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ABSTRACT 

Objective: Cleft lip and palate (CLP) is one of the most 
common congenital anomalies in the craniofacial region. Many 
malformations involving the midface may occur in patients with 
CLP. This study aimed to evaluate the effect of a cleft on maxillary 
sinus pathology (MSP), concha bullosa and ostium obstruction 
using cone beam computed tomography (CBCT).
Methods: A total of 90 patients out of which 30 were categorized as 
unilateral CLP (UCLP), 30 were categorized as bilateral CLP and 
30 were categorized as control, were included in this retrospective 
study. The effects of cleft presence to MSP, concha bullosa and 
ostium obstruction were determined using CBCT images. 
Results: A total of 180 right and left sides of the study population 
were divided into two groups as 90 cleft and 90 normal sides. 
There was no statistically significant relationship between the 
presence of cleft and the parameters examined in UCLP patients. 
For all patients, in the presence of a cleft, the incidences of MSP 
(83.3%, p<0.001) and ostium obstruction (17.8%, p=0.011) were 
statistically significant. However, the presence of a cleft did not 
have a statistically significant effect on the concha bullosa. The 
presence of a cleft increased MSP 4.2 times and ostium obstruction 
3.7 times.

ÖZ 

Amaç: Dudak ve damak yarığı (DDY), kraniyofasiyal bölgede en 
sık görülen konjenital anomalilerden biridir. DDY’li hastalarda 
orta yüzü ilgilendiren birçok malformasyon ortaya çıkabilir. Bu 
çalışmada, yarıkların maksiller sinüs patolojisi (MSP), konka bülloza 
ve ostium tıkanıklığı üzerine etkisinin konik ışınlı bilgisayarlı 
tomografi (KIBT) kullanılarak değerlendirilmesi amaçlandı.

Yöntemler: Bu retrospektif çalışmaya 30’u unilateral DDY 
(UDDY), 30’u bilateral DDY ve 30’u kontrol olmak üzere toplam 
90 hasta dahil edildi. Yarık varlığının MSP, konka bülloza ve ostium 
tıkanıklığına etkisi KIBT görüntüleri kullanılarak belirlendi.

Bulgular: Çalışma popülasyonunun toplam 180 sağ ve sol tarafı 
90 yarık ve 90 normal taraf olmak üzere iki gruba ayrıldı. UDDY 
hastalarında yarık varlığı ile incelenen parametreler arasında 
istatistiksel olarak anlamlı bir ilişki bulunamadı. Tüm hastalarda 
yarık varlığında MSP (%83,3, p<0,001) ve ostium tıkanıklığı 
(%17,8, p=0,011) görülme sıklığı istatistiksel olarak anlamlıydı. 
Ancak yarık varlığının konka bülloza üzerinde istatistiksel olarak 
anlamlı bir etkisi olmadı. Yarık varlığı MSP’yi 4,2 kat, ostium 
tıkanıklığını ise 3,7 kat artırdı.
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Introduction 
Cleft lip and palate (CLP), one of the most common congenital 
anomalies in the maxillofacial area (1,2) is caused by the fusion 
disorder of the primary palate at the beginning of the fetal 
period (3). Patients with CLP experience many problems related 
to hearing, speech, nutrition, dentition, upper respiratory tract 
and facial morphology. Since the maxillary sinus is one of 
the main structures of the mid-face, it is an expected result 
that the maxillary sinuses are morphologically affected (3,4). 
Also, unilateral CLP (UCLP) can affect the external facial soft 
tissues, dental arches, maxilla, and morphology of the nasal 
airways (5-7). 

The etiology of sinusitis in patients with CLP is not entirely 
understood. Factors such as external nasal deformity, 
rhinosinusitis, nasal concha variations and septum deviation 
are common in these patients (8,9). These factors can cause 
airway resistance, mouth breathing and consequently maxillary 
sinusitis (10). Patients with UCLP have a characteristic nasal 
deformity characterized by structural asymmetry and bending 
of the septum. It is important for practitioners to understand 
the anatomy of the maxillary sinuses, especially in patients with 
UCLP who may exist the above-mentioned disorders.

