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ABSTRACT
OBJECTIVE: The aim of this study was to evaluate the frequency of anatomical variation in nasal cavity and 
paranasal sinuses by comparing a unilateral cleft lip and palate (UCLP) group with a non-syndromic control 
group using cone beam computed tomography (CBCT).
SUBJECTS AND METHODS: This study included 24 UCLP patients in the UCLP group and 24 non-syndromic 
patients in the control group. Coronal CBCT images were taken in all patients and were evaluated for anatomi-
cal variation. The measurements obtained in this study were analysed using chi-square and Fisher’s exact tests 
to compare the two groups statistically.
RESULTS: In the UCLP group, there were statistically lower frequencies of pterygoid process pneumatisation 
(p<0.05), higher wing pneumatisation (p<0.05), and sphenoid sinus over pneumatisation (p<0.05), and statisti-
cally higher frequencies of anterior nasal septal deviation (p<0.05) compared to the control group.
CONCLUSION: A higher incidence of anterior nasal septal deviation was found in UCLP patients compared to 
the patients in the control group. It is likely that for this reason, UCLP patients might be predisposed to sinusi-
tis. In UCLP patients, the incidence of neurovascular structures in the sphenoid sinus was lower than that in 
non-syndromic control patients (Tab. 1, Fig. 6, Ref. 33). Text in PDF www.elis.sk.
KEY WORDS: cleft lip and palate, paranasal sinus, anatomical variation, nasal cavity, cone beam computed 
tomography.
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Introduction

The paranasal sinus region is a large varied and complex fi eld 
(1), and congenital anomalies and anatomical variation may cause 
diffi culties during functional endoscopic sinus surgery (2). Certain 
anatomical variations in this fi eld may lead to chronic sinusitis and 
mucosal diseases (3). To prevent damage to adjacent structures, it 
is important that surgeons are aware of certain anatomic variation 
prior to performing sinus surgery (2).

Conventional dental imaging methods such as: panoramic and 
lateral cephalometric radiography are generally used for planning 
of orthodontic and maxillofacial surgical treatment (4). Never-
theless, conventional radiology has several limitations includ-
ing providing only a two-dimensional assessment of the skeletal 
confi guration and the fact that structural superimposition does not 

allow precise exploration of the sinus region (5). With the advan-
tage of three-dimensional imaging, clinicians are able to observe 
anatomical structures clearly. Cone beam computed tomography 
(CBCT) is a useful method for the evaluation of the paranasal si-
nuses. CBCT is regarded as equivalent to computed tomography 
(CT) in obtaining diagnostic information. Moreover, CBCT has 
some advantages compared to CT, such as a shorter imaging time, 
low cost, and low radiation exposure (4).

The anatomical variation in paranasal sinuses has been well 
documented in earlier studies; however, there is a need for addi-
tional information regarding UCLP patients. The aim of this study 
was to evaluate the frequency of anatomical variation in parana-
sal sinus and nasal cavity by comparing the UCLP group with the 
control group using CBCT.

Subjects and methods

CBCT images of 24 unilateral cleft lip, alveolus, and palate 
patients (10 females and 14 males, mean age: 19.9 ± 7.7 years old; 
min: 16, max: 41) and 30 non-syndromic patients (9 females and 15 
males, mean age: 19.9 ± 7.7 years old; min: 16, max: 45) were retro-
spectively evaluated from the archives of the University, Faculty of 
Dentistry, Department of Oral and Dentomaxillofacial Radiology. 

CBCT images in the UCLP group were part of the diagnostic 
records collected during the preoperative examination prior to 
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orthodontic treatment, and those in the control group were from 
patients, who had undergone a CBCT scan for any other reason. 
Some patients were excluded from this study according to the fol-
lowing exclusion criteria: 
• Advanced infl ammatory diseases, nasal polyposis, or serious 

rhinosinusitis.
• History of skull base, face, and nasal trauma. 
• Prior sinonasal surgery.

The study fi eld determined the anterior wall of the frontal sinus 
to the posterior wall of the sphenoid sinus in the horizontal plane 
and the inferior wall of the maxillary sinus to the upper wall of 
the frontal sinus in the vertical plane. 

All CBCT images included in the present study were evaluated 
by the same experienced maxillofacial radiologist.

