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ABSTRACT

evaluation.

The Frontal sinus with its peculiar mucociliary drainage affected by pathology at the frontal recess necessitates an
intervention, medical or surgical. Current review elaborates upon the role of basic imaging in pre treatment

Keywords: Frontal sinus, Plain radiography, Computed tomography, Magnetic resonance imaging

INTRODUCTION

Radiography of the paranasal sinuses has been available
since the early 1900s Reardon 2002.* Skull radiographs,
computed tomography and magnetic resonance constitute
the imaging studies which have a vital role in the prompt
diagnosis and thus management of the frontal sinus
pathologies.

REVIEW OF LITERATURE
Radiology of frontal sinus

In 1912 Mosher utilized a lateral radiograph while
attempting to pass a probe into the frontal sinus.? In
Water’s or occipitomental view, the frontal sinuses are
projected obliquely and their floors are clearly
demarcated. In Caldwell’s or occipitofrontal view, the
frontal sinuses are also clearly visualized.®

The sinus is compartmentalized by the intrasinus septa
and marginated by irregular bone. The loss of scalloped
border, or the intrasinus septa, on plain radiographs
indicates chronic infection as mentioned by Wigh et al.*

Radiographs of skull

Role of sinus radiographs is very controversial due to
likelihood of false positive and false negative
interpretations, particularly in infants and
children. Normal sinuses are radiolucent; whereas
diseased sinuses show varying degrees of opacity or an
fluid level.® Sinus radiographs are not reliable enough to
be integral component of clinical decision-making
process as they do not allow adequate evaluation of the
disease of the frontal sinuses and the drainage pathways
because of the overlapping structures. Lazar et al, Burke
et al, Goldstein et al.®® The radiation exposure for
Water’s and lateral view radiographs is 40-60 mSv.2 The
paired sinuses are superimposed on each other, on lateral
view but still the posterior table and extent of
pneumatisation can be determined.®

Evaluation of lateral head films

The lateral head films are oriented horizontally with the
nasion sella line. The outer border of the frontal sinus is
traced and the highest (SH) and lowest (SL) point of its
extension is marked. Perpendicular to the interconnecting
line SH-SL the maximum width of the frontal sinus is
assessed as mentioned by Esturk et al.!® On the lateral

International Journal of Otorhinolaryngology and Head and Neck Surgery | November 2020 | Vol 6 | Issue 11  Page 2150



Munjal M et al. Int J Otorhinolaryngol Head Neck Surg. 2020 Nov;6(11):2150-2154

projection the paired sinuses are superimposed on one
another and cannot, therefore be distinguished, indicated
by MacKay and Lund.** The opacities or an air fluid
level in the frontal sinus in plain radiographs of the para-
nasal sinuses are usually the result of disease processes in
the frontal recess. Even with the extensive involvement
of the frontal sinus the changes in the frontal recess
appear to be slight and identified only by conventional
tomography as reported by Stammberger.*?

Figure 1: Plain radiograph lateral view skull, showing
anterior and posterior frontal tables.

Figure 2: Cald Well’s view showing lateral
pneumatization of frontal sinuses.

Computed tomography (CT) and magnetic resonance
imaging (MRI) of frontal sinus

Computed  tomography and  magnetic  resonance
imaging are the modalities of choice for delineating
potential frontal malignancies, with arteriography
reserved for the occasional highly vascular tumor. In
general, malignancies erode bone, whereas benign

processes cause reactive thickening or remodeling of
adjacent bone.*3

Figure 3: Coronal CT para-nasal sinuses showing
scalloping in the well pneumatised frontal sinus.

CT is the most practical and cost-effective means to study
the paranasal sinuses and assists
in avoiding complications during surgery.’* Computed
tomography scan is very reliable in demonstrating
erosion of the bony sinus wall or perisinus extension.®
Over the years, it has established its place as the
“investigation of choice” for evaluation of paranasal
sinus pathology. In addition to evaluating the bony
passages it also helps to demonstrate mucosal thickening,
fluid or calcification in the sinuses. Soft tissues of the
orbit and anterior cranial fossa can also be visualized.'6

/-A

Figure 4: Axial CT paranasaal sinuses showing
septation in the frontal sinus.

Computed tomography of the frontal sinus is used to
assess its: anatomical status; normal anatomy and
anatomical variations, extent of pneumatization, presence
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of agger nasi cells and its relation with vital structures,
presence of congenital bony dehiscences, pathological
status; delineation of pathology, site and extent, depth or
invasion, details of mucosal abnormalities, possible cause
of pathology, and most important probable cause of
failure of surgery. It is considered ideal to have computed
tomography sections in all the planes-coronal, axial and
sagittal. Though technically it is difficult to get cuts in the
sagittal plane, therefore formatted images are utilized.

Axial plane study of the frontal sinus

Axial computed tomographs clear up the misperception
of the supraorbital pneumatization, which may appear to
be continuous with the frontal sinus and also
corroborates the frontal sinus septation seen on the
coronal views. An axial section tells us the thickness of
the anterior and posterior walls of the sinus, size of the
sinus, number and position of septae, anatomical
variations and surgical pathology if any.'’

Thin axial section CT can be utilized to produce two-
dimensional (sagittal or coronal) and three-dimensional
reconstructions with new scanning modalities.*®

Figure 5: Saggital view, MRI showing frontal sinus
and drainage pathway.

