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ABSTRACT
Introduction: Multislice Computed Tomography (MCT) is the 
main radiographic examination to evaluate mastoid air cell 
system. Hounsfield Unit density (HU), determined by MCT is 
useful to evaluate mastoid pneumatization, but HU values 
in different genders, right/left mastoid sides, as well as their 
association with age have not been studied yet.

Aim: To evaluate the difference in Hounsfield density values 
between genders as well as between right and left sides, and 
also to correlate HU with age. 

Materials and Methods: A total of 102 skull MCT examinations 
that included mastoid process of temporal bone were evaluated 
(47 from male and 55 from female patients). The HU was 
measured at mastoid cavity applying exclusively axial slices in 
a standardized region of interest. All statistical analyses were 
performed at a level of significance of 5%, using IBM SPSS 

Statistics 17, SPSS®, Inc, Chicago, IL. Linear regression was 
used to determine the relationship between age and HU; 
Non-parametric tests were performed to evaluate differences 
between right and left sides, as well as between genders. 

Results: No statistical significant differences was observed 
between left and right sides HU values (p-value=0.676) nor 
between male and female (p-value=0.155), according to 
Mann-Whitney test. Age was not correlated with HU values 
(p-value=0.06).

Conclusion: Within the limitations of the present investigation, 
we concluded that the Mastoid Air Cells System (MACS) HU 
values do not vary among male and female individuals and 
left-right sides. Age is advocated to be associated with the 
volume of mastoid pneumatization, but it may not be related to 
differences in HU values.

INTRODUCTION
The mastoid process is a posterior bone projection of temporal 
bone, which contains a large number of tiny cavities named as 
“mastoid cells” that markedly diverse in number and volume [1]. 
The grouped mastoid cells constitute the MACS, which include 
the posterior extension of the Middle Ear (ME), continuously to the 
air-phase with the tympanum. MACS represents one of the most 
important structures to the functional balance of the ME [2].

The functional role of the MACS is not well established [2,3]. It 
is accepted that this highly cellular temporal bone area is an air 
reservoir for the ME [2] and probably protects the sensitive inner ear 
structures from external temperature changes, as well as regulates 
pressure [3] by the impact of the considerable surface area in 
accordance with gas exchange [4-6]. 

Mastoid pneumatization is a combination of two different processes 
[1]: the process of the epithelial growth from the Eustachian tube 
into the middle ear with the disappearance of the space-keeping 
mesenchyme [7]; and the process of a preformation of the bone 
spaces around the mastoid antrum [8]. Moreover, MACS volume and 
pneumatization is inversely related to the frequency of ME chronic 
pathological conditions, such as otitis media [9] and cholesteatoma 
[10].

Complete MACS development is at nearly 10-15 years of age [11] 
and its pneumatization is faster in earlier second decade and slower 
until the third decade of life [2]. A gradual reduction in the mastoid 
pneumatization degree proceeds until the seventh decade [2]. 

Imaging methods can provide great assess to mastoid process [12] 
and computed tomography is the main radiographic examination to 
evaluate mastoid pneumatization [13]. The HU density is an essential 
feature of MCT imaging technique [14]. HU is the numeric translation 
result of the linear attenuation coefficient and it is usually applied 

to biological tissues [14]. Each biological tissue has its particular 
HU [14], with particular HU ranges. Various advances have notably 
simplified the clinical application of HU, and due to this fact, it is 
applied to the study of anatomical areas with difficult approach.

There are many papers regarding the radiological measurement of 
the mastoid pneumatization volume [11]. Nevertheless, although 
there was developed a particular algorithm for the measurement of 
volume and surface MACS area, using -200HU as a threshold [15], 
no previous study investigated HU in MACS, neither considered HU 
differences between gender or its association with age. Thus, the 
aim of the present study was to evaluate the difference in Hounsfield 
density values between genders as well as between right and left 
sides and also to correlate HU with age. 

MATERIALS and METHODS
This retrospective study was conducted in Department of 
Stomatology, School of Dentistry, University of São Paulo (Brazil) and 
has initiated in October 2014 and ended in July 2017. The Ethics 
Committee approval was previously obtained (number: 835.694). 
Sample size was determined according to the number of skull MCT 
examinations available in the research time period (convenience 
sample). 

A total of 102 skull MCT examinations that included mastoid 
process of temporal bone were analysed (47 from males and 55 
from females patients). Patient data (age, gender) were recorded. 
Patients with history of chronic pathological conditions affecting ME 
or MACS were excluded. 

Non contrast enhanced, high resolution MCT with 16 slices (Toshiba 
Activion, Medical Systems Corporation, Japan) was used for MCT 
imaging of temporal bone. Acquisition imaging parameters was: 0.5 
mm slice thickness; 1.0 mm spacing between slices; 250 mm field 
of view; 120 kV peak and 250 mA.
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All the images were assessed on Osirix 64. The HU was measured 
at mastoid cavity applying exclusively axial slices. Region of Interest 
(ROI) size was standardized to 5.00 mm2. The ROI circle was placed 
at mastoid antrum as centrally as possible. Mean HU values for each 
determined ROI were recorded and statistical analysis were applied. 
[Table/Fig-1] shows an example of the data evaluation according to 
the specific ROI.

