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ABSTRACT

The maxillary sinus is a pneumatic cavity within the maxilla. The extent
of pneumatisation varies among individuals; its volume is influenced by
age, and alveolar bone height, prompt evaluation of the maxillary sinus
volume is useful in sinus surgery. The aim of this study is to determine
volume of the maxillary sinus using computed tomography, to correlate
thiswith side, age and sex and to provide baseline data for valuesin our
environment. A retrospective evaluation of 130 subjects (79 males and
51 females), between 20 - 80 years, with normal maxillary sinus CT
anatomy, fromhead CT scanswas carried out at the Radiology Department
of the Usmanu Danfodiyo University Teaching Hospital, Sokoto. The
anteroposterior transverse and craniocaudal diameters were measured
from axial, coronal and sagittal reformatted images. All measurements
were taken between the widest points on the sinuses and the volume of
each sinus was determined by the product of these three diameters and
the slice thickness. On the right, mean sinus volume for males was
14.98cn?, and 13.26cm? for females. On the | eft, average sinus volume for
maleswas 15.08cn, and 16.06cm?® for females. Therewasa considerable
decrease in the mean volume on both sinuses from 14.15cn? to 13.51cm?
and from 14.33cm?to 9.61cn?® respectively inrelation toincreasein age.
The overall mean of the right and left maxillary sinus volume were
14.30cm® and 14.54cm?® respectively. It is therefore concluded that
Computerized Tomography measurements may be useful in volume
assessment of the maxillary sinus as a preoperative work-up procedure
for sinus surgery.

Keywords: Maxillary Snus, Volume Analysis, Computed Tomography,
Sokoto, Nigeria.

INTRODUCTION

Themaxillary snusisthelargest of the paranasal Snusesand representsacomplex
anatomica structurewithasgnificant inter-individua variation (Helmy, Tadrosand
Micheal, 1969; Sinnatamby, 2005; K gji, Endo and Shimooka, 2009; Uthman, Al-
Rawi, Al-Naami andAl-Timimi, 2011). Theextent of pneumatisation of themaxillary
sinusvariesfrom personto person; itsvolumeisinfluenced by age, residua dental
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projections, and aveolar boneheight (Woo and Le, 2004; Ariji Y., Ariji E., Yoshiura
andKanda, 1996; Deeb et al., 2011). Thenormal volumeof themaxillary sinusis
useful intrestment planning, eval uation of outcome and establishment of baseline
data(Mehmet et al., (2007). A detailed knowledge of theanatomy of thesinusesis
crucid inperforming surgica proceduressuch asfunctiona endoscopicsnussurgery
(Mehmet et al., 2007; Maryam et al., 2010). Genetic diseases, environmental
conditionsand past infectionsmay affect the devel opmenta processand theresultant
volumeof themaxillary sinus(Karakasand Kavakly, 2005). Computed Tomography
isvauable, smple, fast and painless, now awidely availableimaging moddity for
three-dimensiona eva uation of anatomica structuresproducing thinand multidice
CT technol ogy, voxd szeswith submillimeter resolutions, multiplaner and volumetric
recongtructionwithimproved patientscomfort, however, itsmgor drawback remains
theinherent costsand theradiation concerns(Reichs, 1993; Damman et al., 2000;
Maryamet al., 2010).

Highresolution CT of themaxillary sinushasbecomeindispensibleinthe
completeeva uation of themaxillary Snusanditslesions(Damman, Bode, Heuschmid
etd., 2000), anessentid aidinnavigation during functiona endoscopic Snussurgery
(FESS) (Sahlgtrand, Magnus, Anitaand Kasim, 2011), and a mandatory procedure
inthe preoperative work-up for sinus surgeriesto establish optimal volume of
implants(Gray et al., 2000), snusfloor eevationin placement of implants (Kuhl et
al., 2010) and to determinethe percentage of pneumatization in the sinus cavity
(Park et al., 2011).

