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Abstract

:

(1) Background: The optic strut (OS) is a critical landmark for clinoid and paraclinoid surgical interventions. To our knowledge, the current literature only mentioned the OS as a possibility for a lesser sphenoidal wing (LSW) pneumatization path, without a proper study of the pneumatization patterns and prevalence within this structure. Thus, our aim was to fill in the missing information. (2) Methods: A retrospective study on 80 cone beam computed tomography (CBCT) files was conducted to assess the prevalence and the origins of pneumatization within the OS. (3) Results: The pneumatization patterns of the OS were: 56.25% from the sphenoid sinus, 1.25% from the posterior ethmoid air cells (PEAC), and 10% from Onodi cells (ONC). Simultaneous pneumatization of unique origin within the lesser sphenoidal wing (LSW) was found in 26.25% from the sphenoid sinus, 1.25% from PEAC, and 5% from ONC. Communication between both LSW roots through pneumatization was found in 6.25% of the files. (4) Conclusions: A careful radiological examination should precede clinical diagnosis and surgical interventions in the paraclinoid area to evaluate postoperative surgical risks and possible diffusion patterns for infection. Additionally, pneumatization within the OS alters its morphological features and thus, its utility as a landmark.
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1. Introduction


The inferior root of the sphenoid’s lesser wing (LSW) is also known as the optic strut (OS). The OS is a bony projection that forms the inferolateral wall of the optic canal (OC), separating it from the superior orbital fissure (SOF) and all its content.



The OS is an important landmark when it comes to surgery within the sellar and parasellar regions [1]. ICA aneurysms can be classified as intradural and extradural, based on the morphological relationship between the insertion of the proximal dural ring and the inferior margin of the OS [2]. The OS is also an important element in the differential diagnosis. Cares and Bakay stated that “no other portion of the optic canal is as important in characterizing an optic lesion as the strut” [3]. Signs such as OS erosion and enlargement of the SOF are “pathognomonic for an infraclinoid aneurysm”; deformation of the OS or concentric enlargement of the OC can be associated with optic tract tumors; and erosion of OS in association with other canal walls may suggest a nonvascular issue such as mucocele or tuberculosis of the sphenoid, orbital or nasopharyngeal malignancies or pituitary gland tumors [3]. Deformities of the OS have been encountered in carotid-cavernous fistulas, suprasellar cholestheatomas, and syndromes such as Down and Edwards [1].



Air cells within the OS are in the proximity of several anatomical structures, such as: the optic nerve (ON) and ophthalmic artery in the OC, the cavernous sinus, the internal carotid artery (ICA), and the nerve fibers that pass the SOF (oculomotor nerve, trochlear nerve, branches of ophthalmic nerve and abducens nerve) [4]. Pneumatization sites within the body are frequently associated with pathways of diffusion for inflammatory and infectious pathologies or tumors [5].



The lack of a proper radiological evaluation of the OS during parasellar surgery may translate into intraoperative accidents or postoperative complications, such as rhinorrhea, visual function perturbation, intracranial bleeding, or pneumocephalus, all to the extent of a fatal outcome [4,6].



Most studies examine the pneumatization within the LSW regarding the anterior clinoid process (ACP), mentioning the OS as a bridge for air cells to reach the ACP. To our knowledge, no study has been conducted strictly on OS pneumatization for prevalence or its source (via sphenoid sinus, ethmoid posterior cells, or Onodi air cells).




2. Materials and Methods


A retrospective study on 80 DICOM (Digital Imaging and Communications in Medicine) anonymous patient files (20 men and 60 women) was conducted. None of the patients presented skull deformities or signs of previous surgical interventions in the area of interest.



The subjects were positioned according to the manufacturer’s instructions and had been scanned using an iCat CBCT machine (Imaging Sciences International (Hatfield, PA, USA)) with the settings: resolution—0.250, field of view—130, and image matrix size—640 × 640. The CT data were analyzed using the iCatVision software and its related application 3DVR v5.0.0.3. The CBCT files were further exported as DICOM files, which were additionally analyzed with the Planmeca Romexis Viewer 3.5.0.R software (Planmeca, Helsinki, Finland) [7].



