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SUMMARY

Detailed anatomical knowledge of the vari-
ability in the drainage pathway in relation to
the frontal sinus is a prerequisite for successful
sinus surgery. We studied 32 mid-sagittal
cadaveric heads and recorded the following
parameters: drainage site of the sinus in rela-
tion to the uncinate process, attachment of the
uncinate process, pneumatization of the agger
nasi, and morphometric measurements for the
localization of the frontal ostium during endo-
scopic surgery. Frontal sinus drainage was
anterior to the uncinate process in 59.4% and
posterior to it in 40.6%. In the majority of
cases (59.4%), the uncinate process was found
attached to the lamina papyracea. The mean
diameter of the frontal ostium was 4.6 + 1.6
mm. The angle formed by the plane of the
frontal ostium to the floor of the nose was 26°
+ 5.9% the distance of the frontal beak to the
anterior nasal spine was 46.50 = 5.7 mm,
while the distance of the frontal beak from the
columella was 48.7 = 4.8 mm. The correspon-
ding angle between the frontal beak to the
nasal floor (at the anterior nasal spine) was 70°
+ 5°, while this decreased to 56.6° + 7.5° when
the columella was the reference point.
Pneumatization of the agger nasi was seen in
90% of specimens. The mean distance of the
anterior ethmoidal artery was 9.0 + 1.2 mm
from the frontal beak, and 8.4 + 1.8 mm from
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the posterior rim of the frontal ostium. These
morphometric data should be of help in endo-
scopic surgery for accurate and safe negotia-
tion of the frontal sinus drainage tract and for
avoiding vascular injury.
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INTRODUCTION

Endonasal frontal sinus surgery aims to
create adequate access to the frontal sinus, to
remove specific pathologic processes, and to
establish permanent and sufficient drainage
and ventilation (Weber, 2009). The variety
of surgical procedures advocated for the
treatment reflects the difficulty in successful-
ly treating this problem (Jacobs et al, 2000).
The frontal recess and frontal sinus show the
variability and very complex nature of the
cellular patterns (van Alyea, 1946; Lang,
1989; Stammberger et al., 1995). A clear
understanding of the anatomy of the
drainage pathway of the frontal sinus is
essential for successful surgical outcome.
Thus, the present study was undertaken to
study the anatomy of the nasofrontal region
in cadaveric dissections performed in North-
West Indian population.
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MATERIALS AND METHODS

Adult male cadavers of North-West Indian
populations were taken for study. Thirty-two
mid-sagittal sections of cadaver heads were
used for dissection and measurements. The
nasal septum and middle turbinate were
removed from each of the specimen. The
drainage from the frontal sinus was identified
and followed to its opening in the nose. The
measurements were performed with the help of
a digital vernier caliper (accurate up to .02
mm) and a protractor. Dissection was per-
formed to identify the following:

A. Drainage pattern of the frontal sinus
1. Anterior to the uncinate process (UP)
(Fig. 1):
i. In the region of the agger nasi
ii. Into a space formed by the uncinate
process postero-laterally and superior
attachment of the middle turbinate
anteriorly
2. Posterior to the uncinate process (Fig. 2):
i. Into the ethmoid infundibulum or
close to the hiatus semilunaris
ii. Into the ethmoid cells
3. Hypoplastic frontal sinus

B. Upper attachment of the uncinate process

C. The agger nasi cells:
1. Pneumatized or not
2. Number of cells present
3. Drainage of the agger nasi into the
infundibulum or frontal recess

D. Relevant linear and angular measurements
(Fig. 3):

1. Diameter of the frontal ostium measured as
the distance between the frontal beak and
the posterior rim of the frontal ostium

2. Angle formed by the plane of the frontal
ostium to the floor of the nose

3. Distance of the frontal beak to the ante-
rior nasal spine

4. Angle of the frontal beak to the nasal
floor with the anterior nasal spine as a
reference point

5. Distance of the frontal beak to the base of
the columella

6. Angle of the frontal beak to the nasal floor
with the columella as a reference point

7. Distance of the anterior ethmoidal artery
from the frontal beak

8. Distance of the anterior ethmoidal artery
from the posterior rim of the frontal
ostium

Fig. 1. The superior end of the uncinate process is attached
laterally, forming a cul-de-sac. The frontal sinus can be seen
draining anteriorly to the uncinate process. The frontal ostium and
uncinate process are marked by the arrow.

