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Abstract

Frontal sinuses are paired lobulated cavities located posterior to the
superciliary arches in the frontal bone and each frontal sinus opens in
to the corresponding middle meatus via the infundibuum. They are
radiographically visble after 5 years of age and reach their maximum
sze at the age of 20. The am of this study was to evauate the
prevalence and morphological characteristics of the frontal sinus in an
adult population. This study was conducted retrospectively on the
paranasal CT scans of 2 mm thickness in the axial and corond planes
of 300 cases (123 male and 177 female) taken by a Siemens Emotion
Tomography Machine. No apparent snonasal pathology was present
in the CT scans used for the study. The mean age of the cases was
40.74+ 13.34 (range 20- 83). All evauations and measurements were
done together by two radiologists with a Dicom viewer program
Measurements of the width, height and antero-posterior length for
each sinus and total width were obtaned from CT scans.
Measurements were conmpared statistically with relation to side and
gender. In addition, cases were divided in to subgroups according to
age for each gender and each measurement parameter was aso
compared among the subgroups. All measurements tended to be
larger in the left sde and were sgnificartly larger in males than
females. There was a significant difference in antero-posterior length
for both sexes and height for maeles and width for females between the
two sides. Regardless of sex, the highest values of measurements
were observed at the subgroup of 31-40 age and there was a tendency
to decrease with aging. The size of the frontal sinus is related to side,

gender and age.
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Frontal siniisler, frontal kemikteki siipersilier arklarm arkasma
yerlesmis  loblara  ayrimis  bosluklardr  ve her frontal — sinus,
infundibulum yoluyla ilgili orta kulaga acilr. Onlar radiyolojik olarak
5 vyasmdan sonar gorillebilir ve 20 yasmda maksimum genislige
ulasr. Bu ¢almann amaci, yetiskin toplulukta frontal siniisiin
prevalans ve morfolojik karakterlerini arastrmaktr. Bu ¢alisma,
Siemens Emotion Tomografi Makinesi kullanilarak alman 300 (123
Erkek, 177 Kadm) olgunun paranasal CT scanlarmm 2 mm
kalmhgmdaki aksiyel ve koronal planlar1 {izerinde retrospektif olarak
uygulandi. Calsma icin kullanlan CT scanlarmda sinonasal patoloji
varhg gorilmedi Olgularm ortalama yas1 40.74+ 13.34 (range 20-
83) idi. Tim degerlendirme ve Olctimler iki radyolog tarafindan
Dicom viewer program kullanlarak wuygulandi CT Scanlarmdan
yapilan Olglimlerde, her siniisiin - genigligi, yiiksekligi ve On-arka
uzinlugu ile toplam genislk elde edildi. Olcimler yer ve cinsiyete
bagh olarak istatistiksel olarak karsilastirild.. Ek olarak, her bir
cinsiyet ve her bir Olglim parametresi igin yasa gore subgruplara
ayrilan olgular, subgruplar arasmda da kargilastrild. Tim Olgtmler
sol tarafta daha biyik olma egiliminde idi ve ozellkle erkeklerde
kadmlardan daha buyiktd. Her iki cinsiyette On-arka uzunuk,
erkeklerde yikseklik ve kadmlarda genislik iki tarafli olarak anlaml
olarak farkl bulindu. Cinsiyet dikkate almmadiginda, en yiksek
Oletim degerleri 31-40 yas alt grubunda elde edildi ve yaslanma ile
birlikte azalma egilimi saptandi Frontal siniis Olctimleri tarafina, yasa
ve cinsiyete baglydi.

Anahtar Kelimeler:
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1. Introduction

Frontal sinuses are paired lobulated cavities located
posterior to the superciliary arches in the frontal bone
and each frontal sinus opens in to the corresponding
middle meatus via the infundibulum (1, 2). They are not
apparent at birth and development of them begins during
the second year of life but is not visible radiographically
until the age of 5. It is widely accepted that the
development of the frontal sinus is complete by about 20
years of age and remains stable until further enlargement
of the chambers can occur from bone resorption during
the advanced ages (3- 5).

