. The first hypothesis is 
that the degree of mastoid pneumatization is determined geneti-
cally. In study of Sade et al18 reported that patients with otoscle-
rosis have larger temporal bone pneumatization than do healthy 
subjects. In another study, Pata et al19 investigated the relation-

ship between presbycusis and mastoid pneumatization consider-
ing the etiologies of both are reflected to have genetic factors. 
The cited authors found no differences between the presbycusis 
subjects and normal subjects in terms of the volume of mastoid 
pneumatization.19 Todd et al20 explored the reason why cystic 
fibrosis patients had significantly less otitis than the normal 
population. Cystic fibrosis patients frequently have nasal polyps 
and sinusitis, but interestingly are spared from an increased oc-
currence of otitis media. This condition legitimized the authors. 
The authors reported that mastoid pneumatization of cystic fi-
brosis patients was larger than the normal population.20 The sec-
ond hypothesis is that the status of the middle ear cavity affects 
the degree of mastoid pneumatization. The degree of pathologic 
involvement of the middle ear cavity among childhood states 
the size of the mastoid pneumatization. Increasing the num-
ber of pathologic involvement of the middle ear cavity among 
childhood decreases the degree of the mastoid pneumatization. 
Therefore, impact of the degree of mastoid pneumatization on 
hematological parameters remains unclear. Is there any relation-
ship between the poorly mastoid pneumatization and systemic 
chronic intermittent hypoxia? Or is there any predictive value in 
hematological parameters for defining poorly mastoid pneumati-
zation? These questions remain unclear. Also, it was the consid-
eration that legitimizes the present study. MPV may be used as a 
marker that indicates chronic intermittent hypoxia. In the present 
study, the patients were divided into three groups in terms of the 
degree of the mastoid pneumatization. The mean mastoid pneu-
matization in group A, B and C was 3.96±2.72 cm3, 8.93±2.14 
cm3 and 11.40±1.36 cm3, respectively. The mean MPV values of 
group A, B and C were 7.80±1.22 fl, 8.12±1.46 fl and 7.78±1.26 
fl, respectively. The mean MPV values did not differ signifi-
cantly between the groups. To our knowledge, the present study 
provides the first report of explored the relationships between 
the mastoid pneumatization and MPV values. However, the re-
lationship between systemic chronic hypoxia and mastoid pneu-
matization remains unclear. The discrepancies among previous 
studies with our study may be attributable to the imaging param-
eters used, subject data and sample size. Although previous ra-
diological studies have been measured the two dimensional size 
of mastoid pneumatization, in the present study we measured 
the degree of mastoid pneumatization using a three-dimensional 
computer-based image reconstruction technique. The value of 
the technique used in the present study is its high accuracy and 
easy-to-use. The limitations of our study include the small sam-
ple size and the lack of randomization, the lack of assessment 
of other systemic chronic hypoxia parameters. If assessment of 
other systemic chronic hypoxia parameters were performed, the 
study may be more valuable and effective.

CONCLUSIONS

In conclusion, the MPV values did not affect the degree of the 
mastoid pneumatization. Further studies with larger numbers of 
patients are needed to evaluate the relationship between the de-
gree of the mastoid pneumatization and MPV values.

Mastoid volume (cm3) Patient 
number % Mean volume 

(cm3)

Group A Between 0 and 5 cm3 59 31.2 3.96±2.72

Group B Between 5 and 10 cm3 84 44.4 8.93±2.14

Group C 10 cm3 and higher 46 24.4 11.40±1.36

Groups Mean Platelet volume (fl) 

Group A 7.80±1.22 ( 5.50-10.92)

Group B 8.12±1.46 ( 6.22-11.60)

Group C 7.78±1.26 ( 6.24-12.50)

Mastoid pneumatization (cm3)

Males 9.50±2.53 cm3 (2,96-14,89 cm3)

Females 8.69±1.82 cm3( 3,02-13,66 cm3)

 *p 0.024

*Mann-Whitney U-test.

*p

Group A Group B Group C

Group A  x 0.258 0.622

Group B 0.258  x 0.496

Group C 0.622 0.496  x

*Mann-Whitney U-test.

