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ABSTRACT

Sex  estimation  is  an  important  part  of  forensic  human 
identification,  and  when  primary  methods  cannot  be 
applied,  forensic  anthropology  becomes  an  important 
auxiliary method of identification. The maxillary sinus may 
remain  intact  even  if  the  skull  is  severely  damaged  and 
could thus be used in forensic investigations. The objective 
of  this  study  was  to  verify  the  effectiveness  of  the 
evaluation  of  the  maxillary  sinus  as  a  technique  for  sex 
estimation.  Articles  published  in  the  past  10  years  were 
searched  using  PubMed,  Web  of  Science,  Scopus,  and 
Cochrane  databases,  including  those  that  used  computed 
tomography to perform maxillary sinus measurements with 
the  purpose  o f  sex  es t imat ion .  S tud ies  that  used 
radiographs  to  perform  the  measurements  were  excluded 
because they do not allow for a three-dimensional analysis. 
Studies  that  did  not  provide  information  regarding  the 
origin of the analyzed population were also excluded. The 
selected articles were evaluated for methodological quality 
according  to  the  indication  of  the  objective,  studied 
population, inclusion and exclusion criteria, parameters for 
obtaining the computed tomography image, measurements 
evaluated, bias discussion, and ethical authorization. From 
the  52  articles  found,  18  were  included.  The  populations 
studied  included  Indians,  Iraqis,  Iranians,  Egyptians, 
Brazilians,  French,  Dutch,  and  Turkish.  Height,  width, 
length,  and volume of  the maxillary sinus were measured. 
The  maxillary  sinus  can  act  as  an  auxiliary  tool  for  sex 
estimation in forensic investigations.


INTRODUCTION 
Human identification can be applied to living individuals, 
intact corpses, or human remains, and may employ several 
appropriate  methods.1  Evidence based on forensic  science 
is accepted in a judicial environment, playing an important 
role  in  identifying  individuals  who  cannot  be  recognized 
visually.2

The primary  methods  of  identification recognized by the 
International  Criminal  Police  Organization  (INTERPOL) 
are  fingerprint  analysis,  DNA,  and  forensic  odontology. 
Secondary  methods  of  identification  include  a  personal 
description  of  the  missing  person,  anthropological 
information,  circumstantial  evidence,  documentation,  and 
medical procedures performed.3  Thus,  in  cases  where the  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remains are decomposed or charred, when the 
DNA is  destroyed,  and  when  there  are  no 
previous dental records, forensic anthropology 
becomes  the  method  of  choice  to  assist  the 
identification process.4

Se x  e s t i m a t i o n  i s  t h e  f i r s t  s t e p  i n 
a n t h r o p o l o g i c a l  e x a m i n a t i o n , 5  s i n ce  i t 
represents  an  important  stage  in  the  post-
mortem  profile.6  In  this  sense,  the  evaluation 
of  the skeleton and its  remnants  can provide 
useful  information.  However,  acquisition  of 
the entire body is often impossible, with only 
isolated  parts  of  the  body  being  recovered.7 

Additionally,  there  are  situations  where  the 
skull itself is only partially recovered and not 
all  conventional  markers may be available for 
sex estimation.8 In such situations, evaluation 
of the maxillary sinus can be useful because its 
structure  can  remain  intact  even  if  the  skull 
and other bones are severely damaged.9

The maxillary sinuses are two cavities located 
in the maxillary bone that are filled with air. 
They  have  thin  walls  and  reach  maturity  in 
humans at approximately 20 years of age when 
most  permanent  teeth  are  fully  developed.9 

These  sinuses  may  have  variations  in  size, 
shape,  and  position,  not  only  in  different 
individuals but also on both sides of the same 
individual.10 Thus, this systematic review aims 
to answer the following question: is the use of 
maxillary  sinus  measurements  effective  in 
estimating an individual's sex?


