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INTRODUCTION
Among all PNS, the maxillary sinuses are the first sinuses that 
begin to grow and the largest of the PNS [1]. It is contained 
within maxillary bones, filled with air and padded with respiratory 
epithelium. It reduces skull weight, increasing acoustic resonance, 
absorbing direct blows to the facial bones and insulating the upper 
teeth and eyes from heat, humidifying the inhaled air and supporting 
the development of the upper jaw [2]. Its location in the midfacial 
region makes them vulnerable to complications of tumours and 
inflammation in the neighboring structures [3].

Measurement and precise assessment of tissue size in reconstructive 
surgery led to significant advances in volume calculation [4]. 
Furthermore, measurement of the volume is useful in several 
medical applications such as determination of the relationship 
between gum bone loss and mucus thickness in the maxillary 
sinuses [5]. The normal shape of the facial bones is an indicator of 
the normal development of the PNS [6]. Therefore, it can be claimed 
that the normal topography of the face might indicate the normal 
development of the maxillary sinuses.

Computed Tomography (CT) scans imaging occupies a prominent 
position in the recent studies to measure the size of the PNS 
compared to conventional X-rays in living and human cadavers 
[7]. The advantage of examining the size of maxillary sinuses in 
a three-dimensional CT scan can be used for determination of 
gender for both criminal investigations and forensic anthropology 
[8,9]. In addition, CT imaging plays a major role in the diagnosis 

and management of PNS diseases, such as nasal polyps, sinus 
tumours and complications of sinusitis [7]. In this context, the CT 
of 2 Dimensional (2D) scans has been applied in various studies to 
estimate the volume of the sinuses with the application of several 
formulae [10,11]. Other studies used 3 Dimensional (3D) CT scans 
in order to obtain data for volumetric assessment of the maxillary 
sinuses [12-14]. There are differences in the PNS between the right 
and the left sides in terms of the shape and size. The anatomical 
structures are intricate and differ from person to another [10]. 
Several studies have been conducted, but consensus about the 
effect of age and gender on the PNS is not clear, reduction in the 
volume of the PNS in relation to age was reported after examination 
of the sphenoid and maxillary sinuses [15,16]. 

Previous studies have shown inconsistent results concerning the 
effect of gender on the volume of the sinuses. This was evident in the 
results of the maxillary sinus examination [17,18]. Pneumatisation of 
the PNS in the human, primarily, was evaluated by injection of various 
substances into the cadaver and measurement of the anatomical 
borders of the sinus and by taking a traditional X-ray. At present, 
trial of studies using of imaging techniques, such as Magnetic 
Resonance Imaging (MRI) that provided numerous sections of 
coronal, sagittal and axial images which enable an evaluation of the 
structure of the paranasal cavity. Moreover, the availability of many 
imaging modalities, presented a new perspective for using the 
morphometric analysis of these images [19]. The large volume of 
the maxillary sinuses, their anatomical position in the upper jaw and 
their relationship to the eye, nose and dental roots make them an 
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ABSTRACT
Introduction: Quantification of maxillary sinus volumes might 
be a complicated and annoying process, but it is beneficial for 
the clinicians, however not limited to plastic and maxillofacial 
reconstruction and artificial implants rehabilitation. Its volumetry 
may alter by many factors and may exhibit diversity.

Aim: To determine the relationship of age and gender to the 
volume of the maxillary sinus in normal Sudanese subjects and 
to verify if there is diversity bilaterally in both sexes.

Materials and Methods: A retrospective observational study 
was conducted in the Department of Radiology, Royal Care 
Hospital, Khartoum, Sudan, during the period from August 
2018 to July 2019. It consisted of Computed Tomography (CT) 
images of adults aged more than 17 years from both genders of 
Sudanese subjects, who underwent a CT scan of the Paranasal 
Sinuses (PNS) that showed positive clinical signs and symptoms 
and proved to be normal. The obtained data was statistically 
analysed by Statistical Package for Social Sciences (SPSS) 
version 21.0. A paired-sample t-test was applied to compare 
between the volume of the right and left maxillary sinuses. An 

independent t-test was used to evaluate the difference between 
the gender and the volume of the maxillary sinuses. Pearson’s 
r test was used to find possible correlation between age and 
maxillary sinuses volume.