To obtain CBCT images, a Newtom 5G (Verona, Italy) device 
was used. The kilo voltage setting was 110, with an intensity of 
1–20 mA, a scanning time of 18 s, an exposure time of 3.6 s, and 
voxel sizes of 0.2, 0.25, or 0.3 mm3. Coronal CBCT sections (1-
mm thickness and 1-mm step) were used for the evaluation of the 
anatomical variation in nasal cavity and paranasal sinuses in both 
groups. This disease was evaluated as either being present or absent. 
Anatomical variation evaluated in this study is summarized below: 

1) Conchal Variation 
• Concha bullosa (CB): pneumatisation of the middle concha 

(Fig. 1a) (6).
• Paradoxical middle concha (PMC): the convex portion of the 

concha is on the opposite side, and it usually occurs in the middle 
concha (Fig. 1b) (7).

• Secondary middle concha (SMC): a bony projection that arises 
from the lateral nasal wall and extends into the nasal cavity 
(Fig. 1c) (8).

2) Septal Variation
• Nasal septal deviation (anterior and posterior part) (ANSD-

PNSD): tilting of the septum (Figs 2a–b).

3) Maxillary Variation
• Maxillary sinus hypoplasia (MSH): the maxillary sinus maxi-

a b c

Fig. 1. In coronal CBCT scan, (a) concha bullosa (asterix), (b) paradoxical middle concha (arrowhead), (c) secondary middle concha (arrow).

a b

Fig. 2. In coronal CBCT scan, nasal septal deviation anterior (arrow) 
and posterior part (arrowhead).

a b c

Fig. 3. In coronal CBCT scan, (a) maxillary sinus hypoplasia (asterix), (b) maxillary sinus accessory ostium (arrow), (c) maxillary sinus sep-
tum (arrowhead).
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mum vertical or horizontal length is less than half the orbital 
maximum vertical or horizontal length (Fig. 3a) (9).

• Maxillary sinus accessory ostium (MSAO): an extra ostium in 
addition to the natural ostium (Fig. 3b) (10).

• Maxillary sinus septum (MSS): a cortical bone projection into 
the sinus that arises from the inferior or lateral walls of the si-
nus (Fig. 3c) (11).

4) Sphenoidal Variation
• Anterior clinoid process pneumatisation (ACPP): extension 

of the sinus cavity into the anterior clinoid process (Fig. 4a).

• Pterygoid process pneumatisation (PPP): extension of the si-
nus cavity beyond the vertical line of the foramen rotundum 
(Fig. 4b) (12).

• Greater wing pneumatisation (GWP): extension of the sinus cav-
ity beyond the vidian canal in the horizontal plane (Fig. 4b) (12).

• Sphenoid sinus over pneumatisation (SSOP): occurrence of at 
least one of the following conditions in the sphenoid sinus; an-
terior clinoid process pneumatisation, pterygoid process pneu-
matisation, and greater wing pneumatisation.

5) Frontal Variation
• Inter-frontal sinus septal cell (IFSC): appearance of a pneuma-

tisation into the inter-frontal sinus septum (Fig. 5) (13).

6) Ethmoidal Variation
• Kuhn cell (KC): cell located above the agger nasi cell, and with 

several types (Fig. 6a) (14).
• Agger nasi cell (ANC): the most anterior ethmoid cell (Fig. 

6b) (2).
• Haller cell (HC): develops under the medial orbital fl oor and 

medial roof of the maxillary sinus (Fig. 6c) (7).
• Onodi cell (OC): the most posterior ethmoid cell, located in the 

posteromedial sphenoid sinus (Fig. 6d) (15).

When more than one variation such as ACPP, PPP, and GWP 
was observed in the sphenoid sinus, the condition was accepted 
as sphenoid sinus over pneumatisation. Nasal septal deviation 
was evaluated as the anterior (region of the condrovomeral junc-
tion) and the posterior (back of the condrovomeral junction) parts.

Chi-square and Fisher’s exact tests were used for statistical 
analysis of the differences between the UCLP and control groups 
(p<0.05).

Results

The frequencies and p values of the anatomical variation in 
the nasal cavity and paranasal sinuses of the UCLP and control 
groups are presented in Table 1. The most common anatomical 
variation was found to be ANC (100 %) in both groups. The least 
anatomical variation was found to be MSH (4.2 %) and ACPP (4.2 
%) in the UCLP group and MSH (0 %) in the control group. Sta-

Fig. 4. In coronal CBCT scan, (a) anterior clinoid process pneuma-
tization (arrowhead), (b) pterygoid process pneumatization (asterix) 
and greater wing pneumatization (arrows).

a b

Fig. 5. In coronal CBCT scan, interfrontal sinus septal cell (asterix).

a b c d

Fig. 6. In coronal CBCT scan, (a) kuhn cell (arrowhead), (b) agger nasi cell (asterix), (c) haller cell (arrow), (d) onodi cell (circle).
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tistically signifi cant differences were found in pterygoid process 
pneumatisation, greater wing pneumatisation, SSOP, and ANSD 
between the UCLP and control groups (p < 0.05).

