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Implications of anatomical variation of the sphenoid sinus
for orthognathic surgery: a case report in
cone beam computed tomography
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ABSTRACT

The Sphenoid Sinus is considered the paranasal sinus with more variation to the degree of pneumatization. Thus, this work aimed
report to the first case on the interference of this anatomical variation for orthognathic surgery. A 18 year-old woman, with isolated
cleft palate repaired, was submitted to orthognathic surgery to correct the maxillomandibular skeletal discrepancy. The cone beam
computed tomography (CBCT) exam performed for preoperative planning showed a great extension for the adjacent structures, with
proximity to the posterior wall of the maxillary sinus and pterygomaxillary fissure bilaterally. The postoperative CBCT image evidenced
the compromise of the sinus floor due to the factors related to the transoperative period. This case, along with literature review,
highlighted the importance of identifying sphenoid sinus variation in CBCT exams prior to orthognathic surgery, in order to avoid
serious complications for the patient, such as sinus infections; hemorrhages; mucocele formation or intracranial involvement.

Indexing terms: Anatomic variation. Cleft palate. Cone-beam computed tomography. Orthognathic surgery. Sphenoid sinus.

RESUMO

O Seio Esfenoidal é considerado o seio paranasal com maior variacdo quanto ao grau de pneumatizacao. Assim, este trabalho objetivou
relatar o primeiro caso sobre a interferéncia dessa variacdo anatdémica para a cirurgia ortognatica. Mulher, 18 anos, com fissura de
palato isolada reparada, foi submetida a cirurgia ortognatica para correcdo da discrepancia esquelética maxilomandibular. O exame
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de tomografia computadorizada de feixe conico (TCFC), realizado para planejamento pré-operatdrio, mostrou grande extensao para
as estruturas adjacentes, e com proximidade da parede posterior do seio maxilar e fissura pterigomaxilar bilateralmente. A imagem
de TCFC pos-operatdria evidenciou o comprometimento do assoalho do seio devido aos fatores relacionados ao transoperatario. Este
caso, juntamente com a revisdo da literatura, destacou a importancia de identificar a variacado do seio esfenoidal nos exames de TCFC
prévios a cirurgia ortognética, a fim de evitar complicacées graves para o paciente, tais como sinusite, hemorragias, formacdo de
mucoceles ou, até mesmo, envolvimento intracraniano.

Termos de indexacao: Variacdo anatémica. Fissura palatina. Tomografia computadorizada de feixe-cénico. Cirurgia ortognatica. Seio
esfenoidal.

INTRODUCTION

The sphenoid sinus (SS) is located in the body of the sphenoid bone, at the central base of the skull [1]. Also, it is
related to the carotid artery; optic nerve; maxillary nerve and vidian nerve [2]. It is the paranasal sinus that has the most
variation in relation to the degree of pneumatization [3]. There are many classifications in the literature for the degree of
SS'variation to facilitate access to the sellar region and endoscopic surgeries [3,4]. A recent study classified the SS into
conchal, pressellar, incomplete sellar and complete sellar; also, to the clivus region: subdorsal, dorsal, occipital, and combined
(dorsal + occipital) [3]. Finally, they are classified in relation to the lateral extension: pterygoid; greater wing of sphenoid; full
lateral and lesser wing [3]. These variations can be identified in the cone-beam computed tomography (CBCT) [5-7].

The greater the degree of SS'pneumatization, the closer it will be to the adjacent anatomical structures [1,7].
If this SS extension occurs near the pertigomaxillary region, it should be taken into consideration during orthognathic
surgery, because it is common to perform Le fort | osteotomy and pterygomaxillary disjunction to correct anteroposterior,
vertical and transversal alterations of the maxila [8]. According to the literature, the maneuver of separation of the
pterygomaxillary junction is the most critical moment and favorable to iatrogenies, because the surgeon does not have
a direct view of this region [8-10]. Thus, it is important to evaluate in CBCT scans the size, location, and integrity of the
walls of the SS, as well as the condition of the surrounding structures and the presence of any spatial invasion prior to
surgeries performed near this region [7].

