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Mehmet Toksöz • Ramazan Albayrak

Received: 26 June 2014 / Accepted: 16 December 2014 / Published online: 23 December 2014

� Springer-Verlag Berlin Heidelberg 2014

Abstract The aim of this study was to evaluate the

relationship between the maxillary sinus volumes and the

nasal septal deviation angles in patients with antrochoanal

polyps (ACP). 76 patients who underwent ACP surgery

were included in the study. Of those 36 patients who had

multislice computed tomography (MSCT) were evaluated

to calculate maxillary sinus volume. The records of para-

nasal MSCT of 36 healthy people without any paranasal

sinus diseases or surgery constituted age- and gender-

matched healthy controls. Maxillary sinüs volumes and

septal deviation angles were calculated using the paranasal

MSCT volume-rendering technique. Thirty-six patients in

the ACP group were compared with 36 polyp side-matched

healthy people. The mean age was 16.6 ± 6.7 years in

both groups. Statistically, the mean value of the maxillary

sinus volume was significantly higher in the ACP group

compared with the ACP side-matched control group

(15.1 ± 4.6 versus 12.0 ± 3.5 mm3) (p = 0.002). Fur-

thermore, the mean value of the maxillary sinus volume in

the non-polyp side (14.2 ± 4.7 mm3) was statistically

higher in the ACP group compared with the side-matched

control group volume (11.9 ± 3.8 mm3) (p = 0.024). In

addition, Fifty-three of 76 ACP patients had septal

deviation. While the septal deviation was on the same side

with the ACP in 17 patients, it was on the opposite side in

36 patients. In conclusion, the maxillary sinus volumes

increased in ACP patients compared with the healthy

control group. Many patients had nasal septal deviation on

the opposite side of the ACP.
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Introduction

Antrochoanal polyps (ACPs) are benign polypoid lesions

that originate in the maxillary sinus and extend into the

choana passing through the natural or accessory ostium

[1]. They represent approximately 4–6 % of all nasal

polyps in the general population and occur most com-

monly in children and young adults [2, 3]. Furthermore,

they rarely originate in the ethmoid sinus, sphenoid sinus,

middle turbinate, inferior turbinate, and hard and soft

palates [4]. Although some bilateral ACP cases have been

reported in the literature, ACP is almost always unilateral

[4, 5].

Several mechanisms, such as allergy, chronic inflam-

mation, vasomotor imbalance, the Bernoulli phenomenon,

aspirin intolerance, epithelial rupture, cystic fibrosis, and

infections have been proposed to explain the etiology of

nasal polyps [6]. The most commonly accepted hypothesis

is an intramural cyst originating from the maxillary sinus

[5, 7]. However, the etiology of ACP is still unknown, and

limited studies have been found in the literature.

The aim of this study was to evaluate the relationship

between the maxillary sinus volume and septal deviation

with ACP etiology.
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Materials and methods

Permission of the Local Ethical Committee was obtained.

The patient whom were operated due to ACP in our clinic

included into study as a ACP group. The records of pre-

operatively taken paranasal computed tomography of 76

ACP patients were collected retrospectively between 2008

and 2014 at the Radiology Department. 36 patients had

thin-slice paranasal CT and 40 patients had no thin-slide

paranasal CT in radiology archive. Thin-slice paranasal CT

of 36 age- and gender-matched patients without ACP were

collected as the control group. The patients without para-

nasal CT or having maxillofacial trauma, severe chronic

sinusitis, or paranasal and/or nasal surgery were excluded

from the study. All ACP patients operated via endoscopic

approach.

Maxillary sinus volume were calculated from 36 ACP

patients and 36 control patients with thin-slice paranasal

CT. Multislice computed tomography (MSCT, Philips

Brilliance ICT 64; Netherlands, scan setting, 120 kV, 150

mAs), the scan field of view (FOV) was 250 mm (colli-

mation: 64 9 0.625), and an image matrix of 512 9 512

was used. After scanning, the images were reconstructed,

and the volumes of the maxillary sinuses were automati-

cally calculated using a volume-rendering technique (VRT)

on a workstation (Extended Brilliance Workspace, Philips

Medical Systems) (Fig. 1). We calculated the volumes of

both sides of the maxillary sinus of all ACP patients and

the control group. The maxillary sinus volumes were cal-

culated as mm3. The angle between the linear line drawn

from the maxillary spine to the crista galli and the linear

line drawn from the crista galli to the most deviated part of

the nasal septum was accepted as a deviation angle

(Fig. 2). The direction of deviation was described by the

convexity of the septal curvature. The patients were divi-

ded into three groups according to the measured angle of

nasal septal deviation as: mild (\9), moderate (9–15), or

severe (15 and up) according to the grading system

described by Elahi et al. [8]