Discussion

CLP holds an important place among birth abnormalities, 
and its prevalence is 1/800–1000 in non-syndromic patients (16). 
In patients with UCLP, middle ear and mastoid problems, dental 
anomalies, and maxillary sinus volume shortage are observed 
frequently (17, 18). Recently, investigations into nasal cavity and 
paranasal sinuses in CLP patients had increased, because rhinosi-
nusitis was commonly observed in these patients (19). The treat-
ment of these patients is jointly performed by several disciplines 
such as: otorhinolaryngology, prosthetic dentistry, oral and max-
illofacial or plastic surgery, and orthodontics. However, the ana-
tomical structures in these patients may be different from normal 
anatomy; thus, abnormalities should be evaluated carefully before 
the treatment. Therefore, the frequency of the anatomical variation 
of the nasal cavity and paranasal sinuses was evaluated in UCLP 
patients using CBCT in this study. 

Conchal variation
Conchal anatomical variation (CB, PMC, and SMC) was 

evaluated in the present study; however, no signifi cant differ-
ences between the UCLP and control groups were found. CB and 
SMC were found at a high rate in both groups; however, these 
only obstructed the middle meatus and osteomeatal unit, causing 
sinusitis (8,20), if they were severe.

Nasal septal variation
Nasal septal deviation is the tilting of the septum, a malforma-

tion that is expected and often observed in UCLP patients. UCLP 
leads to enlargement of the nose wings, thus, the tip of the nose 

points towards the cleft side and the septal base points towards the 
non-cleft side (21), leading to nasal septal deviation, especially in 
the anterior part. According to the results of the present study re-
lating to septal variations, the frequency of anterior nasal septum 
deviation in the UCLP group was signifi cantly larger than in the 
control group (p < 0.05), which is in accordance with previous 
results presented in the literature (22). However, there was no dif-
ference in terms of PNSD. Advanced septal deviation may lead to 
a narrow or blocked meatus, pushing the middle concha towards 
the lateral wall. This situation also increases the risk of secondary 
infl ammation and infection (23).

Yasan et al (24) found that only severe nasal septal deviation 
is a risk for chronic rhinosinusitis. In particular, when nasal septal 
deviation is located in the nasal valve area, a patient will be more 
predisposed to rhinosinusitis (25, 26). Kuijpers et al (17) reported 
that the frequency of nasal septal deviation in UCLP patients was 
34 %, however, in our UCLP group, this frequency was found to 
be 91.7 % in both the anterior and posterior parts. The reason for 
this difference is likely due to the fact that both bilateral and uni-
lateral CLP patients were evaluated in the study by Kuijpers et al 
(17) whereas in our study, only UCLP patients were examined. 

Maxillary variation
When the maxillary sinus variation was evaluated, there were 

no statistically signifi cant differences in MSH, MSAO, or MSS 
between the UCLP and control groups. MSH may cause a reduc-
tion in drainage due to the malposition of the ostium, resulting in 
a predisposition to sinusitis (19,27).

MSAO occurs when there is an extra ostium in addition to 
the natural ostium, providing a connection between the maxillary 
sinus and the middle meatus (28), which may cause sinusitis by 
allowing easier pathogen access (29). MSS is important for im-
plant surgery, since the membrane perforation risk increases in the 
presence of this variation (30).

Nasal Cavity and Paranasal Sinus Anatomical Variations CLP group n (%) Control group n (%) Inter-group comparisons ¥
Concha Bullosa 21 (87.5) 20 (83.3) ns
Paradoxical Concha 11 (45.8) 9 (37.5) ns
Secondary Middle Concha 22 (91.7) 20 (83.3) ns
Anterior Nasal Septal Deviation 22 (91.7) 11 (45.8) ***
Posterior Nasal Septal Deviation 22 (91.7) 16 (66.7) ns
Nasal Septal Spur 13 (54.2) 11 (45.8) ns
Maxillary Sinus Hypoplasia 1 (4.2) 0 ns
Maxillary Sinus Accessory Ostium 13 (54.2) 11 (45.8) ns
Maxillary Sinus Septum 12 (50) 8 (33.3) ns
Anterior Clinoid Process Pneumatization 1 (4.2) 4 (16.7) ns
Pterygoid Process Pneumatization 6 (25) 15 (62.6) **
Greater Wing Pneumatization 5 (20.8) 16 (66.7) ***
Sphenoid Sinus Over Pneumatization 7 (29.2) 16 (66.7) **
Interfrontal Sinus Septal Cell 15 (62.5) 8 (33.3) *
Agger Nasi Cell 24 (100) 24 (100) ns
Haller Cell 10 (41.7) 7 (29.2) ns
Onodi Cell 6 (25) 3 (12.5) ns
Kuhn Cells 19 (79.2) 19 (79.2) ns
¥ According to Chi-square and Fisher’s exact tests; *** p < 0.001, ** p < 0.01, * p < 0.05, ns – there is no statistically signifi cant difference, n – number of samples, SD – 
standard deviation