Fig. 2. The frontal sinus drains posteriorly to the uncinate process
into the frontal recess. The upper end of the uncinate process is
attached to the base of skull.

Fig. 3. Image showing: 1. Distance of the frontal beak (B) to the
anterior nasal spine (S). 2. Angle of the frontal beak to the nasal
floor with the anterior nasal spine as reference point (BSD). 3.
Distance of the frontal beak (B) to the base of the columella (C). 4.
Angle of the frontal beak to the nasal floor with the columella as
reference point (BCD).
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RESULTS

Drainage pattern, distance and angles related to
the frontal sinus

The frontal sinus drained anteriorly to the
uncinate process (UP) in 19 specimens
(59.4%). These specimens could be further
subdivided into those with the sinus draining
in the region of the agger nasi (11 specimens;
34.4%), and those draining into a space
formed by the uncinate process postero-later-
ally and the superior attachment of the middle
turbinate anteriorly (08 specimens; 25%). The
frontal sinus was found to drain posterior to
the UP in 13 specimens (40.6%). In these, in
12 specimens (37.5%) it drained into the eth-
moid infundibulum or close to the hiatus
semilunaris, while in one specimen the agger
nasi sinus drained directly into the ethmoid
cells. None of the specimens exhibited a
hypoplastic frontal sinus.

The diameter of the frontal ostium was
found to range between 2.26 mm and 10.4
mm, with a mean of 4.6 + 1.6 mm. The angle
formed by the plane of agger nasi frontal
ostium to the floor of the nose was 26° + 5.9°,
ranging between 13° and 41°. The distance of
the frontal beak to the anterior nasal spine
ranged between 39.8 mm and 60.8 mm, with
a mean of 46.5 + 5.7 mm. The corresponding
angle to the nasal floor was 70° =+ 5° ranging
between 55° and 80°. When the base of agger
nasi columella was taken as the reference point,
the distance to the frontal beak increased: 48.7
+ 4.8 mm, with range of 40.5-63.5. In com-
parison, the angle of the frontal beak to the
agger nasi nasal floor decreased, with a mean
value of 56.6° + 7.5° (range 42°-71°).

Upper attachment of the uncinate process (UP)
(Fig. 1 and Fig. 2)

The upper end of the UP was found to
extend to the ethmoidal roof in 12 specimens
(37.5%), but in most cases (19 specimens;
59.4%) it was attached to the lamina
papyracea in the form of a dome. The uncinate
process was absent in one specimen.

Pneumatization pattern of the agger nasi

The agger nasi featured an absence of
pneumatization in 3 cases (9.4%), while it was
pneumatized in the other 29 (90.6%) speci-
mens: 5 specimens had one cell each; 11 spec-
imens had two cells each; 3-4 cells were found
in 5 specimens, and 3 cases had 5 cells each.
Thus, 50% of the specimens demonstrated 1-

2 cells in the agger nasi. The agger nasi cells
drained into the frontal recess in most of the
specimens (26; 81.3%), while in the rest it
drained into the infundibulum.

Anterior ethmoidal artery

The artery was found to be present just
behind the point where the anterior wall of
the bulla meets the skull base. The mean dis-
tance of the anterior ethmoidal artery from the
frontal beak was 9.0 + 1.2 mm, with a range
between 3.3 mm and 19.2 mm. The distance
between the posterior rim of the frontal
ostium and the anterior ethmoidal artery
ranged from 0.19 mm to 9.6 mm, with a
mean value of 8.4 + 1.8 mm.