There are previous studies in the literature investigating the 
pathologies and variations related to the maxillary sinus and nasal 
cavity region in patients with CLP (8,9,11-15), but additional 
information is needed regarding these regions in patients with 
CLP. The objective of this study is to investigate the relationship 
between the presence of a cleft, maxillary sinus pathology (MSP), 
concha bullosa, and, unlike previous studies, ostium obstruction 
using cone beam computed tomography (CBCT) images.

Methods
Study Population

This study was approved with the number: 145, date: 14.06.2024 
by the Çukurova University’s Non-Invasive Clinical Research 
Ethics Committee, and was prepared in accordance with the 
Declaration of Helsinki, revised in 2013. CBCT images of 
UCLP, bilateral CLP (BCLP) and control patients were included 
in this retrospective, observational and case-control study. Firstly, 
since the number of BCLP patients was minimal, 15 male and 
15 female BCLP patients were randomly selected from the 
patient archive. UCLP and control groups were then sorted by 
gender and matched similarly in terms of age (±1). If a patient 
had more than one match of the same gender and age, a random 

selection was made among them. Randomization was performed 
using the random module in the Python programming language. 
Random selection was based on achieving unbiased and balanced 
representation of gender and age across the BCLP, UCLP, and 
control groups, minimizing selection bias. The CBCT scans of 
the patients with CLP were routinely obtained for postoperative 
evaluation of the repaired clefts at least nine months after the 
last operation. CBCT images of the control group were available 
in the archieve of dentomaxillofacial radiology department 
and they were performed for different dental indications. As 
low as diagnostically acceptable being indication-oriented and 
patient-specific (ALADAIP) principle and the current European 
SEDENTEX CT guidelines were considered to perform the 
CBCTs. All patients or their parents applying to the related 
department filled out an informed consent form as a standard 
procedure because it could be used in scientific studies. The 
exclusion criteria were following: Inflammatory maxillary sinus 
diseases excluding mucositis and sinusitis, craniofacial syndrome, 
craniofacial patologies, trauma or skeletal/dental surgery history 
and bone dysplasias. The desired results from the study were to 
determine the distribution and effect of cleft presence related to 
MSP, concha bullosa and ostium obstruction.

Imaging Procedure

Radiological assessments were analyzed by two maxillofacial 
radiologists (HDY and BTÜ). All CBCT images were acquired 
by a Planmeca Promax® 3D Mid (Helsinki, Finland) device in 
standard resolution mode (90 Kv, 10 mA, 27 s). DICOM format 
data were transferred to Planmeca Romexis 3.8.1.R software 
(Helsinki, Finland) and all images were evaluated in coronal, axial 
and sagittal sections. Any mucosal thickening (MT) more than 
two mm in the maxillary sinus was considered as “pathological”. 
MSP, concha bullosa, and ostium obstruction were recorded as 
“present/absent” (Figure 1). All of the radiological assessments 
were evaluated independently by two observers at two-week 
intervals. One concha bullosa and one ostium obstruction 
evaluation differed among the observers, and as a result, a 
consensus was reached after discussion.

Statistical Analysis

For this study, based on an effect size of 0.3 (Cohen’s w), a 
significance level of 0.05, and a power of 0.95, the required 
sample size was determined to be 144. Considering a potential 
25% data loss, the final sample size was increased to 180. This 
calculation was performed using the G*Power 3.1 software. 
The examined parameters were shown in tables as frequency 
and percentage. Chi-square test was performed to determine 
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relationships between defined categorical variables, and Odds 
ratios were calculated to determine the effect of presence of cleft 
on different variables. Whether there was a difference between 
the cleft and non-cleft sides of UCLP patients in terms of the 
parameters examined was evaluated with the McNemar test. 
IBM SPSS 20.0 software (Armonk, NY) was used for statistical 
analysis (p<0.05).

Results
A total of 180 sides of 90 patients (45 female, 45 male) including 
30 UCLP patients [mean age: 12.9±1.8; minimum (min.): 8, 
maximum (max.): 15], 30 BCLP patients (mean age: 12.8±1.6; 
min.: 8, max.: 15) and 30 controls (mean age: 12.8±1.8; min.: 
8, max.: 15) were examined. The groups were categorized as; 
presence of cleft (30 cleft sides of 30 UCLP patients and 60 cleft 
sides of 30 BCLP patients) and absence of cleft (30 normal sides 
of 30 UCLP patients and 60 normal sides of 30 control patients). 
For all patients, in the presence of a cleft, the prevalence of the 
MSP (83.3%) and ostium obstruction (17.8%) were statistically 
significantly higher compared to the absence of a cleft (54.4% 
and 5.6%, respectively). The presence of a cleft increased MSP 
4.2 times and ostium obstruction 3.7 times. There was no 
statistically significant relationship between the presence of a 
cleft and the concha bullosa (Table 1).