Therefore, the cleft lip and palate (CLP) is the most common craniofacial anomaly [11]. These individuals have
more anatomical variations close to the cleft region and perform differents surgeries during the rehabilitation process,
like orthognathic, made to correct the maxillomandibular discrepancy [11]. A recent systematic review showed that
the occurrence rate of orthognathic surgery was 38.1% in individuals with bilateral cleft lip and palate (BCLP), 30.2%
for unilateral cleft lip and palate (UCLP) 4.4% for isolated cleft palate (ICP), and 1.8% for patients with isolated cleft
lip (ICL), after the orofacial cleft repair [12]. The identification of SS’pneumatization in individuals with and without
CLP is important to avoid complications in surgical procedures, including hemorrhages, sinus infections, formation of
mucoceles and can be from a surgical approach with inadequate planning [8,13]. Also, infections can occur for the
intracranial region, representing a higher risk for the individual, such as: subdural abscess; extradural abscess; brain
abscess; meningitis; thrombophlebitis or osteomyelitis [14].

Thus, the purpose of this case report is to show the relationship between SS’variation and orthognathic surgery
in patient with ICP (without associated syndrome). In addition, it will be highlighted the complications that may arise
from this relationship.

CASE REPORT

A 18year-old woman, with ICP repaired, was submitted to orthognathic surgery to correct the maxillomandibular
skeletal discrepancy. A Le Fort | osteotomy was performed for maxillary advancement as the patient had a Class Ill skeletal
pattern. The patient was submitted to CBCT for preoperative planning and immediate postoperative evaluation. The CT
scanner used was the i-CAT Next Generation® (Imaging Sciences International, Hatfield, PA, USA). All the images were
obtained with the parameter of 120 kVp, field of view of 17 cm and voxel of 0.4 mm. The exams obtained were analyzed
using the I-Cat Vision® software (Imaging Sciences International, Hatfield, PA, USA). The CBCT images, stored in DICOM
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format (Digital Imaging and Communications in Medicine) were used for virtual planning in the software Dolphin 3D
(Dolphin Imaging & Management Solutions, Chatsworth, California, version 11.8).

In the preoperative CBCT image (figure 1a-c), the SS hypodense with pneumatization was found. It was observed
the proximity to the posterior wall of the maxillary sinus and pterygomaxillary fissure bilaterally (figure 1a). This extension
was classified as full lateral type (figure 1b) with bilateral anterior clinoid process involvement (Figure 1b-C). Also, reached
to the greater and lesser wings (figure 1b-B) as well to the pterygoid process of the sphenoid bone (figure 1b-A). In the
sagittal reconstruction of the CBCT is possible to identify the SS'variation as being of the sellar type (figure 1c).

Figure 1.Preoperative CBCT exam for orthognathic surgery: a- axial reconstruction showing the lateral SS’extension, approaching the posterior wall of the
maxillary sinus and pterygomaxillary fissure bilaterally; b- coronal reconstruction showing the SS’extension of the full lateral type, involving: (A) pterygoid
processes, (B) greater and lesser wings of the sphenoid bone bilaterally + (C) extension to bilateral anterior clinoid process and; c- sagittal reconstruction,
showing the SS’pneumatization of the type sellar and (A) approximation of the posterior wall of the maxillary sinus (A) and (B) SS septation of right side.

In the immediate postoperative CBCT image (figures 2a-c), it was found a hyperdense image of the SS only
on the right side with compromise of the floor, due to the factors related to the transoperative period. Among these,
can be the greater force applied in the right side associated with greater resistance at the moment of pterygomaxillary
disjunction, because individuals with CLP have scarring fibrosis areas and bone more sclerotic. In addition, the fixing and
immobilizing the plates (forcing the right side more) or the chisel positioning at different heights can also justify this harm.
The hyperdense image of the SS is horizontally level and suggests an extravasation liquid content inside (figure 2c-A). On
the left side, the procedure was performed with no sphenoid sinus walls involved.

Figure 2. Postoperative CBCT exam for orthognathic surgery, showing the SS’opacification on the right side in multiplanar (a) axial, (b) coronal and (c) sagittal
reconstructions. The fracture in the floor of the SS is observed in sagittal reconstruction (c-A).
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After a year of clinical follow-up, the patient had no major complications arising from this involvement on the
right side of her SS. This case was approved by the Ethical Committee of Hospital for Rehabilitation of Craniofacial
Anomalies, Brazil (process number 4.519.255). The Helsinki declaration were followed. The patient signed an informed
consent form authorizing the publication of the CBCT exams, as well as the clinical details.

