


Analyzing Haller Cells through Cone Beam CT: Investigating Associations with Orbital Floor Dehiscence and Sinusitis



  Abstract
Aims: This study aims to analyze Haller cells (infraorbital ethmoid cells) using cone beam computed tomography (CBCT) to determine their association with orbital floor dehiscence and sinusitis.
Place and Duration of Study: A retrospective study was conducted at the Department of Oral Medicine and Radiology, Government Dental College, Chh. Sambhajinagar, from May 2024 to July 2024.
[bookmark: _GoBack]Methodology: The number of ethical approval issued by the institutional committee is ECR/684/Inst/ MH/2014/RR-21. CBCT images from 150 patients were acquired using the Carestream CS 9300 machine and analyzed with TROPHY DICOM 3D Imaging Dental software (Version 6.4.0.4). The evaluation focused on coronal sections with a slice thickness of 0.899 mm. Data was recorded in Microsoft Excel (2007/2013). Descriptive and frequency analyses were performed using SPSS version 21.0. The Shapiro-Wilk test was used to check if the data followed a normal distribution. Chi-square tests were used to analyze associations, and a p-value of <0.05 was considered statistically significant.
Results: The study included 150 participants, aged 16–62 years, with a mean age of 29.7 ± 9.16 years. Of the participants, 60% were female (90) and 40% were male (60). Haller cells were present in 42% and absent in 58%. The most common shapes of Haller cells were oval (28%), round (9.3%), irregular (2.7%), and triangular (1.3%). Sizes included large (5.3%), medium (20%), and small (14.7%). Bilateral presence was seen in 8%, unilateral in 34%, and absent in 58%. Maxillary sinusitis was present in 16.7% of participants with Haller cells, and orbital floor dehiscence was observed in 3.3%. Significant associations were found between Haller cells and maxillary sinusitis (Chi-square = 41.429, p < 0.001) and orbital floor dehiscence (Chi-square = 7.143, p = 0.012).
Conclusion: The study found a significant relationship between Haller cells and maxillary sinusitis and orbital floor dehiscence, highlighting the importance of identifying Haller cells in CBCT evaluations.
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Introduction  
Haller cells are a type of anatomical variation found in the paranasal sinuses. These cells, specifically infraorbital ethmoid cells, are often discovered by accident during imaging and are not always carefully examined for their potential role in causing blockages or inflammation of the ethmoidal infundibulum, a passage in the sinuses. The term "Haller cells" is named after the anatomist Albert Von Haller, who first identified the air space in the orbital floor, which is part of the ethmoidal region, back in 1765 (1,2,3,4,5,6). These cells are typically considered to be an extension of the ethmoidal sinuses, which are a group of sinuses located in the region of the nose, into the orbital floor or the upper portion of the maxillary sinus. Haller cells are located medially (toward the midline of the face) to the infraorbital canal and laterally (toward the side of the face) to the nasolacrimal duct. These cells are sometimes referred to as orbito-ethmoidal cells or maxillo-ethmoidal cells because of their location and connection to the orbital and maxillary areas. It is important to note that the posterior extension of these ethmoidal cells is quite rare, and it should be clearly distinguished from the lateral extension of the posterior portion of the middle meatus, a part of the nasal cavity (2,3,5,6,7).
When Haller cells become larger, they can exert pressure on the maxillary sinus infundibulum, which is a small passage in the maxillary sinus. This pressure may block the normal flow of mucus, which is essential for clearing the sinuses. The blockage of this mucus flow can disrupt the normal transport and drainage of fluids, leading to the accumulation of fluid within the sinuses. This buildup creates an ideal environment for bacterial growth, which can contribute to the development of infections and other issues related to the maxillary sinuses (2,5). The position of Haller cells can also affect the natural flow of mucus, making it more difficult for the sinuses to drain properly. This disruption can lead to recurrent maxillary sinusitis, an ongoing condition where the maxillary sinuses become inflamed and infected (3,11,12). In some studies, there has been a notable connection between larger Haller cells, specifically those greater than 3 mm in size, and the occurrence of orbital floor dehiscence, a condition where there is a thinning or opening of the bone that forms the floor of the orbit. However, despite these findings, there is still no clear or conclusive information on the exact relationship between the size of Haller cells and orbital floor dehiscence (3,7).Given these considerations, the purpose of our study is to evaluate the prevalence of Haller cells using cone beam computed tomography (CBCT), an advanced imaging technique that provides detailed 3D images of the facial structures. We aim to assess how frequently these cells occur in the general population and to explore any possible connections between the presence of Haller cells and conditions such as maxillary sinusitis and orbital floor dehiscence. 
Materials and Methods
A retrospective study was designed to analyze 150 CBCT scans of patients who visited the Department of Oral Medicine and Radiology for conditions such as temporomandibular joint disorders, orthodontic evaluation, dental implants, and other maxillo-facial indications. Only scans that displayed the complete maxilla, from the alveolar bone to the orbit, were included. Patients aged 16 years and older were eligible for inclusion. Scans with artifacts or unclear visualization of the area of interest were excluded. Since no radiographic scans were taken specifically for this study, informed consent was not required.The CBCT scans were acquired using a Carestream CS 9300 machine and evaluated with TROPHY DICOM 3D Imaging Dental Software (Version 6.4.0.4 CS 3D Imaging Software). The acquisition parameters included 8 mA (current), 85 kVp (voltage), 11.30 s (exposure time), 300 µm (voxel size), a 17 x 13.5 cm field of view (FOV), and a slice thickness of 0.3 mm. The software provided three-dimensional data to evaluate Haller cells using cone beam computed tomography, focusing on their associations with orbital floor dehiscence and sinusitis.All scans were reviewed by two observers: the principal investigator (a) and an experienced Oral and Maxillofacial Radiologist (b) with a minimum of 20 years of expertise in evaluating CBCT scans. The coronal view was specifically examined for the presence of Haller cells. Both observers evaluated all sections for parameters such as age, gender, presence of Haller cells (including site, size, and number), maxillary sinusitis, and orbital floor dehiscence. The data was recorded in a Microsoft Excel sheet. The institutional ethical  committee approved the study.
Statistical Analysis
Data obtained will be coded and entered in Microsoft Excel 2007/2013.
Descriptive and Frequency analysis will be done by using Statistical Product and Service Solution (SPSS) (v.21.0) software. Data normality will be checked by using Shapiro – Wilk test. Confidence interval is set at 95% and probability of alpha error (level of significance) set at 5%,  Power of the study set at 80%.Frequency and percentage distribution of different variables will be performed. Chi-square test of proportion and association will be performed for significance within parameters. Non-parametric tests will be performed wherever required. P value of <0.05 will be considered statistically significant at 95% confidence intervals.
Parameters  Measured 
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Fig. 1. Coronal cone beam CT shows the absence of Haller cells.