The mean volume of the right maxillary sinus in right

ACP patients in the ACP group was matched with the mean

volume of the right maxillary sinus of healthy patients in the

control group. Correspondingly, the mean volume of the left

maxillary sinus in left ACP patients in the study group was

Fig. 1 The measurement of the

maxillary sinus volume on the

ACP side and the opposite side

with marking in the axial,

coronal, and sagittal planes and

3D reconstruction of the right

maxillary sinus volume in the

same patient
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matched with the mean volume of the left maxillary sinus of

healthy patients in the control group. In addition, the volume

of the maxillary sinus on the opposite side of the ACP was

compared with side-matched patients in the control group.

The mean, standard deviation, the lowest and the highest

median, rate, and frequency were used as descriptive sta-

tistics of data. The distribution of variabilities was controlled

by the Kolmogorov–Simirnov test. The independent-sam-

ples t test and the paired-sample t test were applied in the

analysis of quantitative data and repetitive measurements,

respectively. The correlations were evaluated with Pearson

correlation analysis, and the Kappa test was also applied for

the adjustment. The SPSS 21.0 program was used in the

analysis.

Results

A total of 76 patients with ACPs were included in this

study, and 36 of them were female (F/M: 36/40). The mean

age was 16.6 ± 6.7 (9–35 years). ACPs were on the right

side in 37 patients.

Mean maxillary volume of 36 ACP patients whom had

thin-slice computed tomography were calculated. While the

mean maxillary sinus volume on the polyp side was

15.1 ± 4.6 mm3 in ACP patients, it was 12 ± 3.5 mm3 in the

side-matched control group. The mean maxillary sinus vol-

ume in ACP patients was significantly higher than those in the

control group (p = 0.002). The mean maxillary sinus volume

(14.2 ± 4.7 mm3) on the opposite site of the ACP was sig-

nificantly higher than the mean maxillary sinus volume of the

side-matched control group (11.9 ± 3.8 mm3) (p = 0.024).

Both side of the mean maxillary sinus volumes were not sta-

tistically significant in ACP group (p = 0.947). However, the

mean maxillary sinus volumes between the side-matched

polyp side and the opposite side were not statistically signif-

icant in control group (p = 0.157) (Table 1; Fig. 3).

There were 22 patients with ACP age 13 year or more.

While the mean maxillary sinus volume was 16.7 ± 5 mm3

in patients with ACP age 13 years or more, it was

13.5 ± 3.7 mm3 in the polyp-matched side in the control

group. The mean maxillary sinus volume in patients with

ACP was found to be statistically higher than side-matched

patients in the control group (p = 0.042). Although the mean

maxillary sinus volume on the non-polyp side in ACP

patients was higher (16.5 ± 4.7 mm3) than in the side-

matched control group (13.5 ± 4 mm3), no statistically

significant difference was found (Table 2).

Fifty-three of 76 ACP patients (69 %) had deviation

more than ‘‘zero’’ degree. 15 patients had mild deviation,

27 patients has moderate deviation, 11 patients had severe

deviation. While ACPs and septal deviations were on the

same side in 32.1 % (17 patients) of cases, they were on the

opposite side in 67.9 % of cases (36 patients). There was a

negative directional agreement between the septal devia-

tion side and ACP side (p = 0.010, Kappa = -0.346). The

mean angle of septal deviation was 10.8� ± 4.4� (5–18),

with the median value was 11�.
The deviation side and maxillary sinus volume were com-

pared in 36 ACP patients whose had thin-slice computed

tomography. The mean maxillary sinus volume in patients

whose ACPs were on the same side of the deviation was

Fig. 2 The angle between the linear line drawn from the maxillary

spine to the crista galli and the linear line drawn from the crista galli

to the most deviated part of the nasal septum

Table 1 Comparison of the mean maxillary sinus volumes between the patients with ACP and the side-matched control group