DISCUSSION

This is the first case reported in the literature that makes a connection between orthognathic surgery and
SS'variation. As already mentioned, the greater the degree of pneumatization, the closer it is to the adjacent structures
and the greater the risk of transoperative complications [1,6]. The first peculiarity of this case was to find the proximity of
this variation with the posterior wall of the maxillary sinus and pterygomaxillary fissure bilaterally. This region is targeted
by the maxillofacial surgeon during orthognathic surgery, being the pterygomaxillary disjunction and mobilization of the
maxila two important steps. This surgery involves the separation of important structures such as: the pyramidal process of
the palatine bone, pterygoid plates and the descending palatine artery (in palatine canal) [9]. It is a procedure performed
“blindly” and very close to this artery, facilitating an iatrogenesis and the occurrence of hemorrhage [8-10]. As in the
present case that the SS is close to the region of the pterygomaxillary disjunction, this hemorrhage can lead to blood
leakage into this sinus, generating other complications, such as sinus infections, mucoceles and, even, future intracranial
and intravascular complications [13,14].

The second particularity of this case is to involves a patient with ICP. These individuals undergo many surgeries
during their rehabilitation process, such as palatoplasty [15]. This is done in childhood and can lead to the formation of
scarring fibrosis [15]. Therefore, a study showed that the region of the pterygomaxillary junction may be more sclerotic
in these individuals, requiring greater strength at the time of disjunction [16]. If the force exceeds its threshold during
this separation, it can lead to a fracture line at the skull-base [16]. This fractures are associated with several critical
complications such as intracranial and orbital injuries, cerebrospinal fluid leakage, cranial nerve palsy and vascular
injuries [17].

The fact that it is the first reported case that presents complications with orthognathic surgery, becomes a
limitation of the present study. However, some authors have already been concerned with researching the SS'variation
in patients with CLP. One study found that the group with this anomaly had a lower prevalence of SS'pneumatization
for the pterygoid process and greater wings of the sphenoid bone [18]. However, another study found no significant
difference between the types of SS'variations for CLP individuals [19]. Recently, a study found the most prevalent presellar
classification for individuals with CLP and postsellar and clival without CLP [20]. For the lateral extension, as well the
patient in the present case, they found no significant difference in the comparison between the groups [20].

Thus, the identification of these classifications in individuals with and without CLP is very important prior to
surgeries that cover your region. The SS drains through a single ostium, called the sphenoethmoidal recess [21]. In case
of ostium obliteration, due to local trauma or the presence of blood (as in the present case report), it may cause an
impediment to its drainage, leading to the sinus infections. The literature shows some other complications resulting from
the involvement of the SS, regardless of being patient with or without CLP. A systematic review showed that the most
prevalent pathologies of SS'opacification identified in CBCT were: chronic rhinosinusitis without nasal polyps (28.3%),
mucoceles (20.3%), fungal sinusitis (12.5%), malignant neoplasms (7.7 %), intracranial lesions (7.0%), benign neoplasms
(5.7%), chronic rhinosinusitis with nasal polyps (3.4%), other injuries (4.7%) and cranial neuropathies were present in
16.3% of a total of 1.133 patients [22].

The CBCT was an excellent exam for identifying the SS’pneumatization, as well as for the pre-surgical planning
of the present case, as other authors agreed [7]. Although the patient in this case report did not have these serious
complications introduced, this could have happened. The maxillofacial surgeon performed a good pre-surgical planning
through the CBCT exam and the left side of the SS was not compromised. The aim of this discussion was to alert
professionals about the possible complications from the involvement of the SS during a surgical approach close to it.
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Thus, the CBCT should be used as a diagnostic tool for this paranasal sinus. It is important to check for the presence
of pneumatization, any hyper or hypodense material inside, and its relationship with the structures involved during
orthognathic surgery.

CONCLUSION

The SS’pneumatization to the sphenoid bone pterygoid plates, as in the case reported, can lead to transoperative
complications resulting from orthognathic surgery, such as: lack of prior planning, fractures and hemorrhages (during
surgery), and infections. Therefore, the use of CBCT in the pre-surgical planning of individuals with and without CLP
is essential. However, we emphasize that in individuals with CLP, this planning must consider the areas of scar fibrosis
and bone sclerosis, because they make the surgical stages more difficult, further compromising the SS and bringing
conseqguences to the patients.
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