Table 3: Comparison of the levels of mastoid pneumatiza-
tion between males and females.

Table 1: Summary of group characteristics.

Table 2: The mean platelet volume of groups.

Table 4: Comparison of the levels of mean platelet volu-
me of each groups.



OTOLARYNGOLOGY

Open Journal
http://dx.doi.org/10.17140/OTLOJ-2-119

Otolaryngol Open J

ISSN 2470-4059

Page 90

CONFLICTS OF INTEREST

No author has any potential conflicts of interest.

REFERENCES

1. Lee DH, Jun BC, Kim DG, Jung MK, Yeo SW. Volume va-
riation of mastoid pneumatization in different age groups: a 
study by three-dimensional reconstruction based on computed 
tomography images. Surg Radiol Anat. 2005; 27(1): 37-42. doi: 
10.1007/s00276-004-0274-7

2. Diamant M. Otitis and pneumatization of mastoid bone. Acta 
Otolaryngol. 1940; 41: 10.

3. Koc A, Ekinci G, Bilgili AM, Akpinar IN, Yakut H, Han T. 
Evaluation of the mastoid air cell system by high resolution 
computed tomography:three-dimensional multiplanar volume 
rendering technique. J Laryngol Otol. 2003; 117(8): 595-598. 
doi: 10.1258/002221503768199906

4. Silbiger H. Uber das Ausmass der Mastoid Pneumatisa-
tion beim Menschen. Acta Anat. 1950; 11(1): 215-223. doi: 
10.1159/000140504

5. Molvaer OI, Vallersnes FM, Kringlebotn M. The size of the 
middle ear and the mastoid air cell system measured by an 
acoustic method. Acta Otolaryngol. 1978; 85(1-2): 24-32. doi: 
10.3109/00016487809121419

6. Andreasson L, Mortensson W. Comparison between the area 
and the volume of the air filled ear space. Acta Radio Diagn. 
1975; 16(4): 347-352. Web site. http://europepmc.org/abstract/
med/1189960. Aceesed May 20, 2016

7. Ars B, Dirckx J, Ars-Piret N, Buytaert J. Insights in the phy-
siology of the human mastoid: message to the surgeon. Int Adv 
Otol. 2012; 8(2): 296-310. Web site. http://victorslavutsky.com/
wp-content/uploads/2014/10/macs-bernard-ars1.pdf. Accessed 
May 20, 2016

8. Park Y, Schoene N, Harris W. Mean platelet volume as an 
indicator of platelet activation: methodological issues. Platelets. 
2002; 13(5-6): 301-306. doi: 10.1080/095371002220148332

9. Greisenegger S, Endler G, Hsieh K, Tentschert S, Mann-
halter C, Lalouschek W. Is elevated mean platelet volume as-
sociated with a worse outcome in patients with acute ischemic 
cerebrovascular events? Stroke. 2004; 35(7): 1688-1691. doi: 
10.1161/01.STR.0000130512.81212.a2

10. Ulaşlı SS, Ozyurek BA, Yilmaz EB, Ulubay G. Mean pla-
telet volume:an inflammatory marker in acute exacerbation of 
chronic obstructive pulmonary disease. Pol Arch Med Wewn. 
2012; 122(6): 284-290. Web site. http://pamw.pl/en/issue/artic-
le/22576316. Accessed May 20, 2016

11. Sagit M, Korkmaz F, Kavugudurmaz M, Somdas MA. Impa-
ct of septoplasty on mean platelet volume levels in patients with 
marked nasal septal deviation. J Craniofac Surg. 2012; 23(4): 
974-976. doi: 10.1097/SCS.0b013e31824e2c08
 
12. Köseoğlu Soyalıç H, Somuk BT, Doğru S, Gürbüzler L, 
Göktaş G, Eyibilen A. Evaluation of mean platelet volume and 
its ratio over platelet count in children with obstructive sleep 
apnea syndrome. Kulak Burun Bogaz Ihtis Derg. 2015; 25(1): 
16-21. doi: 10.5606/kbbihtisas.2015.28863