MATERIAL  AND METHODS

Searches  were  conducted  without  language 
restriction for articles published in the last 10 
years  (2009-2018)  in  the  following  electronic 
databases:  PubMed,  Web  of  Science,  Scopus, 
and  Cochrane.  The  descriptors  used  were: 
“ m a x i l l a r y  s i n u s ” ,  “ p a r a n a s a l  s i n u s e s ” , 
“maxilla”,  “forensic  anthropology”,  “forensic 
dentistry”,  “sex”,  “sex  characteristics”,  “sex 
differentiation”,  and  “sex  determination 
analysis”, as shown in Table 1.

The  initial  selection  was  carried  out  by 
reading the titles and abstracts of the articles. 
W h e n  t h e s e  d i d  n o t  p r o v i d e  e n o u g h 
information  or  if  the  given  abstract  was  not 

available,  the  articles  were  downloaded  and 
read  in  full  to  assess  their  eligibility.  Studies 
found  in  more  than  one  database  were 
considered  only  once.  Manual  searches  were 
also  carried  out  on  the  reference  lists  of  the 
selected  articles  to  determine  if  any  studies 
were  not  found  by  previous  searches  of  the 
databases. The search and selection processes 
of  the  articles  were  carried  out  by  two 
researchers  and,  in  case  of  uncerta inty 
regarding  the  inclusion  or  exclusion  of  any 
particular  article ,  a  third  evaluator  was 
consulted until a consensus was reached.

To  be  selected,  studies  should  have  been 
conducted  in  accordance  with  the  following 
PICO  format :  P  (populat ion ) :  sub jects 
u n d e r w e n t  m a x i l l a r y  s i n u s  c o m p u t e d 
t o m o g r a p h y  (C T ) ;  I  ( i n t e r v e n t i o n ) :  
measurements  of  the  maxillary  sinuses  were 
performed;  C  (comparison ) :  comparison 
between the measurements was recorded; and 
O  (outcome ) :  ident i f icat ion  of  sex  was 
conducted.  The  fol lowing  were  excluded 
f rom  this  rev iew:  dupl icates ,  l i terature 
r e v i e w s ,  s t u d i e s  t h a t  d i d  n o t  p r o v i d e 
information  regarding  the  origin  of  the 
population  analyzed,  and  studies  that  used 
radiographs  to  perform  the  measurements, 
since  they  do  not  allow  three-dimensional 
observation of the maxillary sinus. 

This  is  because  the  measurement  of  the 
volume  of  the  maxillary  sinus  is  obtained 
from three dimensions (Fig. 1).

To evaluate the methodological quality of the 
i n c l u d e d  a r t i c l e s ,  a  s co r e  w a s  a p p l i e d 
according to Capitaneanu et al.11 (Fig. 2). The 
articles  were  evaluated  according  to  the 
ob ject ives ,  de f in i t ion  o f  the  examined 
p o p u l a t i o n ,  e s t a b l i s h e d  i n c l u s i o n  a n d 
exc lus ion  cr i ter i a ,  de f ined  parameters , 
measurements  recorded,  study  bias,  and 
ethical  authorization.  When the information 
requested  in  each  item  was  answered  with 
" y e s " ,  i t  w a s  s c o r e d  a s  " 1 " ,  w h i l e  t h e 
questions  where  "no"  was  obtained  as  an 
answer  were  scored  as  "0".  The  maximum 
score that could be achieved for each article 
was 11 points. 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Table 1. Electronic databases, research strategies, and number of results.


Figure 1. Flowchart to identify studies in which maxillary sinus measurements were carried out to 
determine sex.


Electronic 
databases Research strategies Total

PubMed

( ( ("max i l l a r y  s inus"  [MeSH  Terms ]  OR  "parana sa l 
sinuses"  [MeSH Terms])  OR "maxilla"  [MeSH Terms])  AND 
("forensic  anthropology"  [MeSH  Terms]  OR "forensic 
dentistry"  [MeSH Terms]))  AND ((("sex"  [MeSH Terms]  OR 
"sex  character i s t i c s "  [MeSH  Terms ] )  OR  "sex 
differentiation"  [MeSH  Terms])  OR "sex  determination 
analysis" [MeSH Terms]))