There was no significant difference in the parameters examined 
in the cleft and non-cleft sides of UCLP patients (Table 2).

Discussion
Computed tomography (CT) is considered the gold standard 
for imaging paranasal sinuses (16,17). However, CBCT has a 
lower radiation dose, higher resolution, and shorter scan time 
compared to CT (18-20). It is also a reliable and accurate tool in 

Table 1. Distribution of the cleft according to the parameters examined in all patients

Presence of
cleft (n=90)

Absence of
cleft (n=90)

Total
(n=180)

p-value
Odds ratio
(CI)

MSP 75 (83.3) 49 (54.4) 124 (68.9) <0.001* 4.2 (2.1-8.4)

CB 63 (70) 56 (62.2) 119 (66.1) 0.270 1.4 (0.8-2.6)

OO 16 (17.8) 5 (5.6) 21 (11.7) 0.011* 3.7 (1.3-10.5)

MSP: Maxillary sinus pathology, CI: Confidence interval, *p<0.05

Table 2. Distribution of parameters examined in cleft and non-cleft sides of UCLP patients

MSP-cleft side

Absence Presence Total p-value

MSP Absence 3 (37.5) 5 (62.5) 8 (100) 0.727

Non-cleft side Presence 3 (13.6) 19 (86.4) 22 (100)

Total 6 (20) 24 (80) 30 (100)

CB-cleft side

Absence Presence Total p-value

CB Absence 3 (33.3) 6 (66.7) 9 (100) 0.754

Non-cleft side Presence 4 (19) 17 (81) 21 (100)

Total 7 (23.3) 23 (76.7) 30 (100)

OO-cleft side

Absence Presence Total p-value

OO Absence 23 (85.2) 4 (14.8) 27 (100) 0.687

Non-cleft side Presence 2 (66.7) 1 (33.3) 3 (100)

Total 25 (83.3) 5 (16.7) 30 (100)

UCLP: Unilateral cleft lip and palat

Figure 1. Parameters examined on cone beam computed 
tomography image

Black arrow: Maxillary sinus pathology, *: Concha bullosa, White 
arrow: Ostium obstruction
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determining the relationship between anatomical structures and 
adjacent tissues in the maxillofacial region (21). The aim of this 
current study was to evaluate the possible relationship between 
MSP, concha bullosa and ostium obstruction with the presence 
of a cleft using CBCT. 

In certain pediatric patients where conventional X-ray techniques 
fail to provide a definitive diagnosis, it may be essential to employ 
an advanced imaging modality like CBCT. Children are more 
vulnerable to ionizing radiation risks due to the rapid growth of 
their tissues (22). CBCT imaging must be conducted adhering 
to the ALADAIP principle and should be employed when 
the benefit to pediatric patients outweighs the potential risks. 
In this research, none of the CBCT referrals were specifically 
related to the study. The CBCTs of the study population were 
already available in the archieve of dentomaxillofacial radiology 
department.

When the literature was examined, Citron et al. (11), Kula et 
al. (12) and Pacnahad et al. (13) reported higher MT in the 
maxillary sinuses of CLP patients compared to control groups. 
180 sides of 90 patients were evaluated in the current study. 
As a result, two groups of 90 cleft and 90 non-cleft sides were 
performed. The prevalence of MSP (83.3%) in the presence of a 
cleft was statistically significantly higher than absence of a cleft 
(54.4%). Suzuki et al. (8) reported that 32.0% of CLP patients 
and 21.0% of all sides had a minimum 10.0% soft tissue density 
shadow at least one of the maxillary sinuses. Ishikawa et al. (9) 
evaluated patients with CLP, and reported that there was no 
difference between the cleft groups and control group in terms of 
rhinosinusitis. Cagici et al. (23) determined that the thickening 
amount should be a minimum of 2 mm in order to detect sinus 
MT. In addition, they accepted the thickness above this border 
as pathological thickening. In present study, the amount of 
pathological MT was accepted as 2 mm and above. There were 
studies reporting the prevalence of maxillary sinus MT as 12%, 
46.2% and 60.5% (16,24,25). Similar to these prevalences, the 
prevalence of MSP in the absence of cleft was 54.4% in the 
current study. In the presence of a cleft, this rate (83.3%) was 
significantly higher than the absence of a cleft and cleft presence 
increased the risk of MSP 4.2 times. In addition, there was no 
significant difference in the prevalence of MSP between the cleft 
and non-cleft sides in UCLP patients similar to Citron et al. (11) 
and Kula et al. (12) findings. In the study of Suzuki et al. (8) 
unlike these results, sinusitis was more severe on the non-cleft 
side than the cleft side. 