The presence of pneumatization within the OS was investigated bilaterally on all three planes, and classified according to the site of origin as Type 1—sphenoidal pneumatization, Type 2—ethmoidal pneumatization, Type 3—from an Onodi cell (ONC). Additional information, such as the presence of ONC, the extension of the pneumatic tract to the ACP and sex, was also noted. The files were analyzed by two examiners.



The Microsoft Office Excel program was used for data analysis.




3. Results


3.1. OS Pneumatization


A total of 85 OS (53.12%) were pneumatized. The prevalence of OS pneumatization within the total was 67.5% (45 female and 9 male patients), 42.6% (23 cases) of them being unilateral (Table 1) (Figure 1 and Figure 2).




3.2. ACP Pneumatization


Unique pneumatization of the ACP through the OS was encountered in 8.75% of cases.



Simultaneous pneumatization of both LSW roots was noted in 31 cases (38.75%) and 43 sides (26.87%) (Table 2; Figure 3). This kind of extensive pneumatization was more frequent in the female group (22 cases, 71%).



Five (16.13%) out of the 31 cases with pneumatization of both LSW roots presented combined pneumatization. If, for the other cases, the origin came either from PEAC (non-ONC/ ONC) or the sphenoid sinus, in these 5 cases, the simultaneous pneumatization occurred from separated origins for each of the two (Figure 3). Two of these patients presented the ONC extending into the OS and the sphenoidal sinus within AR, and the other three cases presented ONC pneumatization extended within the AR and the sphenoidal sinus with a recess within the OS.



The ONCs were recorded on 23 sides (14.40%). These corresponded to 15 cases, of which 4 were male (26.66%) and 11 were female (73.33%) patients. Eight patients (53.33%) presented a bilateral symmetry of ONCs and seven patients (46.66%) a one-sided ONC.



In 8 out of 15 cases (53.33%), the ONC was the origin of pneumatization of the OS. Of these cases, two were male (25%) and six were female (75%). In seven cases (one male and six female patients), the ONC was the source of unilateral pneumatization within the OS. A case of a bilateral pneumatized OS from the ONCs was noticed in a male patient (Table 3).



In 54/80 cases (67.5%), pneumatization within the OS could be identified (Figure 4). In eight cases (8.75%—six unilateral and two bilateral cases), the pneumatization of the sphenoid bone passed the OS, reaching the ACP.





4. Discussion


The little bridge that is the OS is often examined in aid of important information during differential diagnosis [3] and is considered of critical value as a landmark in many surgical interventions [1].



Given the nature of the parasellar pathologies, it is clear that the morphological aspect of this structure is of great interest to otolaryngologists, neurosurgeons, and ophthalmologists. Treatment usually implies surgical access within the area and the OS is often used as a reference for the course of action and planning of the procedure as well as an intraoperative surgical guide [1].



Pneumatization within the sphenoid bone facilitates trans-sphenoidal access; air channels passing through the OS, and the ACP reduce the drilling time and ensure more controlled drilling of the thin cortical bone remaining [4]. On the other hand, pneumatic tract openings require closure, and more attention is paid to reducing postoperative complications [4]. Owing to poor preoperative assessment of the paranasal pneumatic system, there is a major increase in the risk of intraoperative accidents such as ICA or optic nerve injury [8].



Pneumatization variants in the LSW have previously been studied, as can be seen in Table 4. Although some data regarding the prevalence of pneumatization within the OS can be retrieved, it is mostly offered as circumstantial information in the analysis of the ACP air cells. Notions of OS dimensions and inclination are also present in the current literature but without mention of the pneumatic presence or its morphometric influence [6].



