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ABSTRACT 
Introduction The maxillary sinus is the first paranasal sinus to develop and is located on the right 
and left maxillary bones. It is one of the most significant sinuses because it has a huge impact in 
the field of dentistry. A large number of skeletal remains are unidentified with the gender 
unknown, especially in subadults. Maxillary sinus dimensions measurements can be of great 
importance while trying to differentiate between males and females. 
Aim The aim of the study is to estimate gender using maxillary sinus process height on the left 
side. 
Materials and Methods A total of 30 males and 30 females were included in this study. This cross 
sectional study was conducted in a private dental college. Panoramic radiographs, OPGs, CBCT, 
CT and lateral radiographs were analysed to determine the sex using maxillary sinus. The statistics 
were computed with SPSS version 23 software.  
Results For males, the lower limit was 17.89 and upper limit was 53.00 and the standard deviation 
being 31.2 ± 7.92. For females, the lower limit was 20.79 and upper limit was 30.78 and the 
standard deviation was 26.71 ± 2.61. 
Conclusion The height of the left maxillary sinus can be used as an aid in forensic anthropology 
for gender determination. 
KEYWORDS: Gender estimation, Height, Left side, Maxillary sinus process. 
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Introduction 
The maxillary sinus is the first paranasal sinus to develop and is located on the right and left 
maxillary bones. The sinus consists of two pyramidal shaped air filled cavities lined with mucosa 
[1]. It appears at the end of the second embryonic month and completes by the age of 18-20 [2] 
The shape and size of the maxillary sinus varies between each individual and genders, and in 
various populations [3]. The maxillary sinus stabilizes after the second decade of life and is reliable 
for measurements that can be achieved by radiographic images [4]. 
 
 It is one of the most significant sinuses because it has a huge impact in the field of dentistry. This 
is because they will be required to make a diagnosis relating to orofacial pain that may be sinogenic 
in origin. The maxillary sinus can often be absent or hypoplastic but it usually develops first. The 
molar teeth are in close proximity to the maxillary sinus. Sometimes,  ectopic canine teeth can also 
be related to the maxillary sinus. Growth of the sinus continues through life by a process called 
pneumonisation. The average dimensions of the maxillary sinus are 36–45 mm in height, 23–25 
mm in width, and 38–45 mm in length [5]. 
 
A large number of skeletal remains are unidentified with the gender unknown, especially in 
subadults [6][7]. Various anatomical landmarks have been studied such as menton and gonion, but 
the teeth and their measurements are the most reliable method in individuals whose secondary 
sexual characteristics have not yet developed. Teeth, followed by skeletal remains have been used 
for sex determination of an individual as bones of the body are last to perish after death, next to 
enamel [8]. 
 
 In cases of burn victims in mass disasters, or when a body is in fragments or badly decomposed, 
radiography is used in forensic pathology for the identification of humans especially in cases where 
the body is decomposed, fragmented or burned. The skull, pelvis and femora are the most useful 
for the radiological determination of gender [9]. Next to the pelvis, the skull is the most easily 
sexed portion of the skeleton, but the determination of sex from the skull is not reliable until after 
puberty [10]. 
 
Maxillary sinus dimensions measurements can be of great importance while trying to differentiate 
between males and females. The radiographic images could provide adequate measurements for 
maxillary sinuses that cannot be approached by other means. Apart from using the maxillary sinus 
process height, it has been reported that computerized tomography is a suitable imaging method 
in the identification of unknown human remains and presents a lot of advantages as compared with 
conventional radiographs [9].  
 
CT scans are an excellent imaging modality used to evaluate the sinonasal cavities as they provide 
three dimensional information and more times than not, an accurate assessment of the paranasal 
air sinuses [9]. Hence, morphometric analysis of maxillary sinuses can assist in gender 
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determination. Thus, the aim of this study is to determine the sex using maxillary sinus process of 
the left side. 
 
Materials and methods 
The research was approved by Saveetha Dental College, Chennai, Tamil Nadu. This study was 
conducted in the department of Forensic Odontology and the radiographs were collected from the 
archives of the department of Oral Medicine and Radiology, Saveetha Dental College and 
Hospitals, Chennai. The samples were segregated according to their date of birth and date of 
radiograph taken. In total, 60 subjects were taken out of which, 30 males and 30 females in the age 
group of 30 to 60 were chosen for the original study. The inclusion criteria was the presence of all 
teeth and subjects with the third molar were also included. Panoramic radiographs, OPGs, CBCT, 
CT and lateral radiographs were analysed to determine the sex using maxillary sinus. The included 
radiographs should have fully formed left and right maxillary sinus, with proper density, contrast, 
and clarity. However, radiographic images of maxillary sinus with pathological malformations, 
distorted OPGs, and images with errors were excluded.  
Randomisation of all 60 samples were performed to ensure that the study was blind. Two different 
observers analyzed the samples to decrease the probability of errors.   
To assess these data, chi square test, descriptive statistics and standard deviation were performed. 
The significance level considered in the statistical analysis was 5% (p≤ 0.05). 
 