13. Cengiz C, Erhan Y, Murat T, et al. Values of mean platelet 
volume in patients with chronic tonsillitis and adenoid hypert-
rophy. Pak J Med Sci. 2013; 29(2): 569-572. Web site. http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC3809227/. Accessed 
May 20, 2016

14. Varol E, Ozturk O, Gonca T, et al. Mean platelet volu-
me is increased in patients with severe obstructive sleep ap-
nea. Scand J Clin Lab Invest. 2010; 70(7): 497-502. doi: 
10.3109/00365513.2010.520733

15. Vizioli L, Muscari S, Muscari A. The relationship between 
mean platelet volume with the risk and prognosis of cardiovas-
cular disease. Int J Clin Pract. 2009; 63(10): 1509-1515. doi: 
10.1111/j.1742-1241.2009.02070.x

16. Somuk BT, Soyalıç H, Koc S, Gürbüzler L, Doğru S, Eyibi-
len A. Mean platelet volume as an inflammatory marker of ch-
ronic otitis media with effusion. Int J Pediatr Otorhinolaryngol. 
2014; 78(11): 1958-1960. doi: 10.1016/j.ijporl.2014.08.037

17. Wittmaack K. Uber die normale pneumatisation des schla-
fenbeines einschlieblich ihrer Beziehungen zu den Mittelohrerk-
rankungen [In German]. Jena: Ficher; 1918.

18. Sade J, Shatz A, Kremer S, Levit I. Mastoid pneumatization 
in otosclerosis. Ann Otol Rhinol Laryngol. 1989; 98(6): 451-
454. doi: 10.1177/000348948909800611

19. Pata YS, Akbas Y, Unal M, Duce MN, Akbas T, Micozka-
dıoglu D. The relationship between presbycusis and mastoid 
pneumatization. Yonsei Med J. 2004; 45(1): 68-72. doi: 10.3349/
ymj.2004.45.1.68
 
20. Todd NW, Martin WS. Temporal bone pneumatization in 
cystic-fibrosis patients. Laryngoscope. 1988; 98(10): 1046-
1049. doi: 10.1288/00005537-198810000-00004

http://link.springer.com/article/10.1007%252Fs00276-004-0274-7
http://journals.cambridge.org/action/displayAbstract%3FfromPage%3Donline%26aid%3D402971%26fileId%3DS0022215103001555
http://www.karger.com/Article/Abstract/140504
http://www.tandfonline.com/doi/abs/10.3109/00016487809121419
http://europepmc.org/abstract/med/1189960
http://europepmc.org/abstract/med/1189960
http://victorslavutsky.com/wp-content/uploads/2014/10/macs-bernard-ars1.pdf
http://victorslavutsky.com/wp-content/uploads/2014/10/macs-bernard-ars1.pdf
http://www.tandfonline.com/doi/abs/10.1080/095371002220148332
http://stroke.ahajournals.org/content/35/7/1688.long
http://pamw.pl/en/issue/article/22576316
http://pamw.pl/en/issue/article/22576316
http://journals.lww.com/jcraniofacialsurgery/pages/articleviewer.aspx%3Fyear%3D2012%26issue%3D07000%26article%3D00007%26type%3Dabstract
http://www.kbbihtisas.org/v02/eng/jvi.php%3Fpdir%3Dkbbihtisas%26plng%3Deng%26un%3DKBBI-28863%26look4%3D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3809227/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3809227/
http://www.tandfonline.com/doi/abs/10.3109/00365513.2010.520733%3FjournalCode%3Diclb20
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-1241.2009.02070.x/abstract%3Bjsessionid%3D5630CF7107C54A5E846FE2B367A73DCF.f02t03
http://www.ijporlonline.com/article/S0165-5876%2814%2900481-9/abstract
http://aor.sagepub.com/content/98/6/451.short
http://synapse.koreamed.org/DOIx.php%3Fid%3D10.3349/ymj.2004.45.1.68
http://synapse.koreamed.org/DOIx.php%3Fid%3D10.3349/ymj.2004.45.1.68
http://onlinelibrary.wiley.com/doi/10.1288/00005537-198810000-00004/abstract

