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ABSTRACT

Aim: This study was designed to evaluate the possible variation in dimensions 
of maxillary sinuses in Egyptian population using CBCT. Subjects and Methods: 
120 CBCT of bilaterally maxillary sinuses of adult Egyptians of both sexes with 
ages ranging from 20 to 50 years were randomly selected. Then CBCT images were 
grouped according to gender, age and side. Three measurements in millimeters (width, 
depth, height), were taken on the axial and coronal cross sections. Results: Right and 
left height was statistically significant difference in male group than in female group 
(P<0.005). There was not statistically significant difference in dimensions between any 
age group and any another age group. It was difference between right and left sides of 
maxillary sinus, but this difference was not statistically significant. Conclusion: mean 
values of maxillary sinuses dimensions of males were found to be larger than these 
of females and this difference was statistically significant only for height dimensions.

INTRODUCTION

Maxillary sinus is a pneumatic space with its base adjacent to the 
nasal wall and apex pointing to the zygoma. It is the largest bilateral air 
sinus located in the body of the maxilla and opens in the middle nasal 
meatus of the nasal cavity with single or multiple openings. It varies 
greatly in size, shape, and position not only in different individuals (1)

Maxillary sinus is located in the left and right maxillary bones and 
consists of two air filled cavities lined with mucosa.  Maxillary sinus 
tends to appear at the end of the second embryonic month and complete 
by the age of 18 to 20 years. The primary components of any skeletal 
analysis in forensic sciences are age and sex determination. (2)

Considering the complex structure of maxillary sinus, diagnostic 
methods like magnetic resonance imaging (MRI) and computed 
tomography (CT) are used as gold standard to evaluate the true anatomy 
of sinuses. (3)
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In addition, cone beam computed tomography 
provides high resolution images in three dimensions 
with low radiation dose. Accuracy of the studies 
evaluates anatomic structures of the maxillofacial 
region progress with the development of cone beam 
computed tomography systems.(4) 

  METHODOLOGY

   The present study was performed as a 
retrospective analysis of 120 CBCT images of 
bilaterally maxillary sinuses of adult Egyptians of 
both sexes. Images were randomly selected from 
oral radiology department at faculty of dentistry of 
Minia University, South Valley University and other 
private radiographic centers. 

Inclusion criteria:

1. Images of patient were including posterior teeth 
in both sides in all CBCT images.

2. Images were covered the entire extent of the sinus 
with all boundaries. (5)

Exclusion criteria

1. Images not covered the entire extent of the sinus. (1)

2- Images with existing sinus pneumatization or 
sinus augmentation or other kinds of maxillary 
sinus surgery. (6)

Grouping of CBCT Images:

According to gender:

 Group A:  sixty CBCT images of male patients.

Group B:  sixty CBCT images of female patients.

According to age:

Group 1:  forty CBCT images aged from 20 
years to 30 years

Group 2:  forty CBCT images aged from 30 to 
40 years

Group 3:  forty CBCT images aged from 40 to 
50 years

According to side:

Group I:  120 CBCT images of right side

Group II:  120 CBCT images of Left side

Radiographic evaluation of maxillary sinus:

  The collected CBCT images were extracted from 
its capturing software and imported as (DICOM) to 
image reconstruction. Two independent observers 
(used these DICOM files and entered it in Blue sky 
bio software viewer for measuring dimensions of 
maxillary sinus in millimeters. (5)

The depth in millimeters was measured  as :

  The longest distance from the most anterior 
point to the most posterior point of the medial wall 
in the axial view as showing in (figure 1: A). 

The width in millimeters was measured as :

  The longest distance perpendicular from the 
medial wall of the sinus to the most lateral wall of 
the lateral process of the maxillary sinus in the axial 
view as showing in (figure1: B). 

The height in millimeters was measured as:

    The longest distance from the lowest point of 
the sinus floor to the highest point of the sinus roof 
in the coronal view(7)  as showing in (figure1:C).

Statistical Analysis: 

The data were collected, tabulated and statisti-
cally analyzed

RESULTS

Right and left height was statistically significant 
difference in mean values of dimensions of male 
group than in female group (P<0.005). There was 
not statistically significant difference in mean 
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values of dimensions between any age group and 
any another age group. It was difference in mean 
values of dimensions between right and left sides 
of maxillary sinus but this difference was not 
statistically significant.