Procedures involving frontal craniotomies, tasks such as
Mayfield pin placement and emergency supraorbital
ventricular puncture, all necessitate the knowledge of
frontal sinus anatomy to minimize morbidity (6).
Occasiondlly, it may be aso necessary for the
neurosurgeon who wishes to enter anterior cranial fossa
by means of a supraorbital minicraniotomy (6- 10).

The am of this study was to determine the sizes of
frontal sinus in both genders for providing clues to the
surgeons for planning the tasks mentioned above and to
compl ete the anthropometric knowledge.

2. Materials and methods

This study was conducted retrospectively on the
paranasal CT scans of 2 mm thickness in the axial and
coronal planes of 300 cases (123 male and 177 female)
taken by a Siemens Emotion Tomography Machine in
the University Hospital. No apparent sinonasal
pathology was present in the CT scans used for the
study. The mean age of the cases was 40.74+ 13.34
(range 20- 83). All evaluations and measurements were
done together by two radiologists (Ovali GY and
Bayindir P) with a Dicomviewer program.

Any visible pneumati zation was accepted as presence of
the sinus. The measurements of widths, heights and total
width of the two sinuses were performed on coronal
plane (Fig-1). Antero-posterior length was measured on
axial plane (Fig-2). All measurements were done from
the CT sections which had highest values. The
measurements were presented i n centimeter.

Measurements were determined for total population and
each gender. Measurements of both sides were compared
with each other for total population and each gender.
Cases were divided in to 5 subgroups according to age as
20- 30, 31- 40, 41- 50, 51- 60, 61 + for each gender and
each measurement parameter was also compared among
the subgroups.

Fig-1: Measurements on coronal plane.

RW: width of the right sinus, LW: width of theleft sinus, RH: height of theright sinus, LH: height of the left sinus, TW: total width.

3. Results

Bilateral absence of frontal sinus was not observed
among our cases. There were four cases with unilateral
absence of frontal sinus (one male and three female) and
three of them at the right and one of them at the left side
(Unilateral absence was 1.33 %).

2

The values of the measurements were higher at the left
side inthe total population (Table ).

All measurements had higher values in males and the
differences were significant (Table II, p< 0.05 except
total sinuswidth, it was p< 0.001).
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Fig-2: Measurements on axial plane.

RL: antero-posterior length of theright sinus, LL: antero-posterior length of the left sinus.

RW: width of the right sinus, LW: width of the left sinus, RH: height of theright sinus, LH: height of the left sinus, TW: total width.

Table-1: Mean of the measurementsin the total population

MALE FEMALE TOTAL

Measurements

N Mean + SD N Mean + SD N Mean + SD
The width of right frontal sinus 122 2,70+ 0,79 175 2,44+ 0,76 297 2,55+0,78
The width of left frontal sinus 123 2,85+ 0,81 176 2,60+ 0,74 299 2,70 £0,78
The height of right frontal sinus 122 2,66+ 0,87 175 2,36+ 0,83 297 2,48 + 0,86
The height of left frontal sinus 123 2,82+ 0,91 176 2,47 +£ 0,82 299 2,62 £0,87
The antero-posterior length of right frontal sinus 122 1,17+ 041 175 1,01+ 0,41 297 1,08 +0,41
The antero-posterior length of left frontal sinus 123 1,31+ 0,52 176 1,08 + 0,41 299 1,18 + 0,47
Total length of sinuses 123 556+ 1,19 177 505+ 1,23 300 5,26 £1,24

Table-2: The comparison of the measurements of frontal sinusin male and female

Measurements N Range Mean + SD
The width of right frontal sinus 297 0,40 - 4,80 2,55 +0,78
The width of left frontal sinus 299 0,80 - 4,50 2,70 £0,77
The height of right frontal sinus 297 0,40 - 5,00 2,48 +0,86
The height of left frontal sinus 299 0,70 - 5,50 2,61 +0,87
The antero-posterior length of right frontal sinus 297 0,10 - 3,00 1,08 + 0,41
The antero-posterior length of left frontal sinus 299 0,40 - 3,20 1,18 £ 0,47
Total length of sinuses 300 1,70 - 9,40 526 +1,24

Measurements were evaluated for each gender at right
and left sides and they were different in the favor of the
left sides for both genders (Table IlI). In males, antero-
posterior lengths (p< 0.001) and heights (p< 0.05) were
significantly different. In females, the differences of
antero-posterior lengths and widths of sinuses were

significant (p< 0.05).