Coronal plane study of the frontal sinus

It is the preferred plane for computed tomographic
imaging prior to functional endoscopic sinus surgery
because being synchronized with surgical steps; it serves
as a guide (road map) to the endoscopist. The optimal
technique consists of acquiring direct contiguous sections
3 mm thick in the coronal plane.*®

Optimal  detail is obtained by coronal and
axial tomograms at 1.5 to 2 mm intervals with both, bone
windows and soft tissue algorithms.?® Tumours tend to
have a soft tissue density on CT scans. Sinus secretions

have a lower density and with contrast secretions do not
enhance unlike most tumors and inflamed mucosa.

The anatomic relationship of the agger nasi cell to the
lacrimal fossa can be clearly demonstrated in the coronal
views. Agger nasi cells lie below the level of frontal sinus
and frontal recess and are located anterior to the
attachment of middle turbinate.*? The floor of the sinus is
the thinnest wall and is formed by the roof of the orbit
and slopes downwards and medially towards the frontal
recess.?

Frontal cells on computed tomogram

The frontal cells are classified into four different types
depending on their location.*® Type I; single frontal
recess cell above the agger nasi cell, type II; tier of cells
in frontal recess above agger nasi cell, type Ill; single
massive cell pneumatizing cephalad into the frontal sinus,
type 1V; single isolated cell with in the frontal
sinus the “loner cell”. Ethmoid configurations are
classified on the basis of increasing length of ‘lateral
lamellae.?? Type I; lateral lamellae are short (1-3 mm).
The olfactory fossa is shallow and the roof of the ethmoid
is relatively even with the cribriform plate, type
Il; Lateral lamellae are longer (4-7mm in length), making
the roof of the ethmoid significantly higher than the
cribriform plate, type I11; lateral lamellae are 8 to 16 mm
long, the olfactory fossa is deep. The course from the roof
of the ethmoid to the cribriform plate is quite steep. The
upper border of ethmoid sinuses is known as fovea
ethmoidalis. Height of the fovea can also be measured
using foveal plane and foveal angle.?® Foveal plane is a
horizontal plane passing through the junction of the fovea
with the medial orbital walls. High foveal plane; passing
through the upper one third of the orbit, mid foveal plane:
passing through the middle portion of the orbit, low
foveal plane; lying below the mid orbital plane.

Foveal angleis the angle between the fovea and the
lamina papyracea. Ideally a postoperative patient should
be followed with coronal computed tomography to
establish the type and extent of surgical intervention. The
sinus boundaries and important anatomic relationship
should be inspected particularly for any bony dehiscence
or development of a cephalocele.

Sagittal plane study of the frontal sinus

Sagittal reformations are helpful in better defining the
drainage pathway of the frontal sinus and frontal recess.

A true sagittal computed tomographic section is difficult
to obtain, asit requires awkward positioning of the
patient therefore sagittal reconstruction from the coronal
scan acquisition is performed.1.5 mm sections at 1.5 mm
spacing are obtained.?* Computed tomographic scanning
for image guided surgery is used nowadays, thus
minimizing the risk of operative complications in
endoscopic sinus surgery. Computed tomographic scan is
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very reliable in demonstrating bony sinus wall erosion or
perisinus extension.'®> Bone erosion is generally produced
by malignant tumors but can also be seen with large
expansile mucoceles. Extra-cranial extension is a
hallmark of malignant disease. It may represent a primary
sinus tumor, a metastatic lesion or extension of an
intracranial neoplasm.?® Disadvantages of computed
tomographic scanning include higher expenses, higher
radiation dose and interference by artifacts such as
extensive dental fillings.?

Magnetic resonance imaging

MRI gives excellent delineation of soft tissues lesions
and important structures adjacent to frontal sinuses, such
as the orbit and anterior cranial fossa. All though it
cannot  differentiate  usually between benign and
malignant processes.?” Inflamed mucosa, polyps and non-
inspissated secretions with high water content have
increased signal intensity on T2 weighted images
whereas neoplasms have intermediate signal intensity.?
Some sino-nasal malignancies, like minor salivary gland
tumors, schwannomas, and haemangiomas, exhibit high
signal intensity on T2 weighting.

Magnetic resonance imaging contrast enhanced with
gadolinium is preferred for post-therapy assessment of
frontal sinus malignancies.** Magnetic resonance imaging
is superior to computed tomographic scanning in
differentiating tumor from the adjacent inflammatory
sinus disease if complications of sinusitis or a neoplasm
is suspected, the study of choice is contrast enhanced
magnetic resonance imaging. Other advantages of MRI
are; multiplanar capability, superior soft tissue contrast
and lack of ionizing radiations.

The standard protocol for magnetic resonance imaging of
paranasal sinuses is T1 weighted images in the sagittal,
axial, and coronal planes and T2 weighted images in the
axial plane. T1 weighted images assess anatomy; T2
weighted images assess disease brighter signal is
produced by fluid containing structures whereas a lower
signal is produced by malignant tumors.

Disadvantages of magnetic resonance imaging are; time
consumed in scanning is about 30-45 minutes as
compared to computed tomographic scan, which takes
approximately 15 mins, more noisy and confining than
computed tomographic scan and therefore claustrophobic
patients are difficult to assess and the bony margins of the
sinuses appear as a plane of absent signal on magnetic
resonance imaging.*?

Magnetic resonance imaging is not a reliable operative
road map to guide the surgeon during functional
endoscopic sinus surgery.?” Singh et al listed the
disadvantages of a magnetic resonance imaging scan;
more expensive, more time consuming and bony detail
not well delineated.'’

The bony demarcation of the sinuses appears as a plane
of absent signal on magnetic resonance imaging.
Therefore, it is not a reliable road map to guide the
surgeon during functional endoscopic sinus surgery.?

CONCLUSION

Vis a vis imaging is the road map to the, functional
endoscopic sinus surgery of the frontal sinus.
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