Results: A total of 81 CT images (46 males and 35 females, 
aged 17-78 years) were studied. There is negative correlation 
between age and maxillary sinuses volume. The advancement 
of age seems to reduce the size of the maxillary sinuses in male 
and female groups (r=-0.029; p=0.9, and r=-0.313; p=0.07, 
respectively). Conversely, gender had no significant effects in 
the maxillary sinuses volume (p=0.9). The mean total volume of 
the maxillary sinuses in male and female was 38.70±12.12 cm3 

and 38.34±11.50 cm3, respectively. When bilaterally compared 
there was no significant difference in the volume of maxillary 
sinus in either sex {Male (p=0.07), female (p=0.11)}.

Conclusion: The combination of CT scanning with the Cavalieri 
principle is a direct and accurate technique that can be safely 
applied to estimate the volume of the maxillary sinuses. 
Additional large prospective studies might be required to 
support the findings of this study.
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STATISTICAL ANALYSIS
Data was statistically analysed by SPSS version 21.0. The normality 
test was done before analysis and the results of the skewness and 
kurtosis tests confirmed the normality of the data. A paired-sample 
t-test was applied to compare between the volume of the right and 
left maxillary sinuses. An independent t-test was used to evaluate 
the difference between the gender and the volume of the maxillary 
sinuses. The p-value less than 0.05 was considered significant. 
Pearson’s r test was applied to investigate the correlation of age to 
the maxillary sinus volume.

RESULTS
The study sample consisted of 81 CT images (46 males and 
35 females). Their age ranged between 17 and 78 years, with the 
mean of 43.46 and 42.06 years for male and female groups, 
respectively. Sectional cut surface areas of the maxillary sinus 
were estimated using the planimetry method. For this aim, the 
polygonal selection tool of the ImageJ was used and the borders 
of the maxillary sinus were delineated [Table/Fig-1]. The mean total 
volume (cm3±SD) of both sinuses in the male and female groups 
was 38.70±12.12, and 38.34±11.50, respectively.

The different mean volumes of maxillary sinus are shown in 
[Table/Fig-2]. 

interesting area for endoscopic sinus surgery, maxillofacial surgery 
and dental implant surgery [20]. To our knowledge, no information 
is currently available on the volume of the maxillary sinuses for 
Sudanese population. For this reason, present study was intended 
to be the first of its type to measure the volume of the maxillary 
sinuses on the CT images of normal Sudanese subjects using 
ImageJ 1.52p software program and to discover the correlation of 
the maxillary sinuses volume to the age and gender.

MATERIALS AND METHODS
A retrospective observational study was conducted in the Department 
of Radiology, Royal Care Hospital, Khartoum, Sudan, during the 
period from August 2018 to July 2019, after approval from Human 
Research Ethical Committee (HREC0013/RCIH.07/19).

inclusion criteria: CT images of adults aged more than 17 years 
from both genders of Sudanese subjects, who underwent a CT scan 
of the Paranasal sinuses (PNS) showed positive clinical signs and 
symptoms and proved to be normal, were included in the study. 

exclusion criteria: The CT images with congenital anomalies, sinus 
diseases or sinus fractures were excluded, as well as the CT images 
of individuals below the age of 17 were also excluded from the study. 
These healthy Sudanese CT images of the maxillary sinuses had 
been used in the final assessment. Multi slice CT scanner (Toshiba 
Aquilion 64 CT scanner) was used to obtain an axial CT image of the 
PNS. The projection was parallel to the orbito-meatal line, the slice 
reconstruction interval was 0.600 mm and its thickness was 1 mm. 
Coronal and sagittal planes were constructed using the Multiplanar 
reconstruction (MPR) processing by the workstation. Advance 
technical factors were applied to receive high quality data, 120 kVp; 
210 mAs; rotation time=1.0 sec; collimation=64×0.625; FOV=220 
mm and bone window (1500 HU window width, and 200HU window 
level). The patients were provided with perfect technical information 
about the CT scan imaging process.

