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Abstract
Background. The anatomy of  the maxillary sinus is especially important for dentists due to the close 
proximity of the sinus to the maxillary posterior teeth.

Objectives. The aim of the present study was to investigate the frequency of maxillary sinus pathology, 
anatomical variations, and the relationship between the tooth roots and the maxillary sinus by comparing 
a group with maxillary sinus hypoplasia (MSH) and a control group using cone-beam computed tomo-
graphy (CBCT). 

Material and methods. In the study, 69 CBCT images of 50 patients with MSH and 84 CBCT images 
of  49 patients without MSH were evaluated for pathology, and the presence of  an accessory ostium,  
a septum and Haller cells in each maxillary sinus.

Results. The coincidence of pathology with MSH was 29%, and with non-hypoplastic maxillary sinuses it 
was 44% (p = 0.055). An accessory ostium was found in 14.5% of scans with MSH and in 39.3% of those 
without MSH (p = 0.001). Haller cells were found in 2.9% of the MSH cases, whereas their incidence in 
the control group was 23.8% (p = 0.000). The occurrence of a sinus septum was at the level of 4.3% in the 
group with MSH and 23.8% in the group without MSH (p = 0.001).

Conclusions. The incidence of the relationship between the sinus wall and the posterior root apices was 
found smaller in the dentulous MSH patients. Also, the distance between the root apices and the sinus wall 
was longer in the dentulous MSH patients, and the vertical and horizontal alveolar bone was larger in the 
posteriorly edentulous MSH patients.
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Introduction 
The anatomy of the maxillary sinus is especially impor-

tant for dentists because of the close proximity of the si-
nus to the maxillary posterior teeth. In some cases, maxil-
lary sinusitis may have an odontogenic cause due to the 
close relationship between the sinus wall and the root 
apices of the maxillary posterior teeth, which can lead to 
some impairment, such as periodontal and periapical le-
sions and tooth extractions.1

The maxillary sinus, the largest paranasal sinus, be-
gins to develop in the 10th–12th week of gestation and the 
cavity becomes identifiable at 16 weeks of  gestation. At 
birth, the volume of the maxillary sinus is 6–8 mm3, and 
it increases with the the growth of the nasal cavity, the 
infraorbital wall, the alveolar process, and the zygomatic 
process. The volume of  the maxillary antrum increases 
vertically and laterally by 2  mm per year and by 3  mm  
per year anteroposteriorly. The final pneumatization of the  
maxillary sinus occurs principally in an inferior direction 
after the eruption of the maxillary teeth. The adult size is 
reached at the age of 15–18.2,3

Maxillary sinus hypoplasia (MSH) is a relatively rare clini-
cal condition,2 not particularly well-known among dentists 
and oral surgeons. Maxillary sinus hypoplasia can be con-
genital or acquired (due to surgery or trauma).4 Most cases 
of  MSH do not cause any symptoms in patients, who are 
unaware of their condition, and it is generally diagnosed in-
cidentally.2

Currently, cone-beam computed tomography (CBCT) is 
widely used in the diagnostic imaging of the head and neck 
region, although it is a relatively new radiological technique.5 
Cone-beam computed tomography enables three-dimen-
sional (3D) data acquisition, followed by image reconstruc-
tion, display, and interpretation. The CBCT scanning is rapid 
and delivers only low doses of radiation; its modality is ideal 
for imaging children and claustrophobic adults.6 Cone-beam 
computed tomography has been shown to be at least as good 
as computed tomography (CT) when used to examine bone 
structures (e.g., the skull base, the paranasal sinuses and the 
temporal bone) and pathologies in the oral and maxillofacial 
regions.7,8 Even though CBCT is commonly used by dentists, 
otolaryngologists also favor this technique because of  the 
good image quality it provides.9

The aim of  this study was to investigate the frequency 
of maxillary sinus pathology, anatomical variations, and the 
relationship between the tooth roots and the maxillary si-
nus by comparing the CBCT records of patients from the 
group with MSH and from the group without MSH.

Material and methods
In the study, 69 CBCT images of  50 patients with 

MSH and 84 CBCT images of 49 patients without MSH 
were used. In total, 153 maxillary sinuses of 99 patients 

were evaluated, of which 88 had teeth in the neighbor-
ing dental arch, whereas 65 dental arches adjacent to 
the maxillary sinuses were edentulous. Forty-five of the 
88 sinuses with the posterior maxillary teeth were hy-
poplastic sinuses, whereas of the 65 posteriorly edentu-
lous maxillary sinuses, 24 were hypoplastic. The CBCT 
records of the posteriorly edentulous patients belonged 
to people who had been scanned for pre-surgical im-
plant evaluation. The age of  the patients who partici-
pated in the study was between 20 and 90 years.