Table (1): Showing that; higher mean values 
were recorded in males compared with females. 
.Right and left height was statistically significant 
difference in male group than in female group 
(p<0.05)

Table (1): Illustrating mean (M) ± SD of the three 
dimensions in mm (width, depth, height) of both 
maxillary sinus in males and females  

Dimension

Male    A Female   B
P-value

M ± SD M ± SD

RT Width 25.7 ±3.1 24.9       ±3.8             0.26  NS         

RT Depth 32.4 ±2.5 31.8            ±3.2              0.24   NS           

RT Height 35.8 ±4.8 30.6          ±4.5  <0.0001*       

LT Width 24.7 ±3.6 24.8              ±4.9               0.62  NS       

LT Depth 31.5 ±3.2 31.1  ±3.1   0.45  NS          

LT Height 37.3 ±4.3 30.1 ±3.6 <0.0001*      

*Significant(P<0.05) NS:non-significant (P>0.05)   

Table (2): showing that; there was no statistically 
significant difference between (group 1) and 
(group 2) in the mean values of all maxillary sinus 
dimensions in both sides due to (P>0.05) in all 
comparisons, all the remaining comparisons of 
age groups were revealed the same result due to 
(P>0.05) in all the remaining comparisons of age 
groups.

Table (2): Illustrating mean(M) ± SD of  of the three 
dimensions in mm (width, depth, height) of both 
maxillary sinuses between age groups 1 and 2.

Dimension
   Group1    Group2 

P-value
M ± SD M ± SD

RT Width 24.8 ±4.5 25.1  ±3.9 0.38NS

RT Depth 32.2 ±2.7 32.3   ±2.9  0.94NS

RT Height 33.5 ±5.1 34.1   ±5.7  0.65NS

LT Width 24.6 ±4.04 24.5 ±4 0.96NS

LT Depth 31.4 ±2.1 31.6   ±3.6   0.79NS

LT Height 33.2 ±4.1 34.6 ±5.8  0.23NS

*Significant(P<0.05) NS:non-significant (P>0.05)   

Fig. (1)  A: depth of maxillary sinus, B: width of maxillary sinus, C: height of maxillary sinus
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DISCUSSION 

In the present study, the dimensions of maxillary 
sinus was evaluated by CBCT imaging because this 
technology has achieved considerable reduction 
of absorbed radiation doses compared to medical 
CT imaging and a bit similar to dental panoramic 
radiography. Field of view limitations have further 
reduced the effective dose. Standard dental protocol 
scans using traditional CT delivers 1.5–12.3 times 
greater radiation than comparable medium field of 
view dental CBCT scans.  . (8)

The dimensions of maxillary sinus including 
depth, width and height were selected to evaluation 
in the present study due to the clinical significant 
of maxillary sinus with dental implant placement 
and bone augmentation. Maxillary sinuses were 
divided previously into three defined anatomical 
classes according to sinus depth in to: class I (above 
the hard palate), class II (0–6 mm below the hard 
palate) and class III (> 6 mm below the hard palate). 
Maxillary sinus depth is an important anatomical 
parameter that has to be continuously evaluated by 
the clinician in the course of preprosthetic treatment 
planning. Depending upon the sinus class, different 
treatment regimens may be at disposal: in sinuses 
belonging to class I, with little sinus depth and only 
slightly reduced ridge height, dental implants may 
usually be placed without prior sinus augmentation. 
This clinically easy class might be expected in a 
quarter of the patients without the need for sinus 
augmentation. In sinuses belonging to class II and 
III, with greater sinus depth and moderately to 
severely reduced ridge height; sinus augmentation 
is indicated prior to dental implant placement unless 
ultra-short implants are being used. Alveolar height 
was significantly influenced by the sinus class: the 
average residual ridge height gradually decreased 
with increasing sinus depth from class I to class III. 
This can be attributed to the greater extension of the 
maxillary sinus into the alveolar process, resulting 
in a reduction of the ridge height. ( 9)

In the present study comparison between human 
Egyptian males and females within the same 
age range of maxillary sinus dimensions were 
performed. Higher mean values were recorded in 
males compared with females, as the followings: 
the mean value of the maximum right and left width 
dimensions of maxillary sinus in male was larger 
than female but without statistically significant 
differences. The mean value of right and left 
depth dimensions of maxillary sinus in male were 
larger than female with no statistically significant 
differences. The mean value of right and left height 
dimensions of maxillary sinus in male were larger 
than right and left height dimensions of maxillary 
sinus in female group with statistically significant 
difference. These finding were in agreement with 
other results; they concluded that; right and left 
height of MS in   female were found to be smaller 
than those of male with statistical significant 
differences.  (10)