Tab. 1. The distribution of the anatomical variations according to the groups.
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Sphenoidal variation
Sphenoid sinus is a critical sinus due to its relationships with 

important adjacent structures. During the process of development, 
sinus and neighbouring structures may show various variations 
(31). ACPP is one of the most important sphenoid sinus varia-
tions, and is also seen anatomically near the optic nerve, internal 
carotid artery, and ophthalmic artery. These important structures 
may be damaged during surgery in the case of ACPP (32). Şirikci 
et al (31) evaluated patients with chronic infl ammatory disease 
of the nasal cavity and paranasal sinuses, and reported that the 
rate of ACPP was 13.3 %. However, in our study, the frequency 
of ACPP was found to be only 4.2 % in the UCLP group, which 
reduced the potential risks. 

The other three sphenoid sinus variations evaluated in the 
present study (PPP, GWP, and SSOP) showed differences between 
groups, being signifi cantly lower in the UCLP group than in the 
control group (p < 0.05).

PPP is an important way to reach the base of the skull, and 
treatment of CSF leakage and endoscopic biopsy from skull base 
lesions can be conducted via this route (12). According to the re-
sults of the present study, PPP frequency was lower in the UCLP 
group than in the control group (p < 0.05), and therefore, it is con-
sidered that patients with UCLP are deprived of this advantage. 

GWP is a pneumatisation beyond the vertical line of the fora-
men rotundum in the sphenoid sinus (12). The number of studies 
in literature regarding this variation is inadequate. 

The last sphenoid sinus variation is SSOP, where the optic, 
vidian, and maxillary nerves may be located in the sphenoid sinus. 
According to the results of the present study, SSOP was found sta-
tistically more frequently in the control group than in the UCLP 
group. This fi nding in UCLP patients is the fi rst information in 
literature regarding sphenoid sinus pneumatisation. This infor-
mation suggests that, compared to the patients with UCLP, more 
neurovascular structures may be located in the sphenoid sinus in 
normal patients, and therefore the risk of complications during 
surgery is lower in patients with UCLP than in normal patients.

Frontal variation
IFSC is the appearance of a pneumatisation in the inter-frontal 

septum (13). The clinical signifi cance of this variation is uncertain 
(33), and there was no signifi cant difference between the groups.

Ethmoidal variation
ANC is the most anterior ethmoid cell, and large ANC may 

narrow the frontal recess (2). Ocular complications develop in the 
case of sinus disease, which is related to ANC, since ANC is in 
close proximity to the lacrimal sac (2). ANC was observed in all 
patients in both groups, and there were no signifi cant differences 
between the two groups. This high frequency shows that correct 
localization of ANC is very important for the diagnosis and treat-
ment of sinusitis. KC (frontal cell) is located in the upper ANC, 
and HC develops under the medial orbital fl oor and the medial 
roof of the maxillary sinus, both of which may also lead to sinus-
itis (7, 14). OC is the most posterior ethmoid cell, located in to 
posteromedial sphenoid sinus. OC may be in close proximity to 

the optic nerve, which is important for surgery (15). In our study, 
there were no statistically signifi cant differences in ANC, HC, or 
OC between the UCLP and control groups.

Conclusions

In UCLP groups, ANSD was seen more frequently than in the 
control groups, and for this reason, UCLP groups may be more 
predisposed to sinusitis compared to normal individuals. 

In UCLP groups, pterygoid process pneumatisation, greater 
wing pneumatisation, and SSOP was seen less frequently than in 
control patients. Clinically, this information is important for en-
doscopic surgery of the sphenoid sinus in UCLP groups. 

In further studies, anatomical variation in the nasal cavity 
and paranasal sinuses should be examined in subgroups of the 
CLP groups.
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