All the walls of the maxillary sinus and the teeth near 
the base of the sinus wall were determined as the work 
area of each half-jaw. A maxillary sinus with half or less 
of  the maximum horizontal or vertical linear dimen-
sion of the orbit on the same side was defined as hypo-
plastic (Fig. 1).10

The exclusion criteria were the following: dental loss 
and deficiency in the process area; an implant or a bone 
graft; large pathologies disrupting the anatomy of  the 
process area; planned surgery in the maxillary sinus; 
bone metabolism diseases; or third molars with no api-
cal foramina.

The CBCT images obtained from the Department 
of  Oral and Maxillofacial Radiology at the Faculty 
of  Dentistry of  İnönü University in Malatya, Turkey, 
were evaluated retrospectively by an experienced oral 
radiologist (N.D.). This study was approved by the 
İnönü University Scientific Research and Publication  
Ethics Committee (approval No. 2019/2-1 as of January 22,  
2019).

The images evaluated in the study were performed 
using the NewTom 5G CBCT device (NewTom,Verona, 
Italy) (standard 110 kVp, 20 mA maximum). The scan-
ning time was 18 s, and a display area of 18 cm × 16 cm 
or 15 cm × 12 cm (field of view – FOV) was used. The 
voxel values of the images were 0.3 mm, 0.25 mm and 
0.2 mm.

Fig. 1. The right maxillary sinus is considered hypoplastic, since the 
maximum maxillary dimension is less than half the maximum orbital 
dimension – 18.4 < 18.6 (37.2 / 2); the left maxillary sinus is not regarded 
as hypoplastic, as the maximum maxillary dimension is more than half the 
maximum orbital dimension – 25 > 18.9 (37.8 / 2)
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The CBCT images were evaluated using the NNT 
(New NewTom) software. All images reviewing coronal 
sections, pathology and the presence of accessory ostia, 
septa and Haller cells in each maxillary sinus were evalu-
ated and recorded with regard to the groups with and 
without MSH (Fig.  2). We also evaluated whether the 
tooth root apices were associated with the maxillary sinus 
(Fig. 3A,3B).

In the maxillary sinuses with the posterior teeth, the 
distance between the closest tooth root to the maxillary 
sinus wall and the sinus was measured linearly along the 
tooth root–sinus floor in the groups with and without hy-
poplasia, respectively (Fig. 3C,3D). When the tooth root 
penetrated the sinus wall, the distance from the sinus wall 
to the root apices was accepted as 0 (Fig. 3E).

In the maxillary sinuses without the posterior teeth, 
the narrowest alveolar crest width, along with the verti-
cal length where the distance between the alveolar crest 
and the maxillary sinus was the smallest, was measured 
linearly (Fig. 4).

The data obtained in this study were analyzed with the 
IBM SPSS Statistics for Windows software, v. 22 (IBM 
Corp., Armonk, USA). When investigating the nor-
mal distribution of variables, the Shapiro–Wilk test was  

utilized due to the number of units. When examining the 
differences between the groups, the Mann–Whitney U-test  
was chosen, as the variables were not normally distri-
buted. The χ2 test was used when examining the relation-
ships between the groups with nominal variables. When 
interpreting the results, the level of  significance was set 
at 0.05. The kappa value for the inter-observer agreement 
was calculated.

Results
In this study, the mean age of the population of 99 pa-

tients – 43 men (43.3%) and 56 women (56.7%) – was 
found to be 42.25 ±14.27 years (min: 20; max: 90). The 
mean age of the patients with MSH was 41.1 years (min: 20;  
max: 90) and the mean age of  the patients without  
MSH was 43.53 years (min: 21; max: 74). There were 
50  patients with MSH, including 22 men (44%) and 
28  women (56%). There were 49 people without MSH 
– 21 men (42.9%) and 28 women (57.1%). In the study, 
153  maxillary sinuses of  99  patients were evaluated. 
Eighty-four of these 153 sinuses belonged to female pa-
tients, whereas 69 belonged to male patients.