Also the result were in accordance with 
other findings that revealed the mean of width of 
maxillary sinus for male was (24.7 mm) for the 
right side and (25.6 mm) for the left side. Female 
had statistically significant lower values for both 
right and left sides (22.7 and 23 mm), respectively. 
The   mean value length of maxillary sinus for male 
was (39.3 mm) for the right side and (39.4 mm) for 
the left side which was greater than that recorded 
for female (36.9mm) for the right and (37mm) for 
the left and with statistically significant difference. 
Also the mean value for the sinus height recorded 
for male was (43.3mm) for the right side and (45.1) 
for the left side which was significantly greater than 
that recorded for female (39.9mm) for the right side 
and (40`mm) for the left side. So the maxillary sinus 
exhibits anatomic variability between genders. A 
significant sex difference was found in relation to 
maxillary sinus width, length, and height. Among 
these parameters, the left maxillary sinus height was 
the best discriminate variable between genders. (11)

The results of present study regarding a higher 
mean values in maxillary sinuses in males compared 
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with females. From physiological point of view two 
explanations can be offered to explain why males 
have larger maxillary sinuses dimensions than fe-
males the firstly was based on males need to have 
correspondingly bigger lungs to support their rela-
tively more massive muscles and body organs.(12) 
The second cause was attributed to the males need 
a larger airway, which begins with the nose and na-
sopharynx. In other words, physiological changes in 
nasal cavity size and shape occur as a direct result of 
respiration-related needs, such as warming and hu-
midifying inhaled air. As the maxillary sinus occu-
pies the remaining space within the naso-maxillary 
complex, it also increases in size. (13)

On the other hand, the results of the present 
study were in contrast with other finding: which 
showed that; female revealed greater values of 
left MS width than males group which statistically 
significant. The comparison between male and 
female groups showed statistically insignificant 
differences on both the right and left sides with 
respect to the MS length, height, area, volume and 
perimeter. However, the female showed statistically 
significant higher values for left side MS width. (14) 

In the present study ages of populations 
subjected to evaluation start from twenty years old   
and not exceed the fifty years old and were divided 
into three groups. According to finding of the 
present study; there was no statistically significant 
difference between age groups.  This results might 
be explained by two causes, the firstly is due to 
exclusion any scans that having any extracted tooth 
in both upper sides to avoid any pneumatization 
to occur. This result was in parallism with other 
study which showed that; the individuals images 
included in his study did not exhibit a proportionate 
distribution for age, and missing teeth is one of the 
exclusion criteria; for this reason, varying results 
can be observed in comparison to other studies. 
Different results may be related to the different age 
distributions of the samples and dentition status of 
the individuals. The alteration in adult maxillary 

sinus dimensions volume with aging may be related 
to the loss of maxillary posterior teeth. (15)   The 
second cause was attributed to restriction of sample 
of population in the present study in age between (20-
50) years old which in middle age population, the 
pneumatization of the sinus ends with the complete 
eruption of the third molars at age of twenty. In 
addition; over age of 50 year; bone changes begin 
to occur as in the cortical bone, there was a little 
amount of Volkmann’s and Haversian channels and 
nearly all osteoblasts were hollow. In the cancellous 
bone the trabeculae were thin, allowing ample 
medullary space, frequently engaged by adipocytes 
and fat cells leading to bone resorption. (16)

In a study about age-related morphological 
changes of the maxillary sinus which performed 
on 70 cases (36 males and 34 females, mean: 45.4 
years) include each ten cases from the second to 
seventh decade, six cases in the eighth decades and 
four cases in the ninth decades. They showed that; 
the poster-anterior, medial-lateral diameters and the 
area had their  peaks in approximately the third to 
fifth decades. From these results it can be suggested 
that there is a turning point in the size change of the 
maxillary sinus around 50 years of age. (17)

In contrast to these previous studies which about 
the age changes of maxillary sinus dimensions 
there was found another study about morphometric 
examination of the Para-nasal sinuses and mastoid 
air cells using computed tomography, which 
performed on 91 cases (47 men and 44 women) 
ranged in age from 5 years to 55 years. They 
concluded that; the volumes and dimensions of 
the Para-nasal sinuses and volume of mastoid air 
cells were reported to increase with age. Also the 
dimensions of Para-nasal sinuses and volumes of 
mastoid air cells increase regularly with age in both 
sexes. This contractility could be attributed to wide 
range of age in the study. ( 18)