28

Web of Science
TS=((maxillary  sinus  OR paranasal  sinuses  OR maxilla)  AND 
(forensic  anthropology OR forensic  dentistry)  AND (sex OR 
sex differentiation OR sex characteristics))

19

Scopus

(TITLE-ABS-KEY (maxillary  AND sinus  OR paranasal  AND 
sinuses OR maxilla))  AND  (TITLE-ABS-KEY (forensic AND 
anthropology  OR forensic  AND dentistry))   AND  (TITLE-
ABS-KEY (sex  OR sex  AND differentiation  OR sex  AND 
characteristics))

5

Cochrane
"forensic  dentistry"  in  Title  Abstract  Keyword  OR “forensic 
anthropology” in Title Abstract Keyword AND "maxillary sinus" 
in Title Abstract Keyword OR "paranasal sinus" in Title Abstract 
Keyword AND "sex determination" in Title Abstract Keyword

0
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Figure 2. Criteria for research quality assessment. Source: Original article of Capitaneanu et al.(11) 

(Capitaneanu C, Willems G, Thevissen P. A systematic review of odontological sex estimation methods. J 
Forensic Odontostomatol. 2017;35(2):1–19.)

RESULTS 
The  searches  in  the  electronic  databases 
f o u n d  5 2  a r t i c l e s ,  o f  w h i c h  2 2  w e r e 
considered  eligible  after  reading  the  titles 
and abstracts.  After removing duplicates and 
applying the inclusion and exclusion criteria, 
18  articles  were  included in  this  review (Fig. 
1).

Table  2  il lustrates  that  the  results  of  the 
methodological  assessment  and  the  scores 
received by the studies varied between 512–14 and 
815–17  points.  All  the  studies  were  scored  in 
questions  about  the  objective,  population,  and 
inclusion  and  exclusion  criteria.  However,  six 
studies13,15,16,18–20 did not indicate the parameters 
used,  and therefore,  did not receive a  score in 
this regard. The discussion of bias was also not 
mentioned by any of the authors, and this item 
was  not  scored  in  the  methodological  scoring. 
Regarding the ethical approval of the research, 
nine  articles7,15–17,20–24  addressed  this  item  and 
were scored. 

Information  about  the  sample  size,  age  range, 
populations  studied,  measurements  recorded, 
and accuracy rate was extracted from the studies 
included  in  this  review  (Table  3).  The  sample 
size of the studies was varied from 302,19 to 28812 
individuals. Most authors conducted research in 

more than one age group, and only Kanthem et 
al.19 did not specify that point.

Regarding  the  studied  population,  there  was  a 
geographical diversity among the surveys, which 
included  participants  with  Indian,2,13,14,19,22,23 
Iraqi,18,21,24 Iranian,12,16,26 Egyptian,17,25 Brazilian,15 
French,20  Dutch27  and  Turkish7  or ig ins . 
Concerning  the  measurements  recorded,  some 
studies20,26 used only the volume of the maxillary 
sinus as a measure, although the height, length, 
and width of the maxillary sinus were the most 
frequently recorded measurements.

The  accuracy  of  sexual  estimation  was  not 
reported  by  three  authors;13,18,26  nevertheless, 
Jehan  et  al.13  explained  that  the  bizygomatic 
distance is considered a strong parameter to be 
used.  Some  studies  have  established  the 
anteroposterior  diameter  of  the  maxillary 
sinus7,14 and width of the left maxillary sinus21,23 
as  possible  choices  for  sexual  estimation, 
obtaining  the  maximum  values  ​​of  accuracy  of 
75.7%  and  61.3%,  respectively.  Other  gender-
discriminating variables were also defined, such 
as  the  height  of  the  maxillary  sinus16,24  and 
maximum  distance  between  the  left  and  right 
sinuses,12 with respective precision of 77.7% and 
65.6%, respectively. 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Table 2. Analysis of methodological scores

