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FRONTAL SINUS - MORPHOFUNCTIONAL ASPECTS WITH IMPACT IN DENTAL PRAC-
TICE (Abstract): Introduction The frontal sinus has the largest variations in shape and size and 
has the most varied arrangements of the septa inside each compartment. Its morphofunctional and 
developmental features are closely related to dental medicine. Material and methods  consist of 7 
anatomically dissected specimens and 43 radiologically investigated patients. Results We considered 
in both anamical specimens and patients the morphometric features of the sinus and its variants. 
Anatomical variants of shape and dimensions are closely related to craniometric landmarks used 
in orthodontic practice and, especially with malocclusion. Conclusion The data we assesed high-
light the mandatory need for dental practician to know the clinical importance of the anatomical 
features of the frontal sinus. Key words: FRONTAL SINUS, PARANASAL SINUSES IN DEN-
TAL PRACTICE, CLINICAL DENTAL ANATOMY

INtRODuctION  
The exact knowledge of the anatomy as well 

as the individual variability of the air cavities 
and the anatomical formations adjacent to them, 
can bring an extra knowledge necessary to the 
practitioner. The paranasal sinuses present spe-
cific pathological manifestations, interdepend-
ent on the general pathology, which can be 
neglected or confused with other loco-regional 
diseases. In recent years we are witnessing a 
dizzying increase in these diseases, both due to 
the increase in dysmetabolic diseases and as a 
side effect of some drugs that have recently 
entered the therapeutic arsenal.

The nose and paranasal sinuses have the 
most common morbidity of the six organs stud-
ied and investigated in the ENT. The diseases 
located in these regions are very varied, due, 
first of all, to the harmful environmental factors 
that are very widespread in the atmosphere and, 

in particular, in the industrial environment. For 
example, recently there has been an increase in 
the frequency of ethmoidal cancer in wood-
working employees (1).

The frontal sinus can be considered an 
ethmoido-frontal cell, which develops until 
around the age of 14-16. It is the only sinus 
that is not formed at birth. Embryologically, 
each frontal sinus develops from an anterior 
ethmoidal cell, which extends between the two 
plates of the frontal bone.

The cell of origin is placed at the upper 
end of the uncibular groove. Sometimes other 
ethmoidal cells can hypertrophy and bulge into 
the floor of the frontal sinus, sometimes reach-
ing the volume of additional frontal sinuses. 
Differentiation of the frontal sinus from other 
ethmoidal cells occurs after the age of 5-6 years 
and only after 6-8 years can be radiologically 
visible (2).



126

Măriuca Cristina Ciupilan et al.

Its smallest dimensions are compared to 
those of a pea, in which case it remains con-
fined only to the glabella, but can extend to the 
frontal tuberosities, in the orbital parts of the 
frontal bone or in the zygomatic processes of 
the frontal bone. The first expansion of the 
frontal sinus is related to the eruption of the 
first decidual molar, and subsequent expansions 
occur with the appearance of permanent molars 
(3). During aging, the frontal sinus widens 
through bone resorption. It is the sinus that has 
the largest variations in shape and size and has 
the most varied arrangements of the septa inside 
each compartment. This arrangement of the 
septa creates fractures of the mucosa, which 
favors the chronicity of sinusitis. In craniofacial 
dysplasia, the frontal sinus is not constituted or 
has very small dimensions (4).

The frontal sinus is related to the junction 
of the anterior fossa of the skull with the cor-
responding part of the skull vault. It is a pneu-
matic cavity located between the frontal bone 
laminas, at the level of the glabella and lateral 
to it. Usually it is separated from the opposite 
sinus by a septum. It is formed by removing the 
two laminas of compact osseous substance that 
form the scaly portion of the bone. Rarely, one 
or both compartments may be missing. The 
frontal sinuses present an orifice (apertura sinus 
frontalis), which continues through the fronto-
nasal canal that opens into the infundibulum of 
the middle meatus. Thus the mucosa lining the 
frontal sinuses communicates with the mucosa 
of the nasal cavities. This means that inflam-
mation of the nasal cavities can spread to the 
frontal sinuses, causing sinusitis (5, 6).

The present paper is intended to be an ex-
haustive study of the anatomy of the frontal 
sinuses, wishing to draw attention to the impor-
tance of knowing the individual variations that 
these air cavities present, as well as detailed 
knowledge of the anatomical relationships they 
have with adjacent structures. These aspects are 
of particular importance in current medical 
practice.

MAtERIAL AND MEthODS 
We used both anatomical specimens as dis-

sections performed on corpses, a number of 7 
human skulls, as well as the skull x-rays of 43 
patients, two for each patient, in antero-poste-
rior and profile incidence.

The anatomical specimens resulted from the 
dissection performed on a number of 7 corpses, 

two male and five female. The radiographs used 
as study material included people aged between 
19 and 68 years. Of these, 28 were men, while 
15 were women.