Maxillary sinus volume was calculated using Cavalieri principle which 
is one of the stereological methods with ImageJ program (ImageJ 
1.52p Wayne Rasband, National Institutes of Health, USA). The 
Cavalieri principle is an effective method in volumetric measurements 
of life structures. It is used to estimate the volume of the irregular 
shaped constituents from a set of two-dimensional cuts through 
it, provided that they are analogous, separated by an identified 
distance and start haphazardly inside the object. These parameters 
are encountered by standard CT and MRI techniques [21].

Coronal planes that were constructed using the MPR were used 
for measurement by ImageJ. Reconstructed consecutive parallel 
images with thicknesses of 1 mm and 6 mm interval (maxillary 
sinuses are visible every 10 slices) were used for ImageJ application. 
These cross-sectional image series were constant due to the 
stepwise movement of the computerised tomography machine. All 
consecutive images of CT were transferred to the ImageJ software 
for calculation. ImageJ software was matched using the reduction 
scale of the images. Using the program, the number of pixels 
enclosed by the traced maxillary sinus contours on each section was 
automatically calculated and it provided us with the cross-sectional 
area of the maxillary sinus of interest on a slice-by-slice basis.

The sum of the areas was multiplied by the section thickness to 
provide the volume of the maxillary sinus, as shown in the formula 
Vmax=t×∑A. Where Vmax is Volume of maxillary sinus; t is the 
section thickness of consecutive sections; and ∑A is the total 
sectional area of the consecutive sections. The maxillary volume 
was measured three times. All measurements were done using the 
same stereological software. The volume of the maxillary sinuses 
was compared in both sides. Relation of the maxillary sinuses 
volume to the gender was examined. 

maxillary sinus

males Females

Volume (cm3)

min.-max. mean±Sd min.-max. mean±Sd

Right 7.17-30.76 19.22±6.05 7.59-33.44 18.84±5.85

Left 7.85-32.78 19.48±6.11 6.84-31.25 19.50±5.89

Total 15.02-63.54 38.70±12.12 16.76-62.30 38.34±11.50

Age (Year)

17-71 43.46±16.27 19-78 42.06±15.68

[Table/Fig-2]: Mean and total of the maxillary sinuses volume (cm3±SD).

No significant differences were observed between the volume of 
the left and right maxillary sinuses in either male or female groups 
p=0.07 and p=0.11, respectively. There was a minor negative 
correlation between the total volume of maxillary sinuses and 
age in the male group which did not reach the level of statistical 
significance (r=0.029; p=0.9) [Table/Fig-3]. A negative correlation 
was also found between the total volume of the maxillary sinuses 
and age in the female group; however, the p-value did not reach the 
level of statistical significance (r=0.313; p=0.07) [Table/Fig-4]. This 

[Table/Fig-1]: Computed Tomography (CT) images opened in ImageJ program 
shows the delineation of the maxillary sinuses’ border, thus enabled its volume 
measurement.
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sinuses continues to increase until the third molar has completely 
erupted this had been highlighted in the report by Thomas A and 
Raman R [27], whereas Degermenci M et al., concluded that the 
maxillary sinus reaches its maximum size at the age of 16 [28]. In 
spite of that Ariji Y et al., and Baweja S et al., had been pointed that 
the maxillary sinuses increased up to 20 and 25 years respectively, 
then after gradual reduction was observed [29,30]. The volume of 
the maxillary sinus was evaluated in CT Scan by Ariji Y et al., found 
that the volume of the maxillary sinus appears to decrease when the 
age is more than 20 years [29]. For these reasons, the age of more 
than 17 years was adopted in the current series.