Among the subgroups in the total population highest
values were aways observed in the 31-40 age group
except the height of the left frontal sinus. 20-30 age
group had the highest value in this measurement and 31-

3
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40 age group had the second. Lowest values were always

observed inthe 61- < age group (Table 1V).

Table-3: The comparison of the measurements of right and left frontal sinuses for both genders.

Ages 20-30 31-40 4150 51-60 61- 61< TOTAL
Mean Mean Mean Mean Mean | Rang L2
Measurements N +SD Range N +SD Range N +SD Range N +SD Range N +SD e N g; Range
S 254 | 0,40 2,65 | 1,00 258 | 050 242 | 090 2,35 | 060 2,5 | 040
e L - 66 | =+ . %0 | = 5 PV . 19 = . 207 | & .
069 | 440 0,80 | 420 079 | 450 087 | 480 081 | 390 078 | 480
: 269 | 09 282 | 080 281 | 1,00 248 | 090 2,32 | 160 2,70 | 0,80
fTrgren‘;T (;ll:l:)sf =t 81 | = = 67 | = . o1 | = 5 Q| = 5 19 | = |2 | .
079 | 430 08 | 450 074 | 410 069 | 360 0,70 | 420 078 | 450
} ) 259 | 0,50 2,60 | 1,00 248 | 0,60 225 | 080 2,15 | 040 2,48 | 040
fTh;hf'Q“‘ ofright { g1 | "% - 66 | = B I B [V A T | 2er | )
rontat sinus 077 | 430 0,9 | 500 080 | 49 086 | 480 092 | 470 0,86 | 500
' 282 | 0,70 277 | 120 264 | 1,00 222 | 080 2,94 | 110 262 | 0,70
:rgemgf's?:fj:f left | g1 | & - 67 | = - o1 | - a | x - 19 | = - 20 | -
087 | 4,70 09 | 550 080 | 5,0 071 | 440 058 | 330 087 | 550
The antero- 1,06 | 0,30 117 | 050 1,05 | 040 1,09 | 030 092 | 010 1,07 | 0,0
posterior length of 81 + - 66 + - 90 + - 41 + - 19 + - 297 + -
right frontal sinus 0,40 2,50 0,43 2,20 0,38 3,00 0,50 2,80 0,34 150 0,41 3,00
The antero- 1,10 | 040 1,33 | 050 119 | 040 1,15 | 050 0,9 | 050 1,18 | 040
posterior length of 81 & = 67 i = 91 & = 41 & = 19 d = 299 &S =
left frontal sinus 034 | 200 058 | 320 048 | 2.9 047 | 300 033 | 1,70 047 | 320
Total length of S || 2EY 546 | 200 538 | 240 499 | 250 448 | 170 526 | 1,70
ot L - 67 | ¢+ - 01 | = - P - 20 | - 300 | .
113 | 7,9 1,35 | 860 119 | 940 1,26 | 860 1,15 | 650 1,23 | 940

Table-4: The comparison of the measurements of frontal sinus according to age groups for total population.

RIGHT SIDE LEFT SIDE
Measurements

N Mean + SD N Mean + SD
The width of each frontal sinus 122 2,70+0,79 123 2,85+0,81
MALE The height of each frontal sinus 122 2,66 +0,87 123 2,82+0,91
The antero-posterior length of each frontal sinus 122 1,17+0,41 123 1,31+0,52
The width of each frontal sinus 175 2,44+0,76 176 2,60+0,74
FEMALE The height of each frontal sinus 175 2,36+0,83 176 2,47 +0,82
The antero-posterior length of each frontal sinus 175 1,01+0,41 176 1,08 +0,41

In males, highest values were observed in 31-40 age
group except the width of the left sinus which had the
highest value in 41-50 age group. Lowest values were
observed in 61-< subgroup (Table V).