Polyp group Control group

Mean ± SD (Median) Min–max Mean ± SD (Median) Min–max p

Sinus volume

With ACP 15.1 ± 4.6 (15.2) 6.5–27.6 Paired side 12 ± 3.5 (11.6) 6.4–19.4 0.002

Without ACP 14.2 ± 4.7 (14.2) 5.3–24 Paired side 11.9 ± 3.8 (11.9) 6.4–20.0 0.024

p 0.947 0.157

Independent-samples t test, paired-sample t test
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15.1 ± 4.7 mm3 (7.6–25.3 mm3), and it was 15.9 ± 4.5 mm3

(6.5–27.6 mm3) in patients whose ACPs were on the opposite

of the deviation. There was no statistically significant difference

in maxillary sinus volumes between the septal deviation side

and the opposite side in patients with ACPs (p = 0.647). Fur-

thermore, in patients whose ACPs were on the deviation side,

there was no statistically significant difference between the

polyp side (15.1 ± 4.7 mm3) and the non-polyp side

(15.3 ± 5.4 mm3) mean maxillary sinus volumes (p = 0.832).

In patients whose ACPs were on the opposite side of the septal

deviation, there was no significant difference between the polyp

side (15.9 ± 4.5 mm3) and the non-polyp side mean maxillary

sinus volume (14.6 ± 4.3 mm3) (p = 0.133) (Table 3).

The relationship between the maxillary sinus volume

and the nasal septal deviation grade was evaluated in two

groups: ACP ipsilateral to the deviation and ACP contra-

lateral to the deviation. There was no statistically signifi-

cant correlation between the two groups regarding their

maxillary sinus volumes and nasal septal deviation angles

(p[ 0.05) (Table 4)

Discussion

ACP is composed of a cystic part filling the maxillary sinus

and a solid part emerging from the maxillary sinus ostium and

extending into the choana [7]. The pathogenesis of ACP is

unknown, and its etiology is still unclear. The most won-

dering issue is about the ACP, while almost all ACPs are

unilateral, nasal polyps are bilateral. For this reason, many

studies comparing ACPs and bilateral nasal polyposis have

been performed to enlighten the etiology of ACPs [9, 10].

Topal et al. [9] found that matrix metalloproteinases

(MMP-9) were higher in patients with ACP and nasal

polyps compared with the normal nasal mucosa. Min et al.

[10] suggested that inflammatory cells and eosinophils

were lower in ACP patients than in those with nasal pol-

yposis. Some studies have claimed that ACP could develop

from an intramural cyst in the maxillary sinus. Berg et al.

[7] reported that there was no histological difference

between an intramural cyst and ACP, as the fluid aspirated

from the cyst and ACP had the same histology. Chen et al.

[11] hypothesized that the development of cystic part of

ACP could be caused by aciner mucous gland obstruction

during the recovery period of chronic sinusitis. Mahfouz

et al. [12] found that the fibroblast growth factor—basic

(FGF-b) and that the transforming growth factor beta

(TGF-b) levels were higher in ACP patients than in

patients with chronic sinusitis or normal healthy nasal

mucosa. Sunagawa et al. [13] reported that urokinase-type

plasminogen activator (uPA) and inhibitor (uPAI) plays a

part in the pathogenesis of ACP. Jang et al. [14] stated that

the arachidonic acid metabolites has a role in the patho-

genesis of ACP. Cook and Chen [11, 15] reported that

allergic diseases could be involved in the etiology of ACP.

Fig. 3 Box and whisker plot showing the distribution of maxillary

volume in the control and ACP groups. Central box rule median;

lower and upper box borders first and third quartiles, respectively;

whiskers 95 % confidence interval; circles outliers

Table 2 Comparison of the mean maxillary sinus volume between the ACP group and the side-matched control group for patients age 13 years

or more

Polyp group Control group

C13 age Mean ± SD (Median) Min–max Mean ± SD (Median) Min–max p

Sinus volume

With ACP 16.7 ± 5 (15.4) 7.8–27.6 Paired side 13.5 ± 3.7 (13.0) 6.5–19.4 0.042

Without ACP 16.5 ± 4.7 (16.7) 8.8–24.0 Paired side 13.5 ± 4 (13.0) 7.4–20.0 0.055

p 0.803 0.993

Independent-samples t test, paired-sample t test
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In our series, the mean maxillary sinus volume on the ACP

side was significantly higher than those in side-matched

control patients. Considering only this data, one might think

that the maxillary sinus volume could be increased with the

effect of ACP. We also compared the mean maxillary sinus

volumes between the non-polyp side of patients with ACP

and side-matched control group. Statistically, we found that

the maxillary sinus volumes were even higher on the non-

polyp side in patients with ACP. Therefore, ACP itself did

not increase the volume of maxillary sinus, as ACP patients

had already higher bilateral maxillary sinus volumes.