Concha bullosa is generally asymptomatic; but may be 
symptomatic depending on the infection, size, drainage or 
ventilation failure (26). There were studies that reported the 
prevalence of concha bullosa as 41.7%, 53.7% and 67.5% in 
the normal population (25-27). Similar to these prevalences, the 
prevalence of concha bullosa in the absence of a cleft was 62.2% 
in the current study. Although the prevalence of concha bullosa 
was higher in the presence of cleft, there was no statistically 
significant relationship between the presence of cleft and the 
prevalence of concha bullosa. In parallel with these results, in 
Dedeoglu et al.'s (14) and Göksel and Özcan’s (15) study, there 

was no significant difference in the prevalence of concha bullosa 
in the CLP and control groups. 

In the present study, the effect of cleft presence on ostium 
obstruction was investigated, independent of volume and 
positioning. It is known that patients with osteomeatal complex 
obstruction are more prone to sinus diseases (28). The maxillary 
sinus ostium is located in the posterior superior part of the 
medial wall and opens into the middle meatus via the ethmoid 
infundibulum and flows into its posterior part (29). Therefore, 
any obstruction in the ostium can disrupt the ventilation of 
the maxillary sinus by interrupting drainage and therefore 
pathological areas may be accumulated in the maxillary sinus. 
In the present study, it was observed that the prevalence of 
obstructed ostium was significantly higher in the presence of a 
cleft (17.8%) compared to the absence of a cleft (5.6%), and the 
presence of a cleft increased ostium obstruction by 3.7 times. 
Although the prevalence of ostium obstruction on the cleft 
side was higher in patients with UCLP than on the non-cleft 
side, there was no statistically significant difference. Best of our 
knowledge, it was the first study to evaluate ostium obstruction in 
patients with CLP. In the future, more comprehensive studies are 
needed to examine the relationships between ostium obstruction 
and ostium location, maxillary sinus volume, and MSP in CLP 
patients. Further studies can be planned to determine the risk 
factors of pathologies, especially in the paranasal regions. 

Study Limitations

The most important limitation of this study was that patients 
were selected by ignoring that viral or allergic infections might 
increase in certain seasons. Another limitation was that, due 
to the retrospective nature of this study, it was not possible to 
perform a clinical evaluation of the patients’ paranasal sinuses or 
osteomeatal complex, nor to determine whether the incidence 
of sinusitis was associated with various interventions applied for 
CLP treatment. In addition, the different findings in the studies 
must be considered with the understanding that they may result 
from different definitions of both MSP and ostium obstruction 
during the methodological design (8,11-13,30).

Conclusion
The results of the present study showed that although the 
prevalence of MSP, concha bullosa and ostium obstruction on 
the cleft side was higher in patients with UCLP, there was no 
statistically significant difference between the cleft and non-cleft 
sides (Table 2). When all groups were evaluated (Table 1), it was 
found that the presence of a cleft increased the presence of MSP 
4.2 times and ostium obstruction 3.7 times. As a result; within 
limitations, it has been shown that the presence of a cleft can be 
a risk factor for MSP and ostium obstruction.

Ethics

Ethics Committee Approval: This study was approved with the 
number: 145, date: 14.06.2024 by the Çukurova University’s 
Non-invasive Clinical Research Ethics Committee, and was 
prepared in accordance with the Declaration of Helsinki, revised 
in 2013.
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Informed Consent: All patients or their parents applying to 
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