In females, highest values were in the 31-40 age group
except the height of the left frontal sinus. Left frontal
sinus had the highest values in 20-30 age group and the
second highest value was observed in the 31-40 age
group. Lowest val ues were inthe 61-< group (Table VI).

4. Discussion

Bilateral absence of frontal sinus couldn’t be observed in
the present study. Frequencies of bilateral absence of
frontal sinus in several population were reported as
follows: Japanese, 4.8 % in males (3); Alaskan Eskimo,
25 % in males and 36 % in females (11); Canadian
Eskimo, 43% in males and 40 % in females (12);
Buschman, 11 % in males and 11 % in females (13);
Awarisch, 8 % in males and 13 % in femaes (13);
Austrian, 10 % in males and 10 % in femaes (14);
Germans, 3.4 % (15): Turkish, 2.6 % in males and 5.1 %

a4

in females (16). Obviously, these frequencies were
strictly related to the definition of the absence of a sinus.
Most studies were based on the definition H. Leicher
quoted from Szilvassy accepting the absence of the sinus
when the area of pneumatization was below 0.8 cn®?. It
coud be one of the reasons explaining the difference
between the results of our study and previous studies but
there were apparent differences even among the previous
reports. It is known that genetic and environmental
factors control the configuration of the frontal sinus
within each population (5, 12, 17) and differences among
the frequencies could be explained with regional
differences.

Frequencies of unilateral absence of frontal sinus in
severa reports were as Japanese, 14.3 % in males and
7.1 % in females (3); Germans, 3.6 % in males and 2.8
% in females (15); Turkish, 3.8 % inmalesand 5.9 % in
females (16). 1.3 % frequency of unilateral aplasia
observed in this study was low when compared with the
previous reports probably related to the similar reasons
mentioned for bilateral absence of the sinus.
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Table-5: The comparison of the measurements of frontal sinus according to age groups for males.