Review of English literature revealed that there are several studies 
and efforts have been done to analyse the maxillary sinuses 
volume and their relation to gender and age. Rani SU et al., in 
India, Jasim HH and Al-Taei JA in Iraq and Kim J et al., in Korea 
had reported the volume of the maxillary sinuses are larger in male 
than in female [31-33].

These observations are in contrary with findings of this study where 
the gender does not affect the size of the maxillary sinus. Based on 
the current obtained results, it is not possible to identify the gender 
based on the size of the maxillary sinus. Depending to these, it can 
be saying that the maxillary bones in both sexes for some Sudanese 
subjects may have the same pattern of sinuses aeration development. 
On the other hand, the current study came in support to previous 
studies where there was no statistically significant difference in the 
maxillary sinuses volume between the sexes and sides [6,28].

The unique study of Fernandes CL had stated that the size of the 
maxillary sinus varies according to ethnic and gender, and male 
sinuses were significantly larger than those of females (p=0.002) [17].

Uchida Y et al., reported that no statistically significant differences 
were observed with respect to various factors such as age, sex and 
side when measuring the total volume of the maxillary sinus [34]. The 
data regarding the volume of the maxillary sinus on CT scan shows 
negative correlation r=-0.43 with regard to maxillary sinus volume 
and age, as for sex and side there was no significant difference in 
relation to the volume of the maxillary sinus [29]. As well, negative 
correlation r=-0.238 was also seen between the total volume of the 
maxillary, frontal, ethmoid and frontal sinuses to age, which means 
the total volume of these sinuses reduced with age [10]. 

The aforementioned results to large extent correspond to the 
findings of this study where negative correlation was observed 
when compared the age with total maxillary sinuses volume in male 
and female subjects, as it was r=-0.029, and r=-0.313, respectively. 
This means that the age reduces the size of the maxillary sinus after 
reaching its maximum size. In this context, since the volume of the 
maxillary sinuses ceases at a certain age and there is continuous 
increase in age, it could be suggested that the significant differences 
observed between the sinus volume and age are due to the actual 
reduction in the size of the maxillary sinuses with age. Hence, the 
highly statistical significance might be seen in the maxillary sinus 
volume of elderly when compared with their age.

Barghouth G et al., reported that no difference was observed in 
volume indexes between the right and left sides in the maxillary, 
sphenoid, and frontal sinuses. A difference between the sides in 
maxillary sinuses length was observed, when the age was more 
than 8 years [35]. Similarly, difference in the volume of the maxillary 
sinuses between both sides among gender was statistically 
insignificant. As, it was suggested in the above mentioned studies 
that the volume of the adult maxillary sinuses changes with age, 
this may be associated with the presence or loss of maxillary 
molars and premolars. Previously, had been reported that the 
absence of posterior maxillary teeth causes a decrease in maxillary 
sinus volume [36]. Therefore, it is essential to be aware about the 
anatomical approximate between the floor of the maxillary sinus and 
the maxillary third molar in the preoperative strategic planning when 

[Table/Fig-3]: The graph shows the correlation between male age and the total 
volume of the maxillary sinuses.

[Table/Fig-4]: The graph shows the correlation between female age and the total 
volume of the maxillary sinuses.

means, the size of the maxillary sinuses was inversely related to 
age. The effect of increasing age on the size of the maxillary sinuses 
was more pronounced in female than in male [Table/Fig-3,4]. 
Using independent t-test, no significant difference was determined 
between the gender in relation to the total volume of the maxillary 
sinuses p=0.9. 

During the study, one male patient was found with right side nasal 
septal deviation, in spite, this observation did not significantly affect 
the ipsilateral maxillary sinus volume. 