AUTHOR I II III IV V VI VII Total

Ahmed et al. (2015)21 1 1 2 0 2 0 1 7

Akhlaghi et al. (2017)12 1 1 2 0 1 0 0 5

Amin & Hassan (2012)25 1 1 2 1 1 0 0 6

Ekizoglu et al. (2014)7 1 1 2 1 1 0 1 7

Etemadi, Seylavi, & Yadegari (2017)26 1 1 2 1 2 0 0 7

Gamba et al. (2017)27 1 1 2 1 1 0 0 6

Gomes et al. (2018)15 1 1 2 1 2 0 1 8

Jasim & Al-Taei (2013)18 1 1 2 1 2 0 0 7

Jehan et al. (2014)13 1 1 2 0 1 0 0 5

Kanthem et al. (2015)19 1 1 2 0 2 0 0 6

Paknahad, Shahidi, & Zarei (2017)16 1 1 2 1 2 0 1 8

Prabhat et al. (2016)2 1 1 2 1 1 0 0 6

Radulesco et al. (2017)20 1 1 2 1 1 0 1 7

Sharma, Jehan, & Kumar (2014)14 1 1 2 0 1 0 0 5

Sherif et al. (2017)17 1 1 2 1 2 0 1 8

Tanushri et al. (2015)22 1 1 2 1 1 0 1 7

Urooge & Patil (2017)23 1 1 2 1 1 0 1 7

Uthman et al. (2011)24 1 1 2 0 2 0 1 7
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Table 3. Summary of selected articles


Study Subjects Age 
(years)

Population
’s origin

Measurements 
evaluated

Sex 
estimation 

accuracy (%)
Conclusion QAS

*

Ahmed 
et al. 
(2015)21

119 (M: 57

F: 62) 20–75 Iraqis

Length

Width

Height

61.3

The diameters of 
the maxillary sinus 

can be used as a 
complement for sex 

estimation.

7

Akhlagh
i et al. 
(2017)12

288 (M: 144

F: 144)

Older 
than 20 

years
Iranians

Maximum height

Anteroposterior 

diameter

Width


Distance 
between sinuses

56.2–65.6

In young adults, the 
parameters of the 

maxillary sinus had 
considerable value 

in sex 
determination, 
while in the age 
group above 50 

years, the sinus was 
small and 

insufficient for sex 
determination.

5

Amin & 
Hassan 
(2012)25

96 (M: 48

F: 48) 20–70 Egyptians

Anteroposterior, 
transverse, and 
cephalo-caudal 
measurements


Size

66.7

The cephalo-caudal 
measurement and 
the size of the left 
maxillary sinuses 
can be useful to 

support sex 
determination.

6

Ekizoglu 
et al. 
(2014)7

140 (M: 70

F: 70) 18–63 Turkish

Anteroposterior, 
transverse, and 
cephalo-caudal 

diameters

Volume

77.15

The dimensions of 
the maxillary sinus 
will be useful in sex 

determination.

7

Etemadi, 
Seylavi, & 
Yadegari 
(2017)26

70 (M: 35

F: 35)


Older 
than 18 
years

Iranians Volume Uninformed

The maxillary sinus 
volume does not 
serve as a definite 

and reliable 
indicator of sex.

7

Gamba 
et al. 
(2017)27

160 (M: 80 
F: 80) 20–60 Dutch

Height

Length

Width

75

The developed 
formula can be 

applied for sexual 
prediction as an 
auxiliary method 

for human 
identification in the 
Dutch population.

6
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Table 3. Continuation

Study Subjects Age 
(years)

Population
’s origin

Measurement
s evaluated

Sex 
estimation 

accuracy 
(%)

Conclusion QAS
*

Gomes 
et al. 
(2018)15

94 (M: 45

F: 49)
 20–35 Brazilians

Height

Length

Width


Distance 
between the 

maxillary 
sinuses


Distance 
between the 
infraorbital 

foramina

Volume

84

The formula 
presented an accuracy 

of 84% for sex 
estimation and can be 

applied as a 
complementary 

method of human 
identification in the 
Brazilian population.

8

Jasim & 
Al-Taei 
(2013)18

120 (M: 60

F: 60)
 40–69 Iraqis

Volume

Width

Depth

Height

Uninformed

The volume and 
dimension of the 

maxillary sinus were 
greater in males then 

females. Maxillary 
sinus measurements 

with CT could be 
useful to support sex 
and age estimation.

