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Abstract

Objectives: The aim of this study was to compare the maxillary sinus sizes in patients with maxillary excess and maxillary deficiency.
Methods: 120 cephalometric and panoramic radiographs of 12 - 25 years old patients were studied. These radiographs were derived
from patients with maxillary deficiency, normal, or excess. Each group consisted of 40 Patients, (20 females and 20 males). Different
dimensions of maxillary sinus included maxillary sinus anterior posterior length (M.S.L), maxillary sinus height (M.S.H) and total
maxillary sinus area (TMSA) were measured by digital lateral cephalometry and digital panoramic analysis. In AutoCAD program
the lines were measured by mm and the area were measured (mm2). All input images into AutoCAD program converted to a unit
scale to assess the minimal magnification error. Data were analyzed using t-test and ANOVA.
Results: TMSA was highest in the maxillary deficiency group following by the maxillary normal and maxillary excess groups which
the differences were statistically significant (P value = 0.008). However no significant differences were noticed by panoramic image
measurements (P value = 0.285). The mean of MSH was significantly higher in the maxillary deficiency group compared with the
maxillary normal and maxillary excess groups, both in lateral cephalometry (P value < 0.001) and panoramic images (P value =
0.034). Regarding the MSL no significant differences were seen among the study groups both in lateral cephalometry and panoramic
images.
Conclusions: According to the result of this study TMSA and MSH were significantly higher in maxillary deficiency group in com-
parison with the maxillary normal and excess groups.
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1. Background

The bony chambers which are surrounded by the
bones around the nasal cavity and open into the nasal cav-
ity are named “Paranasal Sinuses” (? ). The maxillary sinus
is the largest of the four paranasal sinuses (? ) which is
called “Antrum” or “Highmore Antrum” (? ) which drains
into the middle meatus of the nose and are located around
nasal cavity. The base of pyramid-shape maxillary sinus is
the lateral wall of nasal bone and zaygomatic bone is its
roof. Between the paranasal sinuses, the maxillary sinus
plays a main role in the formation of facial contours (? ,
? ). The development of the maxillary sinus initiates at the
ethmoidal infundibulum in the third month of fetal life (?
). After birth, the air pressure into the developing alveolar
process enlarge the sinus (? ). The maximum growth of si-
nus occurs at two time intervals: birth to 3 years of age and
7 to 12 years of age (? ). The average volume of maxillary si-
nus at birth is 6 - 8 cm3, and it can be detected radiographi-
cally in a standard anteroposterior view by 5 months after
birth (? ). The floor of the maxillary sinus is constituted of
the alveolar process of the maxilla (? , ? -? ). Therefore, the

maxillary sinus can encroach the alveolar process particu-
larly when the maxillary first molars are missed over a long
period of time (? ). The invasion of maxillary sinus and oc-
cupation of residual alveolar space after extraction of one
or more teeth may affect orthodontic treatment planning
for malocclusion cases (? , ? ). Therefore, knowledge of the
development and size of the maxillary sinus may be crit-
ical for diagnosing and treating different cases of maloc-
clusion (? ). Jun et al. (? ) studied relation of maxillary si-
nus aeration according to aging. He reported that develop-
ment of the maxillary sinus continues till the third decade
in male and second decade in female, and thereafter the
size reduced. Some studies have reported no significant
differences between left and right maxillary sinus sizes (? ,
? ). There are studies reporting correlation between size
of sinus and the sex (? , ? ). Endo et al. (? ) evaluated
the maxillary sinus size in different malocclusion classes
by the use of lateral cephalometric radiographs and eval-
uated with WinCeph analysis software. He showed no rel-
evancy between different malocclusions and size of maxil-
lary sinus. Endo et al. (? ) showed 12 to 16 years old patients
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with large cranial bases tend to have larger maxillary si-
nuses, but there is no significant association between max-
illary sinus size and the A-N-B angle, also they reported no
significant relevancy between maxillary sinus size and sex.

It could be theorized that development of maxillary si-
nuses, which have a closed association with the maxillary
bone structure and the upper posterior teeth, could be af-
fected by dental and skeletal malocclusions.

2. Objectives

The aim of this study was to compare the maxillary si-
nus sizes in patients with excess and deficiency of maxilla.