DISCUSSION
After birth, there are momentous changes in the morphology, size 
and dimensions of the maxillary sinuses. Therefore, it is necessary 
to consider the amount of changes that may occur in the volume at 
the required surgical intervention. As maxillary hypoplasia is greatly 
affecting the size of the maxillary sinus [22]. Studies had reported 
that the size of the maxillary sinuses decreases in both sexes after 
reaching the maximum level of development, this could be due to 
mineral loss in the entire bone matrix enclosing the maxillary sinuses 
as a result the bony wall of the maxillary sinus shrinks to reduce the 
size of the sinuses [23-25].

It was found that the size of the maxillary sinuses begins to increase 
from birth to continue during childhood and adolescence and then 
ceases at the end of the age of 18 [26]. The volume of the maxillary 
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dealing with the maxillary third molar [37]. As well as, Velasco-Torres 
M et al., had declared that the total size of the maxillary sinuses 
is much smaller in individuals with total or partial tooth loss than 
in individuals with teeth, this result was affected by age, since the 
elderly showed a smaller size, regardless of dental condition and 
gender [38]. Şentürk M et al., reported that no significant difference 
was detected between the maxillary sinuses volume in children with 
and without nasal septal deviation and concluded that the presence 
of severe septal deviation did not affect the maxillary sinus volume 
[39]. This conclusion supported the observation of the current 
study, where analysed CT image found that the deviation of the 
nasal septum had no effect on the maxillary sinus volume.

The strength of this study is that, it is the first study to be performed 
among Sudanese individuals in this manner. The current study would 
be a database for the size of the maxillary sinuses in Sudanese 
population. Additional large prospective cross-sectional studies 
might be required to support the findings of the current study. 
As well as, future large studies including children are needed to 
ascertain the developmental overlap and beginning of the maxillary 
sinuses in both sexes in our local population. Lastly, but not the 
least large cohort study in abnormal maxillary sinuses as in case of 
absence of posterior maxillary teeth, or change in clinical conditions, 
like sinusitis, tumour, fracture of Maxilla may be included.

Limitation(s)
The limitation of the current study is being retrospective in nature, 
as well as, it included patients only from Khartoum, the capital of 
Sudan, and did not included patients from the other different regions 
of the country who are arising from different ethnicity.

CONCLUSION(S)
The volume of maxillary sinuses was negatively correlated with 
individual age, not affected by gender and no difference between 
sides. So, it cannot be used to determine the sex in Sudanese 
population for medicolegal purposes. An elaborated flag of the 
anatomy of the sinuses and its volumetric comparison of both sides 
might be essential in performing therapeutic interventional maxillary 
sinuses procedures. Maxillary sinus volumetry using CT scan is 
feasible under different circumstances, and it might contribute to a 
better clinical evaluation. 

REFERENCES
 Kiruba LN, Gupta C, Kumar S, D’Souza AS. A study of morphometric evaluation [1]

of the maxillary sinuses in normal subjects using computer tomography images. 
Arch Med Health Sci. 2014;2(1):12-15.

 Masri AA, Yusof A, Hassan R. A three dimensional computed tomography (3D-[2]
CT): A study of maxillary sinus in Malays. CJBAS. 2013;1(02):125-34.

 Gray CF, Staff RT, Redpath TW, Needham G, Renny NM. Assessment of [3]
maxillary sinus volume for the sinus lift operation by three-dimensional magnetic 
resonance imaging. Dentomaxillofac Radiol. 2000;29(3):154-58.

 Rha EY, Kim JM, Yoo G. Volume measurement of various tissues using the Image [4]
J software. J Craniofac Surg. 2015;26(6):e505-06.

 Fadili A, Alehyane N, Halimi A, Zaoui F. An alternative approach to assessing [5]
volume-of-interest accuracy using CBCT and ImageJ software: In vitro study. 
Advan Radiol. 2015;2015:29720.

 Saccucci M, Cipriani F, Carderi S, Di Carlo G, D’Attilio M, Rodolfino D, et al. [6]
Gender assessment through three-dimensional analysis of maxillary sinuses 
by means of cone beam computed tomography. Eur Rev Med Pharmacol Sci. 
2015;19(2):185-93.