Fig. 2. A – mucosal thickening (>3 mm); B – mucosal retention cyst (arrow) and polypoid lesion (asterisk); C – accessory ostium; D – septum; E – Haller cells
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A total of  88 maxillary sinuses (45 hypoplastic and 
43  non-hypoplastic) belonging to 56 patients with the 
posterior teeth (31 women and 25 men) were evaluated. 
Twenty-three of the 45 hypoplastic maxillary sinuses with 
the posterior teeth belonged to female patients, whereas 
22 of them belonged to male patients. Twenty-five of the 
43 non-hypoplastic maxillary sinuses with the posterior 
teeth belonged to female patients and 18 of them to male 
patients (Table 1).

A total of  65 maxillary sinuses (24 hypoplastic and 
41  non-hypoplastic) belonging to 43 posteriorly eden-
tulous patients (25 women and 18 men) were evaluated. 
Thirteen of  the 24 hypoplastic maxillary sinuses with 

Fig. 3. A – tooth roots associated with the maxillary sinus; B – unbound; C,D – distance between the tooth root apices and the sinus wall; E – tooth root 
penetrating the sinus wall

Table 1. Prevelance of maxillary sinus hypoplasia (MSH) by gender

Study group Gender Patients  
n (%)

Maxillary sinuses  
n (%)

Dentulous  
hypoplastic sinus

female 17 (17.17) 23 (15.03)

male 15 (15.15) 22 (14.38)

Dentulous  
non-hypoplastic sinus

female 14 (14.14) 25 (16.34)

male 10 (10.10) 18 (11.76)

Edentulous  
hypoplastic sinus

female 11 (11.11) 13 (8.50)

male 7 (7.07) 11 (7.19)

Edentulous  
non-hypoplastic sinus

female 14 (14.14) 23 (15.03)

male 11 (11.11) 18 (11.76)

Total N 99 153
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posteriorly edentulous jaws belonged to female patients, 
whereas 11 of  them belonged to male patients. Twenty-
three of  the 41  non-hypoplastic maxillary sinuses with 
posteriorly edentulous jaws belonged to female patients 
and 18 of them to male patients (Table 1).

Comparison of the group with maxillary 
sinus hypoplasia and the group without 
maxillary sinus hypoplasia in terms 
of anatomic variations 

The incidence of pathology in the group with MSH was  
29%, whereas it was 44% in the group with non-hypoplastic  
maxillary sinuses. No statistically significant difference 
was found when comparing these 2 groups (Table 2).

In the group with MSH, the incidence of an accessory 
ostium was 14.5%, whereas 39.3% of  the group without 
MSH had an accessory ostium. A statistically significant 
difference was found when comparing these 2 groups 
(Table 2).

Haller cells were found in 2.9% of the group with MSH, 
whereas 23.8% of the scans without MSH displayed Haller 
cells. This difference was statistically significant (Table 2).

The presence of a maxillary sinus septum was observed 
in 4.3% of  the group with MSH, whereas it was 23.8% 
in the group without MSH. When these 2 groups were 
compared, a statistically significant difference was found 
(Table 2).

Comparison of the group with maxillary 
sinus hypoplasia with the posterior teeth 
and the group without maxillary sinus 
hypoplasia with the posterior teeth 

The incidence of  the root–sinus relationship in the 
group with MSH was 2.2%, whereas it was 32.6% in the 
group without MSH. A statistically significant difference 
was found between these 2 groups (Table 2).

In the patients with MSH and the posterior teeth, 
the minimum distance of  the root apex to the sinus 
base was found to be 5.98 mm on average. This value 
was 0.62 mm in the group without MSH, but with the 
posterior teeth. The difference between these 2 values  
was statistically significant (p  =  0.000) (Table  3).  

Fig. 4. Horizontal and vertical alveolar  
crest dimensions

A – hypolastic sinus;  
B – non-hypoplastic sinus.

Table 2. Statistical comparison of pathology, anatomic variations and the tooth 
root–sinus relationship in hypoplastic and non-hypoplastic maxillary sinuses

Pathology, anatomical 
variations, root–sinus 

relationship

Hypoplastic 
maxillary sinuses 

n (%)

Non-hypoplastic 
maxillary sinuses 

n (%)
p-value 

Pathologya 20 (29) 37 (44) 0.055

Accessory ostiuma 10 (14.5) 33 (39.3) 0.001*

Haller cellsa 2 (2.9) 20 (23.8) 0.000*

Septuma 3 (4.3) 20 (23.8) 0.001*

Root–sinus relationshipb 1 (2.2) 14 (32.6) 0.000*

a comparison between all maxillary sinuses; b comparison between 
dentulous maxillary sinuses; * statistically significant; χ2 test.
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The kappa value (inter-observer agreement) was 0.92 
for the closest distance between the root apex and the 
sinus base.