Additionally, to our knowledge, the patterns of origin for OS pneumatization were poorly evaluated, and there was no mention of ONCs as the source for it (Table 4). An important finding of the present study was the pneumatization of both the OS and AR from ONCs (11.62%). This possibility constitutes the principal cause of risk for developing orbital complications, especially in patients with ethmoiditis [9,10]. Another incidental finding while conducting the present study was the possibility that an ONC could extend within the planum sphenoidale (Figure 5). This might explain why olfactory dysfunctions, such as anosmia or hyposmia, can occur in chronic rhinosinusitis [11,12].
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Table 4. Literature review of the anterior clinoid process (ACP), optic strut (OS), and simultaneous OS and anterior root of the lesser sphenoidal wing (LSW) pneumatization.
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	Study
	Materials and Planes (A/C/Sag)
	Lot N° of Cases/Sides
	ACP

N° Patients/Sides

Prevalence (%)
	OS (%) and

Pattern (S/E/S+E/O)
	LSW (%) and

Pattern (S/E/S+E/O)





	[13]
	MDCT

C
	300/600
	44/55

N/A
	74.5% cases

S:37

E: 3

S+E: 1

O: 0
	10.9% cases

S:3

E: 0

S+E: 3

O: 0



	[14]
	CT

A
	72/144
	20/27

13/7
	74.1% sides

N/A
	11.1% sides

N/A



	[15]
	CT

A/C
	499/998 (259 M)
	177/-

R: 49.1%

L: 40.9%

Bilat: 37.2%
	N/A

N/A
	N/A

N/A



	[4]
	MDCT

A/C
	648/ 1296
	62/97

R: 22.6%

L: 17.7%

Bilat: 59.7%
	38% sides

N/A
	17.7% sides

N/A



	[16]
	CT

C
	54/108 (24 M)
	12/-

N/A
	58.33% cases

N/A
	N/A

N/A



	[17]
	CT/

MRI

A/C
	N/A
	N/A

N/A
	N/A

N/A
	N/A

N/A



	[8]
	PNSCT

A/C
	300

(159 M)
	N/A

N/A
	N/A

N/A
	N/A

N/A



	Present study
	CBCT

A/C/Sag
	80/160

(20 M)
	6/10

3/3
	53.12%

S:75

E: 1

S+E: 0

O: 9
	26.87%

S:32

E: 1

S+E: 5

O: 5







S—sphenoid sinus; E—ethmoid sinus; O—Onodi cell; M—male; A—axial plane; C—coronal plane; Sag—sagittal plane; R—unilateral right side; L—unilateral left side; Bilat.—bilateral; CT—computed tomography; MDCT—multidetector CT, CBCT—cone beam CT; PNSCT—paranasal sinuses CT; MRI—magnetic resonance imaging.













Cases of extended pneumatization within the LSW may determine the extension of inflammation and spread of infection in the ICA and the cavernous sinus [2,18] or a decrease in visual acuity by developing orbital cellulitis [9,10]. Bilateral OS pneumatization and a high degree of communication between paranasal sinuses could entertain the possibility of neurovascular structures from both sides being affected simultaneously (Figure 6).




5. Conclusions


Sound knowledge of sphenoidal and ethmoidal pneumatization possibilities could reduce the rate of complications during different surgical procedures regarding the anterior clinoid process or the paraclinoid structures.



Preoperative risk assessment for anterior clinoidectomy should include verifying the presence of air cells within the OS and their origin, as well as the communicating nature of the LSW roots.



OS and ACP interventions could lead to postsurgical complications of both sphenoid and ethmoid sinuses due to the opening of a pneumatic tract of Onodi cell origin. Even more, given the interlaced aspect of some paranasal pneumatic systems, the risk of bilateral infection or sinusitis spread should be taken into account.



Additionally, the variations in morphometric features given by pneumatization tracts within the OS alter the usual intraoperative landmarks.



The CBCT can be a very useful tool in assessing the pneumatization patterns of the paranasal sinuses.
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Figure 1. Axial CBCT slice at the level of the left anterior clinoid process (ACP), demonstrating the unilateral pneumatization of the ACP via the optic strut (OS) from the sphenoid sinus. 1. Sphenoid sinus; 2. Pneumatized ACP; 3. Pneumatized OS. 
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Figure 2. Coronal, bilateral three-dimensional volume rendering of the anterior clinoid process (ACP) and sphenoid sinus, posterior view. 1. Pneumatized ACP; 2. Pneumatized optic strut; 3. Pneumatized anterior root; 4. Sphenoid sinus. 
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Figure 3. Bilateral sagittal CBCT reconstruction, demonstrating the pattern of pneumatization of both the optic strut (OS) and anterior root (AR). (a) Left side; (b) Right side: 1. Pneumatized AR; 2. Pneumatized OS; 3. Onodi cell; 4. Sphenoid sinus. 