 Cohen O, Warman M, Fried M, Shoffel-Havakuk H, Adi M, Halperin D, et [7]
al. Volumetric analysis of the maxillary, sphenoid and frontal sinuses: A 
comparative computerised tomography based study. Auris Nasus Larynx. 
2018;45(1):96-102.

 Sharma SK, Jehan M, Kumar A. Measurements of maxillary sinus volume and [8]
dimensions by computed tomography scan for gender determination. J Anato 
Soc India. 2014;63(1):36-42.

 Möhlhenrich SC, Heussen N, Peters F, Steiner T, Hölzle F, Modabber A. Is the [9]
maxillary sinus really suitable in sex determination? A three-dimensional analysis 
of maxillary sinus volume and surface depending on sex and dentition. J 
Craniofac Surg. 2015;26(8):e723-26.

 Emirzeoglu M, Sahin B, Bilgic S, Celebi M, Uzun A. Volumetric evaluation of the [10]
paranasal sinuses in normal subjects using computer tomography images: A 
stereological study. Auris Nasus Larynx. 2007;34(2):191-95.

 Krennmair G, Krainhöfner M, Maier H, Weinländer M, Piehslinger E. Computerised [11]
tomography-assisted calculation of sinus augmentation volume. Int J Oral 
Maxillofac Implants. 2006;21(6):907-13.

 Gulec M, Tassoker M, Magat G, Lale B, Ozcan S, Orhan K. Three-dimensional [12]
volumetric analysis of the maxillary sinus: A cone-beam computed tomography 
study. Folia Morphol. 2020;79(3):557-62.

 Belgin CA, Colak M, Adiguzel O, Akkus Z, Orhan K. Three-dimensional evaluation [13]
of maxillary sinus volume in different age and sex groups using CBCT. Eur Arch 
Otorhinolaryngol. 2019;276(5):1493-99.

 Park IH, Song JS, Choi H, Kim TH, Hoon S, Lee SH, et al. Volumetric study in [14]
the development of paranasal sinuses by CT imaging in Asian: A pilot study. Int J 
Pediatr Otorhinolaryngol. 2010;74(12):1347-50.

 Yonetsu K, Watanabe M, Nakamura T. Age-related expansion and reduction [15]
in aeration of the sphenoid sinus: Volume assessment by helical CT scanning. 
AJNR Am J Neuroradiol. 2000;21(1):179-82.

 Sahlstrand-Johnson P, Jannert M, Strömbeck A, Abul-Kasim K. Computed [16]
tomography measurements of different dimensions of maxillary and frontal 
sinuses. BMC Med Imaging. 2011;11(1):8.

 Fernandes CL. Volumetric analysis of maxillary sinuses of Zulu and European [17]
crania by helical, multislice computed tomography. J Laryngol Otol. 
2004;118(11):877.

 Pallanch JF, Yu L, Delone D, Robb R, Holmes III DR, Camp J, et al. Three-[18]
dimensional volumetric computed tomographic scoring as an objective outcome 
measure for chronic rhinosinusitis: Clinical correlations and comparison to Lund-
Mackay scoring. IFAR. 2013;3(12):963-72.

 Fernandez JS, Escuredo JA, Del Rey AS, Montoya FS. Morphometric study of [19]
the paranasal sinuses in normal and pathological conditions. Acta Otolaryngol. 
2000;120(2):273-78.

 Lee JY, Lee SW. Influence of age on the surgical outcome after endoscopic [20]
sinus surgery for chronic rhinosinusitis with nasal polyposis. Laryngoscope. 
2007;117(6):1084-89.

 Odaci E, Sahin B, Sonmez OF, Kaplan S, Bas O, Bilgic S, et al. Rapid [21]
estimation of the vertebral body volume: A combination of the Cavalieri 
principle and computed tomography images. European Journal of Radiology. 
2003;48(3):316-26.
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of the maxillary sinus in pediatric patients with nasal septal deviation. ENT 
Updates. 2105;5(3):107-12.