Comparison of the group with maxillary 
sinus hypoplasia without the posterior  
teeth and the group without maxillary sinus  
hypoplasia without the posterior teeth 

In the group with MSH without the posterior teeth, the 
minimum horizontal dimension of the alveolar crest was 
5.17 mm on average. This value was found to be 3.83 mm 
in the group without MSH and without the posterior 
teeth. There was a  statistically significant difference be-
tween these 2 values (p = 0.002) (Table 3). The kappa value  
(inter-observer agreement) was 0.87 for the minimum 
horizontal alveolar crest dimension.

In the patients with MSH without the posterior teeth, 
the minimum vertical dimension of  the alveolar crest 
was found to be 12.47  mm on average. This value was 
5.03 mm in the group without MSH and without the pos-
terior teeth. There was a  significant difference between  
these 2 values (p = 0.000) (Table 3). The kappa value (inter-
observer agreement) was 0.87 for the minimum vertical 
alveolar crest dimension.

Discussion
The maxillary sinus is located between the nasal and 

oral cavities, so maxillary sinus diseases are most often 
caused by bacterial invasion.11 Root canal treatment, 
a tooth extraction or trauma may cause the bacteria of the 
dental area to pass into the maxillary sinus. When look-
ing at the bacterial pathways leading to acute sinusitis,12 
pathogenic bacteria have been observed in the oral cavity 
(Streptococcus pneumoniae, Haemophilus influenza and 
Moraxella catarrhalis). In the present study, the relation-
ship between MSH and the root apices was compared 
with regard to normal sinuses, which has not been done 
before. The relationship between the maxillary sinus  

floor and the maxillary tooth root tips was greater in the 
patients without MSH than in the MSH patients. More-
over, the minimum distance between the root apex and 
the sinus floor was compared between the MSH group 
and the group without MSH. The minimum distance 
between the maxillary sinus floor and the maxillary 
tooth root tip was shorter in the patients without MHS 
than in the MSH patients. In other words, the sinuses 
in the MSH patients were farther away from the den-
tal area. There have been studies reporting that chronic 
inflammation in the maxillary sinus has a  dental ori-
gin in 14–24% of cases.13,14 Although not confirmed by 
other studies, the risk of sinus infections of dental ori-
gin was predicted to be lower in the case of MSH. The 
present study revealed that fewer complications are to 
be expected in posterior maxilla endodontic and surgi-
cal treatment of MSH patients due to a longer distance 
from the root apex to the sinus floor. Also, due to the 
sufficient amount of bone, this area might be regarded 
as a suitable autograft area.

Researchers have reported similar results of  sinus in-
fections in patients with MSH. Erdem et al. revealed 
a  relationship between MSH and chronic maxillary si-
nusitis.15 They suggested that hypoplasia or an absent  
uncinate process may be the cause of sinusitis.15 Similarly,  
Milczuk et al. mentioned a  relationship between MSH 
and chronic maxillary sinusitis in children.16 In our study, 
there was a  lower prevalence of  sinus pathology in the 
patients with MSH than in the control group, although 
the difference was not statistically significant.

Haller cells were first described by Albrecht von Haller 
in 1765 and alternatively named infraorbital ethmoid 
cells. These cells are mostly encountered as incidental 
findings during the CT examination of the paranasal si-
nuses. Haller cells develop into the floor of the orbit (the 
medial portion) and above the maxillary sinus ostium 
(the lateral portion). Although unilateral Haller cells are 
encountered frequently, bilateral Haller cells are rare.17,18 
The presence of Haller cells is thought to be a basic fac-
tor in recurrent maxillary sinusitis,18,19 especially because 
various retrospective studies have shown a crucial corre-
lation between the size of Haller cells (greater than 3 mm)  

Table 3. Statistical comparison of the average minimum distance between the root apices and the sinus, and the average minimum horizontal and vertical 
alveolar crest dimensions in hypoplastic and non-hypoplastic maxillary sinuses