In this study we aimed to highlight by dis-
section the frontal sinuses, as well as well as 
the anatomical relationships with adjacent 
structures. By direct measurements on anatom-
ical parts, obtained either during dissection or 
on cross sections made at different levels by the 
human skulls studied, or by measurements per-
formed on radiographic plates we tried to es-
tablish the average dimensions and the limits 
between which morphological variations of 
cavities can be included. Also, both by dissec-
tion and on the bone sections performed, we 
followed the highlighting of the fronto-nasal 
canal as well as the aditus ad antrum. The most 
commonly used incidences in the radiological 
examination of the neorocranium sinuses are:
a. nasal-chin-plate appraisal for examination 

of maxillary, frontal sinuses and anterior 
ethmoid cells; the patient is placed in a 
prone position, with his nose and chin on 
the plate. This incidence highlights the par-
tial opacity and fluid levels in the maxillary 
and frontal sinuses. The inconvenience of 
this incidence consists in the projection of 
the temporal rock on the infrastructure of 
the maxillary sinus.

b. the appraisal of nose-forehead-plate, useful 
for exploring the frontal and ethmoid si-
nuses highlights well the bone lines and con-
tours. The interpretation of the opacity of 
the bone cavities in this incidence is difficult 
due to the overlapping projection of the own 
nasal bones, the ascending apophysis of the 
jaw, the ethmoidal cells a — teribar with the 
posterior ones, as well as the body of the 
sphenoid. Highlighting one or the other of 
these cavities Requires the execution of com-
plementary incidences.

c. the appraisal of the base of the skull or the 
incidence of Hirtz (vertex-plate) is used for 
radiological exploration of ethmoidal cells 
and sphenoid sinuses. Highlights the con-
figuration of the sphenoid sinuses, the pos-
terior edges of the maxillary sinuses, the 
outer wall of the orbit, and the large wings 
of the elfphenoid. The shadows of the soft 
parts of the cavum and oropharynx overlap 
with the clarity of the ethmoidal cells, lead-
ing to confusions that can be removed by 
performing tomography or profile incidence.
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d. the profile appraisal is used mainly for the 
topographic study of the development of the 
frontal and sphenoid sinuses; he catches the 
whole head on the cliché, being able to 
observe a large number of lines of bone 
contours, with the extensions of the sinuses, 
especially of the frontal ones, the most var-
iable in volume. The condition of the bone 
walls and the degree of transparency or opa-
cification of the cavities (the level of fluid 
in the back of the sphenoid and frontal si-
nuses) can be assessed. Various diseases of 
the cavum can also be highlighted.
The radiographic incidences used in our study 

were the antero-posterior and profile. Normal 
sinuses are radiolucent, while when there are 
various diseases, they will have varying degrees 
of opacity.  

In anteroposterior incidence most sinuses 
are visible. On radiographic slides, the frontal 
sinuses can be easily seen in the antero-poste-
rior incidence, located above the nasal cavity 
and the inner part of the orbit. In this incidence 
it is possible to appreciate the asymmetry of 
these air cavities, the vertical extension, as well 
as the position of the intersinusal septum. In 
lateral incidences, the extension of the frontal 
sinuses can be evaluated both upwards, inside 
the frontal bone, and backwards, in the floor 
of the orbit.

RESuLtS 
In one of the male corpses, a hyperpneuma-

tization of all the paranasal cavities showed the 
frontal, sphenoid and ethmoidal sinuses (Fig. 
1) having very large dimensions and only  max-
illary sinus having smaller than normal dimen-
sions. Thus, the frontal sinus had the following 
dimensions:

•	 height	=	49	mm;	width	=	39	mrn;
•	 antero-posterior	=	30	mm	(Fig.	2).

These dimensions stand for a hyperpneuma-
tization of the frontal sinus, which was ex-
tended upwards and exceeding the frontal bossa. 
Laterally it reached the external orbital process, 
and posteriorly it extended within the superior 
wall of the orbit. The internal (septal) wall of 
the frontal sinus was dehiscent, achieving a 
wide communication between the two sinuses, 
right and left. Also, the posterior wall was 
made of a thin osseous lamina, with a thickness 
of only 5 mm. In this case, the ethmoidal sinus 
comprised a number of 7 large ethmoidal cells, 
having a volume that we estimated at about 2-3 
cm3. Of the 7 ethmoidal cells, the anterior 
group consisted of 4 cells, while the posterior 
group comprised only 3 cells.

On the following male the dimensions of the 
frontal sinuses were:
•	 height	=	34	mm;
•	 width	=	28	mm;
•	 antero-posterior	=	20	mm.