The maxillary sinus volume increases rapidly with age

until 12 years, and then it slowes down untill early adulthood

[16]. As the maxillary sinus volume varies with age, we also

analyzed the patients over 13 years of age again to obtain

accurate results. We found that the maxillary sinus volumes

were higher in ACP patients than in the side-matched control

group for patients over 13 years of age. The increased volume

on the polyp side was statistically significant. Although the

maxillary sinus volumes on the non-polyp side of ACP

patients were higher than in the side-matched control group,

the difference was not statistically significant. This results

again showed that the maxillary sinus volumes were higher in

ACP patients than in the control group.

Some studies have revealed the variability of maxillary

sinus volumes with nasal septal deviation [17, 18]. Maxillary

sinus volumes on the opposite site of the deviation were

found to be larger [17, 18]. In our study, increased volumes

of maxillary sinuses in ACP patients were thought to con-

fuse us that it could be related to septal deviation. Therefore,

we compared the maxillary sinus volumes of ACP patients

on the ipsilateral and contralateral side to the deviation and

found no statistically significant difference among them.

These data showed that increased volumes of maxillary

sinuses were not associated with the nasal septal deviation.

Frosini et al. [5] stated that 55 % of patients had septal

deviation in their study consisting of 200 cases. Frosini et al.

did not comment on the relationship between septal deviation

side and its grade or angle. In our study, additionally, we

calculated the deviation angles objectively with the help of

MSCT. 15 patients had mild deviation, 27 patients have

moderate deviation, 11 patients had severe deviation. While

ACPs and septal deviations were on the same side in 32.1 %

(17 patients) of cases, they were on the opposite side in

67.9 % of cases (36 patients). Furthermore, Frosini et al.

claimed that intramural cyst herniated into the nasal cavity

from the maxillary sinus due to increased nasal airflow

caused by the Bernoulli principle and anatomical disturbances

in the nasal cavity. Frosini et al. also reported that inferior

turbinate hypertrophy and concha bullosa were frequent in

ACP patients. We know that compensatory hypertrophy of

the inferior turbinate occured on the opposite side of the

deviation [18]. Considering the same mechanism, ACP could

develop on the opposite side of the deviation to compensate.

Although ACP was usually found unilaterally, the volumes

of maxillary sinuses increased on both side of the nasal cavity

in our study. Besides, the reason why ACP was mostly uni-

lateral could be related to that, statistically ACP was found on

the contralateral side of the nasal septal deviation. Further

investigations about the evaluation of the nasal air flow will be

required to enlighten the above-mentioned issues.

Among the limitations of our study, we only measured

the nasal air flow with its relation to nasal septal deviation

regardless of the evaluation of the nasal turbinates.

Table 3 Comparison of the

mean maxillary sinus volumes

of patients with 36 ACP patients

according to their nasal septal

deviation side

Independent-sample t test,

paired-sample t test

Deviation ipsilateral to ACP group Deviation contralateral to ACP group

Mean ± SD (Median) Min–max Mean ± SD (Median) Min–max p

Sinus volume (mm3)

With polyp 15.1 ± 4.7 (15.2) 7.6–25.3 15.9 ± 4.5 (15.5) 6.5–27.6 0.647

Without polyp 15.3 ± 5.4 (16.4) 7.8–24.0 14.6 ± 4.3 (14.6) 5.3–22.6 0.716

p 0.832 0.133

Table 4 Comparison of the ACP with the deviation grade and deviation angle

Deviation ipsilateral to ACP group Deviation contralateral to ACP group p

Deviation angle (Mean ± SD) 11.6 ± 4.4 10.4 ± 4.3 0.377

Deviation grade, N (%)

Mild 4 (23.5) 11 (30.6) 0.555

Moderate 8 (47.1) 19 (52.6)

Severe 5 (29.4) 6 (16.7)

Chi-square test, independent-sample t test
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Furthermore, the nasal air flow resistance could be evalu-

ated with acoustic rhinomanometer in patients with ACP.

The results of patients with ACP could be compared with

patients with bilateral nasal poliposis. Further prospective

studies are required to cover all these limitations in future.

Conclusion

The maxillary sinus volumes increased in ACP patients

compared with the healthy control group. Many patients

had nasal septal deviation on the opposite side of ACP.

Further studies should be required to understand the

mechanism of ACP.
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