Results  
The evaluation of the observer data obtained by descriptive statistics showed that for males, the 
lower limit was 17.89 and upper limit was 53.00 and the standard deviation being 31.2 ± 7.92. For 
females, the lower limit was 20.79 and upper limit was 30.78 and the standard deviation was 26.71 
± 2.61. This is tabulated in figure 1. In graph 1, the error graph of males and females are plotted. 
 

 
 
Table 1- The above table shows the mean standard deviation of maxillary sinus in females and 
males. 
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Graph 1 - The above graph shows the error graph of the mean maxillary sinus height of males and 
females. 
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Figure 1 , 2 - The above figures depict the anatomy of the maxillary sinus and an OPG depicting 
the left maxillary sinus height. 
 
Discussion  
Identification of gender is one of the most important procedures in forensics as it helps to identify 
unknown victims. Structures like the pelvis and skull play a vital role in sex determination. This 
current study was designed to check for the reliability of using maxillary sinus height on the left 
side as a tool used for gender identification. 
 
A study conducted in 2015, observed that the female group had statistically significant lower 
values for both the left and right maxillary sinus in context to the length, height and width 
dimensions. The final result of discriminative analysis shows that the ability of the maxillary sinus 
to identify gender was 68% in males and 74% in females with an overall accuracy of 71% [11].  
Compared to this, our study has taken in account only the left side and similarly, the female group 
had statistically significant lower values when compared to its male counterpart.  
 
In a study conducted by Ayeesha, there was statistical insignificance in the comparison between 
male and female groups on both the right and left sides with respect to the maxillary length, height, 
area, volume and perimeter. However, the female group showed statistically significant higher 
values for left maxillary sinus with a p-value of 0.04. In the study, it was noted that the left 
maxillary sinus height was found to be the best parameter that could be used to study sexual 
dimorphism with an overall accuracy of 60% [1]. 
 
Another study noted that the mean sinus height of maxillary sinus for male was 36.72 mm left side 
which was not significantly (p > 0.05) greater than that of females with 34.63 mm for left side. 
This shows that the value is greater for males than females. 65.1% of males and 68.9% of females 
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were sexed correctly and the overall percentage for sexing maxillary sinuses correctly was 67.03% 
[12].  
 
Similarly in a different study, for female subjects, the mean height of the left maxillary sinus was 
28.78 mm and the height of the right maxillary sinus was 27.71 mm. Male subjects were found to 
have the mean height of the left maxillary sinus 30.99 mm and right maxillary sinus was 30.74 
mm. There was a statistically significant difference in the height of maxillary sinuses between the 
two genders. It was concluded that maxillary sinuses height on panoramic radiographs can be used 
to determine the gender of adult human subjects [13]. 
 
With respect to various ethnicities, Fernandes et al, examined CT scans of 53 dried skulls of Zulu 
and Europeans. However, no sexual significant difference for the maxillary sinus width was 
observed. On the other hand, maxillary sinus depth, height and volume showed significant 
differences between the sexes. The discriminant analysis shows 90% ethnic prediction, while 
gender prediction was ultimately 79% [14]. A study was conducted on 24 dried skulls of Nigerians 
and the height, width, depth and volume of each of the sinuses were determined. In all the paranasal 
sinuses, the right side was found to be larger than the left except for the maxillary sinus height 
where the left side was found to be larger [15]. 
 
The variations of results of maxillary air sinus in the above mentioned studies are  due to 
combination of many factors like ethnic and racial groups, difference in body stature, skeletal size, 
height and physique of an individual; sample size, Genetic and Environmental factors; Anatomical 
variations of sinus; difference in Osteoclastic and Osteoblastic activity and pneumatization process 
of sinus in different age and sex groups or past infections. 
 
The limitation of this study included the small sample size due to the stringent inclusive and 
exclusive criteria of the study. Further studies are needed to conduct these analyses on a larger 
population. Another limitation of the present study was that the samples were randomly selected. 
Further studies can be conducted by statistically determining the sample size and using an accurate 
statistical formula.  
 
Conclusion  
The results of the current study showed that the maxillary exhibits anatomic variability between 
genders, as the male group showed statistically significant higher values for left side maxillary 
sinus height. Therefore, the height of the left maxillary sinus can be used as an aid in forensic 
anthropology for gender determination.  
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