Next, we measured the dimensions of the 
sinuses of the neurocranium on the 7 skulls 
available for the study. This could be done after 
the trepanation of one of the sinus walls, for 
the frontal, sphenoid sinuses and for the mas-
toid antrum, as well as after the detachment of 
the frontal and maxillary bone, in order to study 
the ethmoidal cells.

In this study we found:
•	 in	5	cases,	the	septal	wall	of	the	frontal	si-

nuses was latero-deviated, in three of these 
cases the right frontal sinus was prevalent, 

Fig. 1. 1=frontal	sinus,	2=middle	meatus;	
3=sphenoidal	sinus.	Dissection	specimen.

Fig. 2. 1=hyperpneumatization	of	the	frontal	
sinuses;	2=diminishing	of	the	maxillary	sinuses.
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while in two cases the left frontal sinus 
prevalent;

•	 in	one	case	the	frontal	sinus	was	absent	(Fig.	
3 and 4);

•	 in	4	cases	out	of	the	7,	the	septal	wall	of	the	
frontal sinuses had intersinusal communica-
tion orifices. In one of these cases the ori-
fices were so well represented that the sep-
tal wall was dehiscent, allowing a very wide 
intersinusal communication.
The radiologic images used in the present 

study were selected so that for each case there 
were both face and profile X-Rays, which al-
lowed a more accurate measurement of sinus 
dimensions, as well as a closer observation of 
possible overlaps. Consequently, the number or 
size of ethmoidal cells could not be assessed, 
as they overlap over the adjacent bone contours. 
During this study we encountered:
•	 in	 6	 of	 the	 43	 patients	whose	 radiographs	

were studied, the frontal sinuses were very 
small; 4 radiographs belonged to females, 
while 2 belonged to males. In these indi-
viduals, the frontal sinuses were located at 
the level of the internal orbital process of 
the frontal;

•	 in	23	of	 the	subjects	of	 the	study,	a	septal	
lateral deviated wall could be observed, at 
the level of the frontal sinus, with the pre-
dominance of one of the two sinuses.

DIScuSSIONS 
Andreas Vesalius is considered to be the first 

to describe the frontal sinus in his famous book 
„Di Humani Corporis Fabrica”, resembling a 
cave full of air. Later, Blaney reports that the 
frontal sinuses are anatomical structures dis-

covered only in humans and some large African 
monkeys.

Numerous studies have shown that (7, 8, 9, 
10	 and	 11)	 radiographic	 study	 in	 children	 to	
assess the development of the frontal sinus and 
noted that growth begins in the thirteenth 
month, being the same in both sexes. Its growth 
continues	until	the	age	of	20	when	it	begins	to	
increase horizontally in girls and vertically in 
boys. There was also a prevalent increase in the 
left sinus compared to the right (12).

In terms of antero-posterior diameter meas-
urement, Ponde found its values   significantly 
higher	in	women	(p	<0.001)	in	a	study	using	
computed tomography (13).

Recent morphometric studies show a direct 
correlation between the larger size of the fron-
tal sinus and the reduced inclination of the 
cranial base in the anterior part, with the in-
crease in facial height in the anterior part (in 
men) and with an increased gonion angle (in 
women) (14).

Craniometric angles had significant associa-
tions with frontal sinus size in all enrolled sub-
jects	(P	<0.05).	In	men,	the	angle	between	the	
anterior cranial base and the sum of the Frank-
furt plane of the posterior angles, the palatal 
plane angle relative to the anterior cranial base, 
and the Jarabak index were significantly associ-
ated	with	frontal	sinus	size	(P	<0.05).	In	fe-
males, their associations with gonial angles 
with frontal sinus size were significant (P 
<0.05).	These	results	show	that	the	larger	size	
of the frontal sinus was associated with reduced 
inclination of the anterior cranial base, in-
creased anterior facial height (in men) and in-
creased gonial angle (in women) in the study 
population (15).

Fig. 3. Absence of the frontal sinus 
on both sides.

Fig. 4. Absence on the frontal 
sinus on left side.
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Another study shows that there is a signifi-
cant difference in height, width and area of the 
frontal sinus region in terms of skeletal maloc-
clusions. The frontal sinus plays a significant 
role in their description and its dimensions are 
correlated with different skeletal models, such 
as the extension of the frontal sinus could be 
associated with prognathic patients (16).

cONcLuSSIONS 
The frontal sinuses show the greatest varia-

tions in their size and shape; large sinuses can 

be found especially in men, in which case the 
sinus cavity can extend upwards, exceeding the 
frontal lobe, laterally to the external or poste-
rior orbital process, in the ceiling of the orbit; 
small sinuses can be found especially in fe-
males, being located at the level of the internal 
orbital process and can be confused with an 
ethmoid cell. It is important to know these mor-
phological variations, especially in the practice 
of dental medicine and ENT, so that, compared 
to them, you can choose the approach consid-
ered to be the most anatomical and functional.
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