3. Methods

This is a retrospective study. 120 cephalometric and
panoramic radiographs of 12 - 25 years old samples were
selected from patients referred to dental school of Shahid
Sadoughi university of Yazd these radiographs were be-
longed to subjects with maxillary deficiency, maxillary nor-
mal, and maxillary excess. Each group consisted of 40 Pa-
tients. The radiographs fulfilled the following selection cri-
teria:

1- No syndrome or cleft lip or cleft palate.
2- No history of orthodontic treatment or maxillofacial

surgery.
3- Fully erupted permanent dentition (except third mo-

lar).
4- No maxillary sinus pathology.
Images with poor quality, or graphs with no clear max-

illary sinus views were excluded.
The samples were divided into Max. Deficiency and

Max. Excess according to Schwarz and McNamara index.
According to Schwarz index mandibular length calculated
according to length of cranial base. The normal value of
A-PNS was considered to be 2/3 Go-Pog. The higher values
considered Max. Excess and lower values considered Max.
Deficiency. According to McNamara point A can be 1 mm
anterior or posterior to the N-perpendicular line. More an-
terior is called Prognathism and more posterior is called
Retrognathism. Also Cd-A distance was measured and com-
pared with table.

Vertical measurements of S-PNS and N-ANS should be 51
- 55 in females and 56 - 60 in males. Higher values were con-
sidered as Max. Excess and lower ones as Max. Deficiency.

The samples were divided into three groups according
to the geometry of the maxilla, each group consisted of 20
female and 20 male.

The measurement of maxillary sinus in digital lateral
cephalometry and digital panoramic images were done us-
ing the method of Endo et al. (? ) as follow:

1- An: The most anterior point of anterior wall of maxil-
lary sinus

2- Po: The most posterior point of posterior wall of max-
illary sinus

3- Su: The most superior point of superior wall of max-
illary sinus

4- In: The most inferior point of inferior wall of maxil-
lary sinus

5- Maxillary sinus anterior posterior LENGTH (M.S.L):
this line was drawn from An to Po.

6- Maxillary sinus height (M.S.H): This line was drawn
from Su to In.

7- Upper maxillary sinus area (UMSA): which defined by
the area above maxillary plane that constructed from ante-
rior nasal spin (ANS) to posterior nasal spin (PNS).

8- Lower maxillary sinus area (LMSA): which represents
lower area of Maxillary sinus from palatal plane.

7-Total maxillary sinus area (TMSA): which represents
summation of upper and lower maxillary sinus area.

In AutoCAD program the lines were measured in mil-
limeters (mm) and the area were measured in square mil-
limeters (mm2). All input images into AutoCAD program
converted to a unit scale to access minimal magnification
error. Lateral cephalograms of the subjects were traced
and measured by one investigator (Figures 1 and 2). In or-
der to reduce measurement error, one week after the first
analysis, all images were re-measured by the same inves-
tigator and finally average of each indicators was consid-
ered.

Statistical analysis were done for collected measure-
ment by using statistical package for social sciences ver-
sion 23 computer software. To compare between 2 groups,
independent samples t-test, and among more than 2
groups ANOVA was used.

4. Results

According to the results of this study, the mean to-
tal maxillary sinus area (TMSA) of maxillary deficiency,
maxillary normal and maxillary excess groups in lateral
cephalometry images were 1193.1, 1042.5, and 1006.7 mm2,
respectively. Therefore the mean TMSA in maxillary defi-
ciency group had the highest value, followed by the maxil-
lary normal and maxillary excess groups which this differ-
ence was significant (P value = 0.008). However, no signif-
icant difference was found by panoramic image measure-
ments (P value = 0.285) (Tables 1 and 2), (Figure 3).

The mean maxillary sinus height (MSH) of maxillary
deficiency, maxillary normal and maxillary excess groups
in lateral cephalometry images were 41.5, 38.3, and 36.0
mm and in panoramic images were 39.9, 39.0, and 36.5
mm, respectively. These results revealed that mean value
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Table 1. Mean and Standard Deviation of Maxillary Sinus Measurements in Maxillary Deficiency, Normal and Excess

Variables Maxilla ANOVA (P Value)

Deficient Normal Excess

Mean SDa Mean SD Mean SD

TMSA (L.Cephalometry) 1193.1 338.00863 1042.5 250.28999 1006.7 233.70442 0.008

TMSA (Panoramic) 1065.9 301.22854 1088.8 280.09462 993.6 254.14945 0.285

MSH (L.Cephalometry) 41.5 6.20976 38.3 5.08303 36 4.82472 0

MSH (Panoramic) 39.9 6.268813 39 5.20707 36.5 5.64943 0.034

MSL (L.Cephalometry) 40.6 5.41175 39.9 5.89224 40.3 4.07651 0.823

MSL (Panoramic) 45.2 5.77122 45.9 5.05895 45.5 4.38157 0.795

aSD indicates standard deviation.