Thevolume of the paranasal sinusestendsto decreasewithincreasing age
and themaxillary sinusvolumehasbeen found to decrease after theage of 20 years
(Jovanic, Jelicic and Kargovska-Klysarova, 1984). According to Deeb et al.,
(2011), areductionin sinusvolumein the presence of chronic rhinosinusitisis
associated with theincreasein cortical bone and mucosa thickness. Other studies
have suggested that the maxillary sinusvolumeincreaseswith age (Ariji etal.,
1994, from Kyushu University, Fukuoka, Japan, Sacide and Ahmet, 2005, from
Firat University of Medicine, Elazig, Turkey) and loss of teeth (Uemura, 1974,
from Japan). The mean volume of the maxillary sinuswas 14.75cmg, 20.05¢cm?,
and 14.71cm? respectively according to Cahounet al., (1988), fromthe University
of Texas, United State, Amedee, (1993), from Johannes Gutenberg University Mainz,
Germany, and Ariji et al., (1994), from Kyushu University, Fukuoka, Japan.

According to Uchida, Goto, Katsuki and Akiyoshi (1998), from Saga
Medica School, Nabeshima, Japan, and Kimet al., (2002), fromYonsa Universty,
Seoul, Korea, theaverage volume of themaxillary sinusis11.3cm?, and 15.1cm?
respectively. Mean sinusvolumein maleswas 24.04cm? and 15.85cmPinfemales
accordingto Jun et al., (2005), from Catholic University of Korea, Seoul, while
Koppeet al., 2006, report from OkayamaUniversity School of Dentistry, Japan,
that, theright snusvolumewaslarger than theleft, and that asymmetry inmaxillary
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sinusvolumewas not related to gender or size of skull. Mehmet et al., (2007),
reported from the Department of Anatomy, Medical School, Ondokuz Mayis
University, Samsun, Turkey, that Snusvolumewas 35.9cn®, whileit ranged between
11.1cm3and 23.0cm?® among Germans at the University of Bonn, Germany (Pirner
etal., 2009). Sahlstrand, Magnus, Anitaand Kasm (2011), from Lund University
and Skane University Teaching Hospital, Malmo,, Sweden, report amean sinus
volumeof 15.7cm?, whileAmusaet al., (2011), report from Obafemi Awolowo
University Teaching Hospital, I1elfe, that the average volumeon theright was
11.59cm3and 14.98cme on theleft. Thereis paucity of dataon the volumeof the
maxillary snusamong Nigeriansand most of theseworksweredone on Caucasian
subjects. Theaim of thisstudy istherefore meant to compliment thesefindingsand
to establish abasdlinedatafor valuesin our environment.

MATERIALSAND METHOD

Onehundred and thirty subjectscomprising 79 malesand 51 femal es, between 20
- 80 years, with normal maxillary sinus CT anatomy, fromhead CT scanscarried
out at the Radiology Department of the Usmanu Danfodiyo University Teaching
Hospital (UDUTH) Sokoto, over afiveyear period wererecruited for thisstudy.
Head CT Scanswere obtained from thelocal database of the CT machineand
back up compact disc fromthe CT library. Filmswere viewed on the computer
monitor. Good positioning of imageswas observed to ensure symmetry or asymmetry
of themaxillary sinus. M easurementswere made with Neusoft Dua SlideHelical
CT machine (2005 model, 15cm FOV, 200mA, 120kV, scanning a high resolution
bonedgorithmat 1 second and dicethicknessof 5mm), with softwarethat provides
ameter rule, with which linear measurements (craniocaudal, anteroposterior and
transversediameters) in millimetersbetween thewidest pointsonthesinuseswere
takenfromaxia, coronal and sagittal reformatted images. Thevolumeof eachsnus
was determined by the product of the previous three dimensions and the slice
thickness as described by Sahlstrand, Magnus, Anitaand Kasim (2011). These
measurementswere performed on three-dimensional reconstructed imagesusing
V-works 3.0 program. Data was manually sorted out, tabulated, entered into
computer using Microsoft word and Microsoft Excel and analyzed using Minitab
16.04atigtica package. Themean (£SD) volumeswere determined and comparisons
of mean valuesweredone using Students' t-test.