STATISTICAL ANALYSIS
All statistical analyses were performed at a level of significance of 
5%, using IBM SPSS Statistics 17, SPSS®, Inc, Chicago, IL. Mean 
HU values normality was assessed using Shapiro-Wilk test. Linear 
regression was used to determine the relationship between age and 
HU values. 

that HU values are not associated with the age of the individuals 
also. 

Changes in bone density and hard tissues that may indicate the 
presence of any pathological alteration, identified in radiographic 
examinations like MCT, should be detected as early as possible. 
The diagnosis of density chances in two-dimensional radiographic 
techniques is based on darkness and brightness of images and 
its gray scale [16]. In MCT, the gray scale is translated by the 
Hounsfield scale, which is proportional to X-ray attenuation degree 
and it is assigned to each pixel in the image to express the particular 
tissue density [16]. Hounsfield scale provides HU values that can be 
accurately measured in MCT examinations [17].

Many investigators tried to measure the extent of mastoid 
pneumatization by many methods like water-weight, acoustic, 
pressurized transducer method [4] with an aim to find differences 
between individuals. Although the mastoid cells are all 
interconnected, the assessment of the MACS pneumatization 
degree is a complex task to be performed directly. Not 
withstanding, a number of radiological tools are able to measure 
mastoid pneumatization [11,18,19]. HU values can be easily 
analysed when an MCT is performed. To our knowledge, this 
is the first study focused exclusively on differences among HU 
values to the aforementioned criteria. As we have not found any 
other investigation that considered HU deeply in the results, we 
compared our results with studies using different methodologies 
but explained analogous points. 

Considering the MACS left-right, our results found no HU differences 
between the sides, which may show us the symmetry among MACS 
sides. This result is in concordance with investigations that used other 
methodologies, but aimed to verify the mastoid process geometric 
symmetry [4,20-22]. Also, HU differences between genders were 
not statistically significant in our study which is in concordance with 
other studies which have demonstrated the absence of differences 
between male and female individuals [4,22,23].

Surprisingly, we have not established the relationship between age 
and HU values. A preceding research considering three-dimensional 
reconstruction of CT images has demonstrated that MACS 
pneumatization changes across lifespan, which is not in agreement 
with our results [4]. Nevertheless, our results are in concordance 
with another study when volume was measured in MCT. Kim J et 
al., observed no changes in the volume of MACS with ageing; no 
statistical differences between left and right MACS as well as no 
differences between genders [22]. 

These findings resemble the inheritance theory that states that the 
mastoid pneumatization degree is genetically regulated, leading to 
higher levels of sides symmetry and supporting a genetic component 
to these measures and also to the HU values [21].

Sex Number of patients
Agea

Median HU left side
Median HU right 

sideMedian Maximum Minimum

Male 47 59.5 (IR26.25) 83 9 397.785 (IR282.940) 510.520 (IR308.018)

Female 55 51.0 (IR16.25) 73 21 414.350 (IR247.540) 377.635 (IR655.385)

[Table/Fig-2]: Number of skull multislice computed tomography examinations according to gender (male and female), Age (median, maximum, minimum), Median HU from 
left and right sides.
a: Age in years, Abbreviations: IR: Interquartile Range; HU: Hounsfield Unit

RESULTS
Two hundred and four mastoid process images were assessed from 
102 skull CT examinations. Minimum age of the patients was 9 years; 
maximum age was 83. The number of MCT skulls examinations 
according to the gender of the patients, age and median HUs from 
left and right sides are available in [Table/Fig-2].

Mann-Whitney test showed no statistical significant difference 
between the left and right sides HU values for the total sample, 
which included male and female MCT examinations (p-value=0.676). 
Additionally, no statistical significant difference was detected 
between male and female HU values, according to the same non-
parametric test for independent groups (p-value=0.155). The linear 
regression analysis did not show statistical significance between 
age and HU values (p-value=0.06) [Table/Fig-3].

DISCUSSION
In this study, we described the median HU values of MACS of left 
and right side, considering male and female MCT examinations. 
Moreover, we observed that HU values did not differ among males 
and females, nor between the left and right sides. Finally, we noticed 

Comparsion group p-value

Left versus right side HU differencea 0.676

Male versus female HU differencea 0.155

Correlation between age and HU valuesb p=0.06

[Table/Fig-3]: Statistical assessment results.
aAccoding to Mann-Whitney test, significant if p-value <0.05
bLinear regression analysis, significant if p-value <0.05
Abbreviations: HU: Housfield Unit

[Table/Fig-1]:	 Example of mastoid area evaluation according to specific ROI. Axial 
slice.
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LIMITATION
The limitations of the present study were the small sample size 
and its retrospective design. Further prospective and larger sample 
investigations may help to clarify our findings.

CONCLUSION
Within the limitations of the present investigation, we concluded that 
MACS HU values do not vary among male and female individuals 
and left-right sides. Age is advocated to be associated with the 
volume of mastoid pneumatization, but it may not be related to 
differences in HU values.
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