Haller cells are air-filled cavities located medially on the orbital floor. They are enclosed by the ethmoidal capsule, distinguishing them from the infra-orbital recess of the maxillary sinus. Haller cells can vary in size and shape, be present unilaterally or bilaterally, and appear as single or multiple entities. Observations were made in the coronal section of CBCT scans, with a slice thickness of 800 µm. Fig 2 shows the maximum medio-lateral dimensions of the Haller cells were measured and categorized by size as small (<2 mm), medium (2–4 mm), or large (>4 mm).
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Fig 2. Coronal cone beam CT shows different shapes of Haller cells, (a) Small (b) Medium (c) Large
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Fig.3. Haller cells present with maxillary sinusitis.    Fig.4. Haller cells present with  orbital 								floor dehiscence.
Results
The study included 150 participants, aged between 16 and 62 years, covering a broad range of adult age groups. The mean age of the participants was 29.7 years. Females constituted a larger portion of the sample, accounting for 60% .	    
  


  							



Fig 5. Pie chart depicts distribution of the study participants according to Gender.
The minimum age observed in the sample is 16 years, representing the youngest participant, while the maximum age is 62 years, indicating the oldest individual in the dataset. The mean (average) age of the participants is calculated as 29.70 years, which suggests that the overall study population tends to be relatively young. Furthermore, the standard deviation is 9.16 years, which reflects the extent of variation or dispersion in the ages of the participants around the mean value.(Table no.1)
	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Age (in years)
	150
	16.00
	62.00
	29.70
	9.16


[bookmark: _Hlk172196027]
Table 1: Descriptive statistics of Age (in years) in different groups 

A total of 87 patients, representing the majority, did not exhibit Haller cells. In contrast, 63 patients were found to have Haller cells, comprising a smaller portion of the study population (Fig. 6).






Fig.6 Frequency distribution of the study participants according to presence or absence of Haller cells
The chart (Fig. 7) shows that the majority of observations revealed the absence of Haller cells in 87 scans. Among the cases with Haller cells, oval-shaped cells were the most commonly observed, unilateral occurrences were more frequent, and medium-sized cells were the most prevalent.

									     
Fig. 7. Frequency distribution of the study participants according to Shape, Sites and Size of Haller cells

The table no 2. suggests that most individuals in the study did not develop maxillary sinusitis, regardless of whether they had Haller cells or not. However, 16.7% of the cases had maxillary sinusitis, which could indicate a potential relationship between the presence of Haller cells and the development of sinusitis.
	Haller cells present with maxillary sinusitis
	Frequency
	Percent