Table 2. Multiple Comparisons of Variables Between Groups Using Tukey Test

Variables Group Group

Maxillary Deficiency Maxillary Normal Maxillary Excess

Mean Difference P Value Mean Difference P Value Mean Difference P Value

Cephalometric Image

TMSA Maxillary Deficiency 150.6 0.044 186.4 0.009

Maxillary Normal -150.6 0.044 35.8 0.833

Maxillary Excess -186.4 0.009 -35.8 0.833

MSH Maxillary Deficiency 3.3 0.02 5.6 0

Maxillary Normal -3.3 0.02 2.3 0.142

Maxillary Excess -5.6 0 -2.3 0.142

MSL Maxillary Deficiency 0.7 0.806 0.4 0.947

Maxillary Normal -0.7 0.806 -0.4 0.948

Maxillary Excess -0.4 0.947 0.4 0.948

Panoramic Image

TMSA Maxillary Deficiency -22.9 0.928 72.3 0.48

Maxillary Normal 22.9 0.928 95.2 0.283

Maxillary Excess -72.3 0.48 -95.2 0.283

MSH Maxillary Deficiency 0.8 0.979 3.2 0.574

Maxillary Normal -0.8 0.979 2.4 0.305

Maxillary Excess -3.2 0.574 -2.4 0.305

MSL Maxillary Deficiency -0.8 0.781 -0.3 0.968

Maxillary Normal 0.8 0.781 0.5 0.904

Maxillary Excess 0.3 0.968 -0.5 0.904

of maxillary sinus height was significantly higher in max-
illary deficiency group than in maxillary normal and max-
illary excess groups, both in lateral cephalometry (P value
< 0.001) and panoramic images (P value = 0.034) (Tables 1
and 2, Figure 4).

The mean maxillary sinus anterior posterior length
(MSL) among maxillary deficiency, maxillary normal and
maxillary excess groups showed no significant differ-
ences ,both in lateral cephalometry (P value = 0.823) and
panoramic images (P value = 0.795) (Tables 1 and 2, Figure
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Figure 1. A Sample Tracing of TMSA of a Patient with Maxillary Deficiency Into Auto-
cad Program

Figure 2. A Sample Tracing of MSH and MSL of a Patient with Maxillary Excess Into
AutoCAD Program

4).
Considering age, the mean of total maxillary sinus

area (TMSA) and maxillary sinus height (MSH) were signif-
icantly different (P < 0.001) based on lateral cephalometry
images. results showed that group 3 was higher than first
and second groups but the mean maxillary sinus length
(MSL) showed no significant differences (P value = 0.068) in
lateral cephalometry images. Based on panoramic images,
the mean total maxillary sinus area (TMSA) and maxillary
sinus height (MSH) were significantly different (TMSA, P
value = 0.004 and MSH, P value = 0.016); however the mean
MSL showed no significant differences in all study groups
(P value = 0.497).

Regarding MSL, MSH, and TMSA, T-Test showed no sig-
nificant differences in between genders both in lateral
cephalometry and panoramic images while the average of
each parameter in males was higher than in females (ex-
cept MSH in panoramic images).

5. Discussion

Few studies on the association between maxillary sinus
size and approximately no study compared association be-
tween maxillary sinus size and maxillary deficiency and
maxillary excess. In this study, evaluation of maxillary si-
nus size was done based on digital lateral cephalometry
and panoramic images.

The results of present study showed significant dif-
ferences in MSH based on both lateral cephalometry and
panoramic images. Maxillary deficiency group had the
higher MSH than maxillary normal and maxillary excess.
This finding was hard for the authors to explain, however
the hereditary nature of malocclusion and environmental
effects on sinus size could be the reason Urabi (? ) who as-
sessed the maxillary sinus dimensions in different maloc-
clusions by digital lateral cephalometric images, showed
that MSH in class III malocclusion was higher than other
type of malocclusion in female. Endo et al. (? ) also found
that MSH in class III malocclusion was higher than other
type of malocclusion in male, as confirmed by this study
(Table 3), but difference was significant in this study. It
might be explained by the difference in the type of clas-
sifications. In this study, samples were classified accord-
ing to the geometry of the maxilla without considering
mandible but other studies classified according to A-N-B
angle and with considering maxilla and mandible.

The mean MSL were not significantly different among
three groups, maxillary deficiency, maxillary normal and
maxillary excess which was similar to Endo et al. (? ) and
Urabi (? ) studies.