7

Jehan et 
al. 

(2014)13

191 (M: 
106


F: 85)
 20–70 Indians

Bizygomatic 
distance


Intermaxillary 
distance


Anteroposterior 
dimension


Width

Uninformed

Bizygomatic distance 
measurements and 
dimensions of the 

maxillary sinus can be 
useful to support sex 

determination in 
forensic medicine 

when other methods 
are inconclusive.

5

Kanthem 
et al. 
(2015)19

30 (M: 17

F: 13) - Indians

Height

Depth

Width

Volume

15–85.4

The dimensions of 
the maxillary sinus, 

especially the volume 
on the right side, are 
valuable in the study 

of sexual dimorphism.

6

Paknahad, 
Shahidi, 
& Zarei 
(2017)16

100 (M: 50

F: 50) 20–54 Iranians

Height

Width

Length

76

Maxillary sinus 
measurements can be 
used as an additional 

tool for sex 
determination.

8

Prabhat 
et al. 
(2016)2 

30 (M: 15

F: 15)
 20–50 Indians

Length

Width

Height

Volume

83.3

The length, width, 
height, and volume of 

the maxillary sinus 
can be used to predict 

sex.

6
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DISCUSSION

Sex estimation is  an important part  of  forensic 
human  identification.  However,  there  may  be 
situations in which primary techniques cannot be 
employed as a result of  post-mortem  degeneration 


of the human body20 in addition to the absence of 
dentition.  Evaluation of the maxillary sinus can 
emerge  as  a  v iable  methodology  for  sex 
estimation in such situations.28 

Table 3. Continuation

Study Subjects Age 
(years)

Populatio
n’s origin

Measurements 
evaluated

Sex 
estimation 

accuracy 
(%)

Conclusion QAS
*

Radules
co et al. 
(2017)20 

103 (M: 50

F: 53) 13–97 French Volume 68

The volume of the 
maxillary sinus can be 

useful for sex 
estimation in forensic 

medicine

7

Sharma, 
Jehan & 
Kumar 
(2014)14 

102 (M: 61

F: 41) 20–60 Indians

Anteroposterior 
dimension


Width

Height

Volume

67

The volume and 
dimensions of the 
maxillary sinus can be 
useful for sex 
identification

5

Sherif et 
al. 

(2017)17 

100 (M: 
50


F: 50)
18–60 Egyptians

Maximum 
craniocaudal 

diameter (CCD)

Maximum width

Average width


Maximum depth

Intermaxillary 

distance

72-76

The maxillary sinus 
shows the highest 
level of accuracy in 

estimating sex.

8

Tanushr
i et al. 
(2015)22 

40 (M: 20

F: 20)
 20–60 Indians

Width

Height

Length
 67

The length, width, 
and height of the 
maxillary sinuses 

predict an individual's 
sex with a reasonable 

degree of accuracy.

7

Urooge 
& Patil 
(2017)23 

100 (M: 
50


F: 50)
 20–50 Indians

Width

Length

Height

Area


Perimeter

Volume


71

The female group 
showed statistically 
significant higher 

values for the width 
of the left maxillary 
sinus, but the other 

parameters showed no 
significant difference 

between sexes.

7

Uthman 
et al. 
(2011)24 

88 (M: 43

F: 45) 20–49 Iraqis

Width

Length

Height


Distance 
between both 

sinuses

73.9

The CT images can 
provide adequate 

measurements for the 
maxillary sinuses.