RESULTSAND DISCUSSION
Ontheright maxillary sinus, thewidest range of volumewasrecorded between 70
and 79 years, whileontheleft, thelowest and highest volumeswererecorded over
50-59 yearsand 70— 79 yearsrespectively. However the maximum right snus
mean volumewasfound in subjectsbetween 30to 39 years, whileit was 15.67cm?®
between 70— 79 yearson theleft. Ontheright maxillary sinus, mean volumefor
maeswas 14.98cm® whileinfemalesit was 13.26cm?, indicating that therewasno
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datisticaly sgnificant differenceintheright maxillary snusvolumebetween males
andfemaes. Ontheleft maxillary snus, theaveragevolumefor maeswas 15.08cm?®,
whilefor femdesitwas16.06cm?. Thisshowed no satisticaly significant difference
between both sexes. Themaxillary sinusvolumewasfound to decrease after the
ageof 20 years. Although therewasno consi stent decreasein the sinusvolumesas
the ageincreased (table 2), volume decrease with increased age of subjectswas
established on both right and left maxillary sinusfrom 14.15cm?to 13.51cm?® and
from 14.33cm?to 9.61cme respectively in relation to thetwo extremes of the age
groups studied (20— 29 yearsand 80— 89 years). The overall mean of theright
and left maxillary sinusvolumewere 14.30cm? and 14.54cm?® respectively.

Inthisstudy, maxillary sinusvolume decreased with ageand wasfound to
decreaseafter theage of 20 yearsasreported by Ariji et al., (1994) from Fukuoka,
Japan, Ariji et al., (1996) from Nagasaki, Japan, and from Ondokuz Mayis
University, Samsun, Turkey, by Mehmet et al., (2007). However, from Firat
University of Medicine, Elazig, Turkey, Sacide and Ahmet (2005) haveit that the
maxillary snusvolumeincreaseswith age. Our studiesfound larger volumesonthe
left maxillary sinusin both sexes; thisisintendemwith thefindings of Nowak and
Mehls(1977), from East Germany, and al so supported by thereport of Amusaet
al., (2011), (right: 11.59 + 5.36 cm*and | eft: 14.98 + 10.77 cm?), who worked on
Nigeriansin the south west region, that theleft maxillary s nusvolumewaslarger
than theright in both males and females. However, Koppeet al., (2006), from
Okayama, Japan, maintained that, thevolume of theright maxillary snuswaslarger
thanthat of theleft side.

Thisstudy also reveal sthat no statistically significant difference existed
between theright and left maxillary sinusvolume of both sexes (p < 0.001). With
dightly lower volumesexcept infemaleleft Sinus, thisresultscompared favourably
with the conclusion from Lund, Sweden, by Sahlstrand et al. (2011), who report
that no stati stically significant difference existed between thel eft and right maxillary
sinusvolumes; for males, (right = 18.0cm? + 6.00cm?, left = 18.0cm® + 7.00cm?)
and females (right = 14.0cm? + 3.00cn?, left = 15.0cm?® + 4.00cm?). Theaverage
right maxillary sinusvolumefrom thisstudy were higher than theva uesreported by
Amusaet al. (2011), (theright was 11.59cm? + 5.36cmPand 14.98cm?® £ 10.77cm?®
ontheleft). Our study also discoversthat Nigeriansin the North West had larger
maxillary sinusvolumes compared to Indiansin Mysoreaccording to Vidyaet al.
(2013) who reported that sinus volume among Indian maleswas 13.606cm?+
5.247cm? ontheright, and 13.50cm?+ 6.513cm?® ontheleft, whilein females, it
was 9.733cm?+ 3.389cme and 10.908cme+ 3.39cm? for theright and | eft sinus
respectively. However, the valuesfrom this study fell within therange of values
established by Ariji et al. (1994); 4.56cm? to 35.2cm® (mean = 14.71cm® +
6.33cm?®) in patients aged over 20 years among Japanesein Fukuoka, and Pirner
etal., (2009); 11.1cm? + 4.5cm?3to 23.0cm?® + 6.7cm*from the University of Bonn,
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Germany. Theresultsof thisstudy compared favourably with thereportsfromthe
University of Texas, United Statesby Calhounet al. (1991), Amedee (1993), who
reported from Johannes Gutenberg University Mainz, Germany, that themeanvolume
of themaxillary sinusas 14.75cm? and 20.05cm?® + 9.2cm?® respectively, but were
lower than themean maxillary sinusvolumein early adultsof 24.04cm?® (maes) and
15.86cm? (females) among K oreansin Seoul, by Junet al. (2005).

CONCLUSION

Theam of the study isto determine volume of themaxillary snususing computed
tomography, to correl ate thiswith size, age and sex and to provide baseline data
for valuesin our environment. The results compare favourably with thereports
fromthe University of Texas, United States and Johannes Gutenberg University
Mainz, Germany, but werelower than the mean maxillary sinusvolumein early
adults among Koreans. It therefore concludes that computerized tomography
measurementsmay beuseful involumetric assessment of themaxillary sinus. Sinus
volumesdecreased withincreasing age, and werelarger ontheleft maxillary snus
inboth sexes.