Ages 20-30 31-40 41-50 51-60 61- 61< TOTAL
Measurements N ’;Aesag Range N ’!?g Range N ’\:Zag Range N I;/Iesag Range N V\;Iesag Raeng N ’\:?S Range
A q 2,69 1,80 2,88 1,30 2,69 1,00 2,66 0,90 2,13 0,60 2,70 0,60
The width of right Y " " " o - o N ' " % -
(R S * 065 | 440 = 081 | 420 “ 079 | 430 * 091 | 480 ! 074 | 2,70 2 079 | 480
The width of left 2,::38 1,?0 2,?7 0,?0 3,22 1,il0 2,5)1 l,flO 2,33 l,fSO Z,fS 0,?0
frontal sinus 2 o,_a4 4,30 33 0;)1 4,50 “ o_;o 4,10 1 0;32 3,60 ! 0,;37 3,40 1 0,;31 4,50
. . 2,67 1,50 2,95 1,40 261 1,10 2,42 0,90 2,03 0,40 2,66 0,40
The height of right + T ‘+ " '+ T + ” ‘+ " '+ '
iz € % 060 | 39 = 101 | 500 41 081 | 4% 16 097 | 480 ! 088 | 300 12 087 | 500
; 2,96 1,50 2,98 1,30 293 1,50 2,49 1,50 1,76 1,40 2,82 1,30
o L 25 | i o - || o= - 7| = B [EPCT 2
0,84 4,70 1,03 5,40 0,85 4,60 0,77 4,40 0,46 2,60 0,91 5,40
The antero- 1,17 0,60 1,36 0,50 1,05 0,60 1,20 0,30 0,86 0,10 1,17 0,10
posterior length of 25 + - 33 + - 41 + - 16 + - 7 + - 122 + -
right frontal sinus 0,38 2,20 0,42 2,20 0,25 1,80 0,60 2,80 0,40 1,20 0,41 2,80
The antero- 1,22 0,40 1,59 0,70 1,25 0,60 1,26 0,80 0,90 0,50 1,31 0,40
posterior length of 25 + - 33 + - 42 + - 16 + - 7 + - 123 + -
left frontal sinus 0,35 2,00 0,62 3,20 0,43 2,50 0,60 3,00 0,33 1,50 0,52 3,20
5,68 3,10 5,84 3,20 561 2,40 5,26 3,40 4,19 320 5,56 2,40
Totallength of 25 | - N TR B BTN - 7| % B PR -
1,04 7,90 121 8,60 il 7,90 1,24 7,00 0,72 5,20 il 8,60
Table-6: The comparison of the measurements of frontal sinus according to age groups for females.
Ages 20-30 31-40 41-50 51-60 61- 61< TOTAL
Measurements N Zlesag Range N Zzag Range N Zlesag Range N ’;Aza[;] Range | N l:esag Raeng N I;/Iesag Range
. . 2,47 0,40 2,43 1,00 2,49 0,50 2,26 0,90 2,48 0,90 2,44 0,40
The width of right N " L a 'i *_ 1 '~ : '* t 5
TeqtalEius * 071 | 39 * 075 | 3.9 “ 080 | 450 * 083 | 400 2 0,85 | 390 e 0,76 | 4,50
. 2,57 0,90 2,77 1,30 2,64 1,00 2,46 0,90 2,48 1,70 2,60 0,90
i ECN - 34| ¢ - 49 |+ - || o+ - 2| o= e | o .
0,73 4,20 0,80 4,30 0,72 4,10 0,74 3,60 0,69 4,20 0,74 4,30
3 3 2,55 0,50 2,25 1,00 2,37 0,60 2,14 0,80 2,22 0,90 2,36 0,50
The height of right 7 " i " 5 " i ° v * Dy 5
(i sl % 084 | 430 * 084 | 420 49 079 | 430 * 079 | 470 2 098 | 470 e 083 | 470
n 2,76 0,70 2,57 1,20 2,39 1,00 2,05 0,80 2,04 1,10 2,47 0,70
The height of left " " . o 'i ,- i ' : % i bt
(e e * 088 | 460 # 093 | 550 “ 066 | 500 * 063 | 320 1 063 | 330 e 082 | 550
The antero- 1,01 0,30 0,98 0,50 1,06 0,40 1,01 0,40 0,96 0,60 1,01 0,30
posterior length of 56 + - 53] E4 - 49 + - 25 E4 - 12 £ - 175 + -
right frontal sinus 0,40 2,50 0,37 1,90 0,47 3,00 0,42 2,10 0,31 1,50 0,41 3,00
The antero- 1,05 0,40 1,09 0,50 115 0,40 1,08 0,50 0,94 0,60 1,08 0,40
posterior length of 56 + - 34 + - 49 + - 25 + - 12 + - 176 + -
left frontal sinus 0,32 1,80 0,42 2,50 0,52 2,90 0,35 1,90 0,34 1,70 0,41 2,90
5,08 2,30 5,09 2,00 5,19 2,90 4,82 2,50 4,64 1,70 5,05 1,70
Total length of + ” i " 'i " i > 1 ! i 2
EIES * 113 | 720 * 139 | 820 ® 119 | 940 * 127 | 860 12 1,33 | 650 177 1,23 | 9,40
When compared with literature, the study population had lowest measured val ues were determined after age 60 (3-
the lowest values of some or al diameters (1, 4, 7, 18, 5). We mentioned this point without an objective
19). All dimensions of the sinus were larger in males explanation.
than females. Although not aways statistically 5 Conclusion
significant, frontal sinus was generally larger in males '
than females in previous studies (3, 7, 13, 14, 17) except The results of this study will provide useful clues for to
for Canadian Eskimo population (12). Left sinus had plan the surgical intervention and complete a part of
bigger sizes in both genders as reported by severa human anthropometry.
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