Measurement
Hypoplastic maxillary sinuses Non-hypoplastic maxillary sinuses

p-value
n min max M ±SD n min max M ±SD

Minimum distance between the root apex  
and the maxillary sinus floora  
[mm] 

45 0 15.0 5.98 ±3.83 43 0 7.5 0.62 ±1.42 0.000*

Minimum horizontal alveolar crest dimensionb  
[mm]

24 2.8 8.5 5.17 ±1.87 41 1.3 13.4 3.83 ±2.10 0.002*

Minimum vertical alveolar crest dimensionb  
[mm]

24 4.0 19.5 12.47 ±3.94 41 0.5 13.3 5.03 ±3.08 0.000*

M – mean; SD – standard deviation; a comparison between dentulous maxillary sinuses; b comparison between edentulous maxillary sinuses; * statistically significant; 
Mann–Whitney U-test. 
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and maxillary sinusitis.16,20 In the present study, Haller 
cells were found considerably less often in the patients 
with MSH than in those with normal sinuses. Accord-
ing to our study, a  low occurrence of Haller cells in the 
patients with MSH may be considered as a factor that re-
duces the likelihood of maxillary sinusitis as compared to 
the patients without MSH.

Although there are no studies in the literature inves-
tigating the direct effect of a sinus septum on maxillary 
sinus infections, the perforation of  the maxillary sinus 
mucosa, which is one of the complications especially in 
implant surgery, is a highly serious situation. Studies have 
shown that the risk of perforation increases in the pre-
sence of a sinus septum and that the placement of graft 
material in the region is difficult.21 In our study, the in-
cidence of a sinus septum in the patients with MSH was 
found to be statistically lower than in the patients with-
out sinus hypoplasia, so it could be interpreted that it was 
safer in terms of perforation risk.

It is still controversial in the literature whether an ellip-
tically shaped accessory ostium,22 which can be easily dia-
gnosed during routine endoscopic nasal examinations, is 
congenital or acquired following acute maxillary sinus-
itis.23 This anatomic variation has been thought to play 
a role in the development of maxillary sinusitis.24 Some 
researchers have suggested that an accessory maxillary 
ostium develops as a  result of  maxillary sinusitis, since 
they have reported that the prevalence of  an accessory 
maxillary ostium is higher in patients with infundibular 
narrowing or a maxillary sinus infection.25,26 In our study, 
the prevalence of an accessory ostium was significantly 
lower in the patients with MSH, which supports the idea 
that the risk of a sinus infection from an accessory ostium 
is lower than in non-MSH patients.

The required alveolar bone height for long-term im-
plant prognosis should be a  minimum of  10–12  mm. 
Unfortunately, the alveolar bone height in posteriorly 
edentulous maxillae below the maxillary sinuses is often  
less than 10  mm.27 Although there is no precise ratio 
provided, it has been observed that as the vertical height 
increases, the cumulative success rate of a dental implant 
increases in the long term (10–12 years).28 Some alter-
native methods are available to solve this problem, such 
as augmenting the maxillary bone, using zygomatic im-
plants or using short implants (4–8-millimeter long).29 
In our study, the mean minimum vertical alveolar bone 
height in the posterior maxillae with MSH was found to 
be 12.47 mm, which was statistically significantly higher 
than in the patients without sinus hypoplasia. Addition-
ally, the mean minimum horizontal alveolar bone dimen-
sion in the posterior maxillae with MSH was found to 
be statistically greater than in the patients without sinus 
hypoplasia. Clinically speaking, implant surgery can be 
safe in patients with posteriorly edentulous maxillae and 
MSH due to the vertical and horizontal bone dimensions, 
according to our study.

Conclusions
This study differs in some aspects from others in the 

literature. The results show that in the case of  MSH, 
endodontic and surgical treatment is less likely to cause 
complications due to a larger distance between the tooth 
apex and the sinus floor. Anatomical variations that can 
cause sinusitis, such as accessory ostia and Haller cells, 
were found to be less frequent in the MSH patients. Other 
anatomical variations, such as sinus septa, were found to 
be less frequent in MSH. For implant surgery, the bone 
mass was found to be higher in the posteriorly edentulous 
maxillae of  the MSH patients, as the dimensions of  the 
posterior alveolar vertical and horizontal bone proved to 
be greater in the case of  MSH. Before a  surgical proce-
dure, clinicians should at least be aware of this anatomical 
change.
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