Also in the present study regarding comparison 
between the right and left side of maxillary sinus 
dimensions (width, depth, height) within the same 
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image person revealed that; it was no statistical 
significant difference between right and left 
maxillary sinus. The same result were obtained 
by other a study, they found that; maxillary sinus 
volume between left and right sides were not 
statistically significant.(19) In addition, measurement 
of maxillary sinus volume and dimension in 
correlation to the age and gender a comparative 
study among individuals with dentate and edentulous 
maxilla showed that; the mean values of the right 
and left maxillary sinus volume, width, depth and 
height showed no significant difference between 
the right and left side for the four variables if both 
side were considered together. This study showing 
that; association of maxillary sinus measurements 
with the age regarding age grouping, the four 
variables (volume, width, depth and height) showed  
significant difference among the three age group, 
where all of them found to decrease with the age 
in both dentate and edentulous group.  The volume 
decrease with the age might be related to skeletal 
size and physique. (20)

CONCLUSIONS

From results of this study, dimensions of 
maxillary sinus in males were larger than in females 
with statistically significant difference in height 
dimension, no statistically significant difference 
between studied groups regarding the age that may 
be due to the sample selection was in middle age and 
due to absence of upper posterior missing teeth, and 
lastly no statistically significant difference between 
right and left sides of maxillary sinus dimensions in 
the same individual image.  
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المخروطية في المجتمع المصري
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: الملخص 

فيما  المخروطية  الأشعة  باستخدام  المصريين  السكان  في  الفكية  الجيوب  أبعاد  في  المحتمل  التباين  لتقييم  الدراسة  هذه  تصميم  تم  الهدف: 
والجانبين. والجنس  بالعمر  يتعلق 

تتراوح  الذين  الجنسين  كلا  من  البالغين  للمصريين  الثنائية  الفكية  الجيوب  من  مخروطي  اشعاعى  مقطع   120 اختيار  تم  والاساليب:  المواد 
أ:  المجموعة  للجنس:  وفقًا  والجانب.  والعمر  الجنس  حسب  مخروطيه  اشعاعيه  صور  تجميع  تم  ثم  عشوائي.  بشكل  عامًا   50 إلى   20 بين  أعمارهم 
 :1 المجموعة  للعمر:  وفقًا  الإناث.  من  للمرضى  مخروطيه  اشعاعيه  صورة  ستون  ب:  والمجموعة  الذكور  للمرضى  مخروطيه  اشعاعيه  صورة  ستون 
من  أعمارهم  تتراوح  مخروطيه  اشعاعيه  صورة  أربعون   :2 المجموعة  عامًا،   30 إلى  عامًا   20 من  أعمارهم  تتراوح  مخروطيه  اشعاعيه  صورة  أربعون 
صورة   120 الأولى:  المجموعة  للجانب:  وفقًا  عامًا.   50 إلى   40 من  أعمارهم  تتراوح  مخروطيه  اشعاعيه  صورة  أربعون   :3 والمجموعة  عامًا   40 إلى   30
)العرض،  بالمليمترات  قياسات  ثلاث  أخذ  تم  الأيسر.  للجانب  المخروطية  بالأشعة  صورة   120 الثانية:  والمجموعة  الأيمن  للجانب  مخروطيه  اشعاعيه 

الأطول. المسافات  قياس  يمكن  حيث  والإكليلي،  المحوري  العرضي  المقطع  على  الارتفاع(  العمق، 

فروق  هناك  يكن  لم   .)P <0.005( الإناث  مجموعة  في  عنها  الذكور  مجموعة  في  إحصائية  دلالة  ذات  فروق  والأيسر  الأيمن  الطول  كان  النتائج: 
الفرق بين الجانبين الأيمن والأيسر من الجيب الفكي، لكن هذا الاختلاف  ذات دلالة إحصائية في الأبعاد بين أي فئة عمرية وأي فئة عمرية أخرى. كان 

إحصائية. دلالة  ذا  يكن  لم 

إحصائية  دلالة  ذا  الاختلاف  هذا  وكان  بالإناث  الخاصة  تلك  من  أكبر  للذكور  الفكية  الأنفية  الجيوب  لأبعاد  المتوسطة  القيم  أن  وجد  الخلاصة: 
الارتفاع لأبعاد  فقط 

اشعاعيه.  مقاطع   ، المجتمع   ، الجنس  تحديد  المخروطية،   المقطعية  الأشعة  الأنفي،  الجيب  المفتاحية:  الكلمات 