Table 1: Mean and Standard Deviation (xSD) of Measurements of the Maxillary Sinusin
Relation to Sex Distribution of Subjects Used in the Study

Maxillary sinus Dimensions Males Females t df
Mean (+/- SD) Mean (+/- SD)

Right Maxillary Sinus CC 32.21mm(+5.56) 30.93mm(+6.09) 1.21 100 0.24
TR 24.18mm(+5.80) 23.14mm(+4.70) 1.12 121 0.27
AP 36.94mm(+4.73) 36.29mm(+4.71) 0.76 107 0.45
VOL 14.98cm%(+6.53) 13.26 cm3(+5.04) 1.68 124 0.09

Left Maxillary Sinus CcC 32.38mm(+5.33) 31.14mm(£6.00) 1.20 98 0.23
TR 24.12mm(+5.81) 23.69mm(+5.50) 0.43 111 0.67
AP 36.84mm(+5.31) 36.43mm(+4.64) 0.46 117 0.65
VOL 15.08cm?%(£6.66) 16.06cm®(+17.96) - 0.38 59 0.71

CC = Craniocaudal, TR = Transverse, AP = Anteroposterior, VOL= Volume.

Source: Radiology Department of the Usmanu Danfodiyo University Teaching Hospital,

Sokoto, 2007-2012

p Vaue

Table 2: Mean and Standard Deviation of the Right and Left Maxillary Sinus Volumesin
Relation to Age Groups

Age Groups Right Maxillary Sinus Left Maxillary Sinus
(Years) Range of Mean Volume Range of Mean Volume
Volume (cmd) (cm®)(+SD) Volume(cm?) (cm®)(+SD)
20-29 4.94-28.35 14.15(x6.28) 6.27—-29.08 14.33(x5.73)
30-39 6.31-29.62 15.07 (5.88) 6.35—-31.20 15.61(x6.67)
40-49 6.29-30.90 14.40(x6.17) 5.96—-26.30 13.80(x6.26)
50-59 5.71-29.04 13.34(x5.40) 4.16—-23.93 14.17(x5.87)
60-69 7.01-24.10 14.44(x5.01) 7.26—33.65 1451 (x6.57)
70-79 4.71-38.57 14.94(x9.17) 5.00—35.66 15.67(x8.17)
80-89 12.53-14.50 1351 (x1.39) 8.04-11.18 9.61(x2.22)
Overall 4.71-3857 1430(+603)  4.16-35.66 14,54 (+6.26)

Source: Radiology Department of the Usmanu Danfodiyo University Teaching Hospital, Sokoto,

2007-2012

International Journal of Health and Medical Information Volume 2, Number 2, August 2013 5



Relationship between Mean Sinus Volumes and Age Groups
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Figure 1: The Relationship Between the Mean Volumes of Both Maxillary Sinuses and the Age Groups.
Source: Radioloay Department of the Usmanu Danfodivo University Teachina Hospital, Sokoto, 2007-2012

Figure2: Coronal CT of a30 year Old Femal e Showing Measurements of the Craniocaudal (Height) Diameter CC. The Right CC
was 32.20mm while the Left CC was 36.15mm. R= Right side, L= Left side, CN= Cranial end, CD= Caudal end.

Source: Radiology Department, Usmanu Danfodiyo University Teaching Hospital, Sokoto, 2007-2012

Figure3: Axial CT of a45 year of Male Showing Measurement of the Anteroposterior (Depth) Diameter (AP). The Right and L eft
AP Diameters were 39.81mm and 39.74mm respectively. The Arrows Point towards Septa on the Anterolateral Sinus Wall. R=
Right side, L= Left side

Source: Radiology Department of the Usmanu Danfodiyo University Teaching Hospital, Sokoto, 2007-2012
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Figure4: Axial CT of a27 year Old Femal e Showing Measurements of the Transverse Diameter (TR). The Right TR is13.40mm,
while TR on the Left is 14.72mm. R= Right side, L= Left side, A= Anterior, P= Posterior.

Source: Radiology Department of the Usmanu Danfodiyo University Teaching Hospital, Sokoto, 2007-2012
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