7
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Measurement of the dimensions of the maxillary 
sinus  can  be  performed  with  great  speed  and 
accuracy with a CT scan29. One of its advantages 
is  that  there  is  no  overlapping  of  structures 
outside  the  plane  of  interest.  Additionally,  the 
availability of ante-mortem tomographic films can 
offer useful elements for the exact reproduction 
of the examination after death.30

When different age groups are studied, different 
results  are  obtained.  According  to  a  previous 
study,  younger  individuals  may  have  larger 
maxillary sinus dimensions,22 while another study 
reported  no  difference  in  the  sinus  dimensions 
related to age and the measurements evaluated.20 

The maxillary sinus is known to increase in size 
throughout childhood and adolescence, but there 
are  still  very  few  detailed  descriptions  of 
subsequent  changes  in  adults  and  the  elderly.31 
Moreover, advanced age is not necessarily related 
to  tooth  loss,  but  studies  usually  consider  only 
the patient's age, forgetting an important factor, 
which is edentulism. Thus, it is relevant that the 
status  of  the  dentition  is  cited,  since  sex 
estimation  through  evaluation  of  the  maxillary 
sinus  without  the  presence/absence  of  teeth 
being  included  in  the  analysis,  is  not  entirely 
possible.32 

Regarding  the  measurements  evaluated  in 
patients  with  dentate  and  edentulous  jaws, 
different values ​​can be found in the literature for 
each dimension analyzed. Some studies18,33 claim 
that  there  are  no  differences  in  values  ​​ for  the 
volume, width, and depth of the maxillary sinus, 
while  greater  measurements  were  obtained  for 
the height in individuals  with tooth loss.18  It  is 
known that the extraction of a posterior dental 
unit  stimulates  more  severe  resorption  of  the 
alveolar  crest  promoted  by  the  absence  of 
masticatory  function.34  In  addition,  the  initial 
bone  remodeling  that  occurs  during  alveolar 
ossification promotes new bone organization in 
the  edentulous  region,  whereas  an  increase  in 
tooth loss and consequent less bone stress drives 
its  degradation.  Thus,  dentition  affects  the 
pneumatization of the maxillary sinus and is also 
related to the presence of oral atrophy.32 


The  studies  selected  for  this  review  analyzed 
several  measurements  of  the  maxillary  sinus  to 
determine  the  accuracy  of  each  of  them  in 
estimating sex.  The vast  majority of  the results 
demonstrated  that  the  dimensions  of  the 
maxillary  sinuses  were  larger  in  males  than  in 
females.(2,7,20–22,24–27,12–19) This was explained 
initially by the fact that men require larger lungs 
to  support  their  relatively  larger  muscles  and 
body organs. Moreover, physiological changes in 
the  size  and  shape  of  the  nasal  cavity  occur 
because  of  the  necessity  of  breathing,  such  as 
heating and humidifying the inhaled air. Thus, by 
occupying  the  remaining  space  within  the 
nasomaxillary  complex,  the  maxillary  sinus  also 
increases in size.14 

The variations in the identified accuracy rates 
(15%,19  61.3%,  and21  84%15)  can  be  motivated 
b y  d i f f e r e n t  a s p e c t s .  Fi r s t ,  t h e  g r e a t 
geographical  diversity  in  the studies  included 
in  this  review  can  be  noted,  as  populations 
from India,  Iraq,  Iran,  Egypt,  Brazil,  France, 
the Netherlands, and Turkey were analyzed. In 
a  m o r e  h e te r o g e n e o u s  p o p u l a t i o n ,  f o r 
example,  the  Brazilian  population,  sexual 
d imorphi sm  i s  ea s ie r  to  ident i f y  when 
compared  to  more  homogeneous  population 
groups, such as the Europeans. Thus, it should 
be  borne  in  mind  that  each  population  has 
distinct  morphological  characteristics,  being 
influenced by both genetic and environmental 
factors.27 In addition, the accuracy values ​​can 
also  be  impacted  by  elements,  such  as  bone 
fragment conditions,33 the methodological and 
s t a t i s t i c a l  a n a l y s e s  a d o p te d ,  d i f f e r e n t 
radiographic  techniques,  and  unequal  sample 
sizes.16

CONCLUSIONS

The  measurement  of  the  maxil lar y  sinus 
dimensions  can  serve  as  an  auxiliary  method 
for estimating sex, but should be applied with 
caution, since its efficacy may vary because of 
various  factors ,  such  as  the  population, 
conditions  in  which  the  maxillary  sinus  was 
found, and radiographic techniques adopt 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