Figure 3. Bilateral sagittal CBCT reconstruction, demonstrating the pattern of pneumatization of both the optic strut (OS) and anterior root (AR). (a) Left side; (b) Right side: 1. Pneumatized AR; 2. Pneumatized OS; 3. Onodi cell; 4. Sphenoid sinus.



[image: Applsci 11 05797 g003]







[image: Applsci 11 05797 g004 550] 





Figure 4. Bilateral sagittal CBCT reconstruction, demonstrating the pattern of pneumatization of both the optic strut and anterior root (AR) of the lesser sphenoidal wing. (a) Left side. (b) Right side: 1. Pneumatized AR; 2. Pneumatized OS; 3. Onodi cell; 4. Sphenoid sinus. 
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Figure 5. (a) Sagittal three-dimensional volume rendering (3DVR) of the anterior clinoid process (ACP) and paranasal air cells on the right side, which demonstrates a distinctive pneumatization of both the optic strut (OS) and anterior root (AR) of the lesser sphenoid wing, including the Onodi cell (ONC) as the origin of pneumatic cells. (b) Sagittal 3DVR of the ACP and paranasal air cells on the left side that demonstrates a pneumatization of the OS, including the ONC as the origin of pneumatic cells. (c) Coronal 3DVR of the ACP and paranasal air cells; the posterior view demonstrates a bilateral pneumatization of the planum sphenoidale (PS), with ONC as the origin. (d) Axial CBCT reconstruction at the level of the pneumatized OS. 1. Pneumatized AR; 2. Pneumatized OS; 3. ACP; 4. Sphenoid sinus; 5. ONC. 6. Pneumatized PS. 
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Figure 6. Sagittal CBCT reconstruction, demonstrating the topography of the left optic canal (OC) neighboring the extension of the right sphenoid sinus (false Onodi). 1. Extension of the right sphenoid sinus; 2. Left OC. 
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Table 1. Origin and prevalence of the pneumatization from the paranasal sinuses in optic strut. ONC—Onodi cell. N = 85 sides.
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Origin

	
Patients




	
Unilateral

	
Bilateral






	
Type 1—Sphenoid

	
15 (27.77%)

	
30 (55.55%)




	
Type 2—Ethmoid (non-ONC)

	
1 (1.85%)

	
0




	
Type 3—Ethmoid (ONC)

	
7 (12.96%)

	
1 (1.85%)
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Table 2. Origin and prevalence of the pneumatization from the paranasal sinuses in the optic strut (OS) and the anterior root (AR) of the lesser sphenoidal wing. ONC—Onodi cell. N = 43 sides.
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Origin

	
Patients




	
Unilateral

	
Bilateral






	
Sphenoid (non-ONC)

	
10 (32.25%)

	
11 (35.48%)




	
Ethmoid (non-ONC)

	
1 (3.22%)

	
0




	
Ethmoid (ONC)

	
3 (9.67%)

	
1 (3.22%)




	
Sphenoid (ONC)

	
5 (16.12%)

	
0
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Table 3. Origin and symmetry of the pneumatization from the paranasal sinuses within the optic strut. ONC—Onodi cell. N = 54 cases.
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Origin

	
Patients




	
Unilateral Right

	
Unilateral Left

	
Bilateral






	
Type 1—Sphenoid

	
6 (11.11%)

	
9 (16.66%)

	
30 (55.55%)




	
Type 2—Ethmoid (non-ONC)

	
1 (1.85%)

	
0

	
0




	
Type 3—Ethmoid (ONC)

	
4 (7.40%)

	
3 (5.55%)

	
1 (1.85%)
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