	
	No
	125
	83.3

	
	Yes
	25
	16.7

	
	Total
	150
	100.0







Table 2. Frequency distribution of the study participants according to Haller cells present with maxillary sinusitis
The chi-square test was used to analyze the association, with a chi-square value of 41.429. 
The p-value is 0.001, which is marked as statistically significant (p < 0.05) and highly significant (p < 0.01).There is a statistically significant association between the presence of Haller cells and the occurrence of maxillary sinusitis. Specifically, individuals with Haller cells are more likely to have maxillary sinusitis compared to those without.When Haller cells are present, 38 cases were recorded without maxillary sinusitis, and 25 cases were associated with maxillary sinusitis.(Table no.3) 
	 
	Haller cells present with maxillary sinusitis
	Total
	Chi-square value
	p value
	Interpretation 

	
	No
	Yes
	
	
	
	

	Haller cells 
	Absent
	87
	0
	87
	 41.429
	 0.001*
 
	Significant 

	
	Present
	38
	25
	63
	
	
	

	Total
	125
	25
	150
	
	
	


Table 3.Association between presence or absence of Haller cells and maxillary sinusitis.
	Haller cells present with orbital floor dehiscence
	Frequency
	Percent

	
	No
	145
	96.7

	
	Yes
	5
	3.3

	
	Total
	150
	100.0


 Out of the 150 people studied, 145 individuals (96.7%) did not have orbital floor dehiscence. This means that the vast majority of the people in this study did not show any gaps or defects in the orbital floor.Only 5 people (3.3%) had orbital floor dehiscence, meaning they had a defect or thinning in the bone that separates the orbit  from the maxillary sinus.(Table no.4)





Table 4: Frequency distribution of the study participants according to Haller cells present with orbital floor dehiscence
Among 63 patients 5 of them had orbital floor dehiscence. The Chi-square test value is 7.143, and the p-value is 0.012 (which is less than 0.05), meaning the result is statistically significant.(Table no.5)
	
	Haller cells present with orbital floor dehiscence
	Total
	Chi-square value
	p value
	Interpretation

	
	No
	Yes
	
	
	
	

	Haller cells 
	Absent
	87
	0
	87
	7.143
	0.012* 
	Significant

	
	Present
	58
	5
	63
	
	
	

	Total
	145
	5
	150
	
	
	



 Table 5. Association between presence or absence of Haller cells and orbital floor dehiscence

Discussion:
Haller cells have been connected to symptoms like orofacial pain, sinusitis, nasal blockage, trouble breathing through the nose, headaches, chronic cough, and even issues like mucoceles (cystic lesions filled with mucus and lined by a special kind of tissue) [9]. Bolger et al. reported that the prevalence of Haller’s cells was equal in individuals with and without sinus disease, as observed in various studies(16).Whereas in our study out of 150 scans 63 patient present with Haller cells which  is fairly high at around 42%. The youngest individual in the sample is 16 years old. The oldest individual in the sample is 62 years old with average age of the participants is 29.70 years.Previous studies have shown a wide range of prevalence, from 2% to 70.3%. For example, Mathew et al. found a prevalence of 60%, and Khojastepour et al. found 68%, which is similar to our results. CBCT is a more advanced imaging method with a slice thickness of 899 µm, making it capable of detecting small and delicate bone structures like Haller cells, even those smaller than 1 mm [2]. The high percentage of Haller cells found in our study emphasizes CBCT's ability to detect these variations. This result is statistically significant (p < 0.05) and agrees with many earlier studies (2–4, 13).In our study, we looked at factors like age, gender, location, number, size, and shape of Haller cells. We found that younger individuals were more likely to have Haller cells than older ones. Unilateral Haller cells (34%), medium-sized cells (20%), and oval-shaped cells (28%) were the most common types. Interestingly, there was no significant difference in the prevalence of Haller cells based on gender, which matches the findings of Raina et al. [7].Sivasli et al. and Kim HJ et al. support this observation (17,18). However, other studies have identified Haller cells as a significant etiological factor in maxillary sinusitis, particularly when their size exceeds 6 mm, leading to considerable narrowing of the maxillary infundibulum (19,20).Haller cells were seen in 16.6% of cases with maxillary sinusitis and in 3.3% of cases with orbital floor dehiscence. Moshfeghi et al. also noted the presence of Haller cells alongside orbital floor dehiscence [3]. Identifying Haller cells is especially important for rhinologists when other issues aren’t clear during physical exams or endoscopies.Management of Haller cells can involve conservative treatments or surgical intervention. If Haller cells are believed to contribute to maxillary sinusitis, medical treatment is usually the first choice. However, if this doesn’t work, surgical options like functional endoscopic sinus surgery or lateral rhinotomy might be needed to relieve symptoms [2, 12, 13].The connection between Haller cells and maxillary sinus issues suggests a need for further research with larger sample sizes and stronger study designs, such as long-term studies.
Conclusion: 
This study found a link between the presence and size of Haller cells and maxillary sinus issues. CBCT imaging, which allows for 3D evaluation, was shown to be an effective tool for spotting Haller cells. A significant relationship (p < 0.05) was found between Haller cells, maxillary sinusitis, and orbital floor dehiscence.
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