The mean TMSA in lateral cephalometric images of
maxillary deficiency group had the highest values, fol-
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Figure 4. Mean of Maxillary Sinus Length and Height

lowed by the maxillary normal and maxillary excess
groups which were significantly different although with
considering gender there was no significant difference be-
tween TMSA and geometry of maxilla. Endo et al. (? )
found no significant differences in size between the dif-
ferent classes of skeletal malocclusion and genders. Ok-
tay (? ), who researched the maxillary sinus areas on or-
thopantomographs of subjects with ideal occlusion and of
patients with different angle malocclusions, and Urabi (?

) showed that malocclusions had no effect on the maxil-
lary sinus size. Oktay’s study (? ), showed that females with
class II malocclusion had larger maxillary sinus size than
the other different classes of skeletal malocclusion while
Urabi (? ) found this results for male. These findings are
inconsistent with this study.

Results of this study indicate that the mean TMSA and
MSH increased with age. Ariji et al. (? ) evaluated age
changes in the volume of the human maxillary sinus by
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Table 3. Mean and Standard Deviation of Maxillary Sinus Measurements in Male and Female

Variables Gender Maxilla ANOVA (P Value)

Deficient Normal Excess

Mean SDa Mean SD Mean SD

TMSA (L.Cephalometry) Female 1149.6 339.38247 993.6 210.57275 995.4 199.22915 0.098

Male 1236.6 339.6302 1091.4 281.44671 1018 268.60576 0.07

TMSA (Panoramic) Female 1007 260.49677 966.2 203.93847 1068.8 256.92628 0.408

Male 1124.7 333.31945 1211.4 296.34456 918.3 233.78267 0.007

MSH (L.Cephalometry) Female 40.5 6.10343 38.3 4.43743 35.8 3.99306 0.013

Male 42.6 6.2871 38.3 5.77431 36.2 5.63187 0.004

MSH (Panoramic) Female 40 6.84536 38.6 3.95035 37.6 4.61198 0.383

Male 39.7 5.85457 39.5 6.29177 35.5 6.47841 0.066

MSL (L.Cephalometry) Female 40.5 5.53022 39.8 6.99432 40 3.58805 0.909

Male 40.7 5.43267 40 4.72405 40.5 4.59342 0.898

MSL (Panoramic) Female 44.6 5.34749 43.9 3.87403 46.1 4.53685 0.303

Male 45.8 6.24494 48 5.3315 44.8 4.23603 0.158

aSD indicates standard deviation

using computed tomography and showed that volume of
maxillary sinus increased up to the age of 20 years, but
then decreased. Degermenci (? ) studied the age-related
development of maxillary sinus in children and found that
maxillary sinus volume measurements, were increased
with age in both sexes until 16 years old. Lorkiewicz-
Muszynska (? ) who assessed development of the maxillary
sinus from birth to age 18, showed that the maxillary sinus,
present at birth, increased in size until the end of the 18th
year .The growth pattern included changes in vertical, hor-
izontal and anterior-posterior directions. Also Oktay (? )
showed significant relation between age and maxillary si-
nus size and indicated that the size of the maxillary sinuses
increased as age increased. These results came in confor-
mity with the results concluded in this study.

Hopkin (? ) who investigated the cranial base as
an aetiological factor in malocclusions and Dibbets (? )
evaluated morphological associations between the Angle
classes, both investigator reported that the cranial base di-
mensions tend to be larger in male than female and pa-
tients with larger cranial bases tended to have larger max-
illary sinuses. Therefore male had a larger maxillary si-
nus size. Emirzeoglu et al. (? ) evaluated volume of the
paranasal sinuses in normal subjects using computer to-
mography images and showed a significant difference in
the volume of maxillary sinus between male and female
and males had larger size maxillary sinuses. Jalal (? ) who
estimated gender and age using spiral CT scanning of max-

illary sinuses and foramen magnum found that the maxil-
lary sinuses were significantly longer and higher in male
than in female. Degermenci (? ) and Endo et al. (? )
however, found no statistically significant difference be-
tween the volumes of maxillary sinuses and sex. This study
showed that male had larger maxillary sinus size than fe-
male (except MSH in panoramic images) but not signifi-
cant as confirmed by Endo et al. (? ) and Degermenci (?
). Small sample size might be the reason of this difference.

5.1. Conclusion

According to the result of this study TMSA and MSH
were significantly higher in maxillary deficiency group in
comparison with the maxillary normal and maxillary ex-
cess groups.
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