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ABSTRACT

sinus needs an introspection.

In this era of minimally invasive surgical interventions, the knowledge of the physiology and pathophysiology of the
frontal sinus is vital to the endoscopic rhinologist. The conventional procedure of sinus surgery has given way to
functional endoscopic sinus surgery whereby now the emphasis is not on cleaning the sinus but reverting the function
of the sinus. The surgery is only done at the frontal recess only. The physiology and pathophysiology of the frontal

Keywords: Frontal sinus, Physiology, Pathophysiology, Endoscopic surgery

INTRODUCTION

Galen in 691 AD noted the existence of the paranasal
sinuses. Vesalius in early 16th century described the
frontal, maxillary, and the sphenoid sinuses.!

The frontal sinuses, one on either side lie deep to the
supraciliary ridges, between the outer and inner tables of
the frontal bone. They are rarely symmetrical; the septum
between them usually deviating from the median plane.
The frontal sinus is usually larger in men compared to in
women. 4% of the population fail to develop both the
frontal sinuses.?3

Historically, major frontal sinus surgery has only existed
for the last 115 years. The concept of the frontal recess, as
the frontal sinus drainage pathway was conceived by
Killian in 1896. Surgical management of frontal sinus
disease was first described in the 19th century.*S

The frontal sinus was first described by Volcher Coiter of
Holland, a pupil of Fallopius and Eustachius in the 16th
century. Berengario ad Capri in the 16th century described

the frontal bone region as having “two tables within which
there is notable vacuity so as to not weigh down the body.”
Da Vinci in 1489 first recognized its existence and
illustrated its morphology. Schaffer 1916 coined the term

“frontal sinus”.®

The frontal sinus remains the most challenging paranasal
sinus to treat even with the advent of endoscopic sinus
instrumentation.”

DISCUSSION

Frontal sinus is lined by ciliated pseudostratified columnar
epithelium, which is thin and pink in colour. Underneath
lies the tunica propria which contains different types of
cells and glands, that secrete mucus. Number of goblet
cells is about 5900/mm2 and seromucinous glands about
0.08/mm228

Frontal sinus drains towards the middle meatus and
requires a patent sinus ostium and a healthy lining mucosa.
Healthy mucosa means normally functioning cilia and
mucus secretion of normal viscosity and elasticity.
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Ventilation prevents hypoxia in sinus and avoids
subsequent transudation of serous fluid, ciliary
dysfunction, and mucus gland dysfunction.®

The cilia beat in a synchronized fashion, with only the tips
propelling the gel phase during their active beat, and
remain within the sol phase during recovery, thereby
propelling the gel phase during their active beat. The beat
frequency ranges from 8 to 20 beats per second.*®

Stammberger’s endoscopic observations indicate that
mucus layer is renewed two to three times per hour.® The
frontal sinus is unique in its mucociliary clearance, as this
is the only sinus in which an inherent recirculation
phenomenon occurs. Mucus is actively transported into the
sinus along the intersinus septum. Mucus then travels
laterally across the roof of the sinus to the lateral wall, then
to the floor and finally, either enters the frontal sinus
infundibulum or recirculates through the intersinus
septum.®

Thus, an unspecified amount of mucus and debris may
recycle through the frontal sinus.°

Hilding 1932 demonstrated that the mucous blanket
travels in a spiral manner towards the internal ostium in a
way that effectively defies gravity.12 Messerklinger 1967
confirmed Hilding’s work 35 years later with an additional
discovery that a portion of the mucus blanket recirculates
within the frontal sinus and frontal recess, while the
remaining mucus enters the middle meatus.t%2

Mucus blanket in most cases is able to bypass many
anatomical obstructions. At some area’s secretions may be
temporarily retained until their surface tension, cohesion,
and viscosity combined with gravity enables them to
overcome these obstacles.®

After passing through the ostium, mucus enters the narrow
clefts that form the frontal recess, which ultimately joins
the Osteomeatal complex (OMC).

The drainage pathway of the frontal sinus has an
‘hourglass pattern’, composed of three different regions.*®

* The upper/top region is the frontal infundibulum, the cleft
within the inferior-most aspect of frontal sinus forms an
upright funnel that narrows towards the inferior, posterior
and medial direction.

* The waist/middle region is represented by the frontal
sinus ostium, found postero-medially in the sinus, at the
most inferior aspect of frontal infundibulum.

* The lower/bottom region is formed by the frontal recess,
the narrow cleft within the anterior ethmoid complex that
forms an inverted funnel that widens in inferior and
posterior direction.

Ciliary-beat frequency (CBF) is an important factor
influencing mucociliary flow in the respiratory tract. A
significant correlation exists between CBF and mucus
transport time (MTT), which suggests that CBF is the main
factor in nasal mucociliary clearance in healthy
individuals.'

From the frontal sinus the mucus flows
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Figure 1: Flow chart of frontal sinus drainage.
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Figure 2: Ciliary stroke in nasal mucosa®®
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The frontal sinus pathophysiology

Any pathology in the sinuses is due to abnormal
mucociliary flow resulting from alteration in the normal
ventilation or drainage of the sinuses.

In the pathogenesis of sinus pathology, the presence of
“mucosal contact” areas is the single most important
factor. Messerklinger 1978. Various etiologies are
responsible for the obstruction of the mucociliary drainage
pathway.6

Narrowing of the frontal sinus drainage pathway at any of
its bony surroundings, due to mucosal oedema, polyps,
scarring, and adhesions secondary to trauma, infection, or
previous surgery may lead to frontal sinus obstruction.’

Etiological/predisposing factors

Mackay IS and Lund VJ 1997 stated the predisposing
factors as: anatomical variants, mucociliary abnormalities
include primary-primary ciliary dyskinesia cystic fibrosis
Young’s syndrome and secondary-allergy, bacterial
infection.'® Mucociliary clearance can be impaired by:
hypoxia, temperature variations, dehydration, medications
(antihistamines and anticholinergics), cigarette smoke,
foreign bodies, infections, environmental irritants, trauma,
tumours, primary immune deficiency or secondary due to
Human immunodeficiency  (HIV) infection or
immunosuppressant drugs and allergy.

More than 90% of frontal and maxillary sinusitis is due to
pathology in the anterior ethmoid region and limited
surgery to treat these distal sites can re-establish
ventilation and drainage.

Messerklinger found the incidence isolated sphenoid sinus
disease to be about 2%.1° In the present era the physiology
and pathophysiology of the frontal sinuses is of paramount
importance as endoscopic surgery aims to be minimally
invasive with emphasis only on the frontal recess and
ostium of the frontal sinus. The obstructive pathology is
removed under magnified endoscopic visualisation
thereby facilitating drainage and ventilation of the frontal
sinus. The aerobic environment reverts the mucociliary
function and the sinus starts clearing by itself.?° In case of
mucocele the frontal sinus is most commonly involved
owing to obstruction of natural ostia of the frontal sinus
which impairs the drainage.?*?? Ciliary immobility can
lead to increased mucus viscosity, further blocking
drainage. Bacteria are introduced into the sinuses by
coughing and nose blowing causing further infection.?®

CONCLUSION

The frontal sinus sinus is an essential part of the immune
defencef/air filtration carried out by the nose. The anatomic
features that often compromise ventilation and drainage of
the frontal sinus also limit the effectiveness of medical and
surgical management.
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