DiscussioNn

With the advent of functional endoscopic
sinus surgery (FESS) for frontal sinus disease,
the concepts of frontal recess and frontal
infundibulum have emerged and received con-
siderable attention. The walls and boundaries
of the frontal recess belong to the surrounding
structures, making the frontal recess a passive
space and not a true duct. The degree of paten-
cy of the frontal recess is largely determined
by these adjacent structures. Extensive
pneumatization of the ethmoid bulla posterior
to the recess and the agger nasi anterior to the
recess gives the space a duct-like appearance in
parasagittal sections. The inferior third of the
frontal sinus drainage pathway is the anatomic
location responsible for most cases of frontal
sinusitis (Stammberger et al., 1995; Zeifer,
1998). One of the major causes of surgical fail-
ure in creating a permanent large drainage site
is the formation of scar tissue within the
frontal recess. Successful endoscopic frontal
sinusotomy requires a deep anatomical knowl-
edge and considerable surgical skills and accu-
racy (Stammberger, 1999; Kim et al., 2001).

Determination of the surgical anatomy of
the fontal sinus drainage pathways is necessary
since curettes and probes are usually placed
along this drainage tract. Failure to identify
the roof of the ethmoidal cells may result in
the probe penetrating and injuring the skull
base. The frontal sinus drainage pathway can
be plotted best by taking axial cuts on CT,
starting well above the frontal ostium. The
position of the various cells in the pathway is
confirmed by referring to the coronal and
parasagittal scans (Wormald, 2005). In the
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present study the sinus drained anteriorly to
the UP in about 60% of the specimens, and
posteriorly to it in the remaining 40% of
cases. This was similar to previous reports by
Kasper (1936) and Kim et al. (2001),
although these findings are different from
those reported by Lee et al. (1997), and Gaffar
et al. (2001) (Table 1). Lang (1989) found that
the frontal sinus drained towards the semilu-
nar hiatus in 67.7%, while in 33.3% it
drained outside the semilunar hiatus. The ter-
minology used to define the drainage area
might also add to the variation in the results.
The difference in the drainage tract of the
frontal sinus determines the likelihood of the
frontal sinus being affected by accompanying
ostiomeatal complex inflammation (Gaffar et
al., 2001). A clear understanding of the com-
mon drainage patterns of the frontal sinus is
essential so that each individual case can be
assessed with these patterns in mind, and a
clear surgical plan can be developed and exe-
cuted (Wormwald, 2005).

The distance of the frontal ostium from the
nasal aperture is indicated by the distance of
the frontal beak from the anterior nasal spine.
These two bony points were chosen to ensure
accuracy and reproducibility. The distances
from the columella were included, since clini-
cally they are easier to apply. The distance of
the frontal beak was found to be 46.5 mm
(39.8-60.8 mm) from the anterior nasal spine
and 48.7 mm (40.5-63.5 mm) from the col-

umella. The corresponding angles to the nasal

floor were found to be 70° and 57° respective-
ly. Gaftar et al. (2001) have reported the dis-
tances from the frontal beak to the anterior
nasal spine as 50.6 mm (38-62 mm), with an
angle of 69°, and the distance from the col-
umella to be 57.2 mm (47-69 mm), with an
angle of 55°. Our findings suggest that dur-
ing endoscopic procedure surgeons can expect
to locate the frontal ostium within 4-5 cm
from the nasal aperture, with the endoscope
angled at 50°-70° to the nasal floor.

Identification of anatomical variations of the
uncinate process and removal of its upper part
are essential for locating the frontal sinus
ostium, and hence for creating surgical access to
the frontal sinus (Friedman et al., 2000). The
upper part of the uncinate process is a depend-
able anatomic landmark for the localization of
the frontal sinus ostium in CT scans and endo-
scopic frontal sinus surgery (Bing et al., 2008).
The upper end of the UP was found to be
attached superiorly to the base of the skull in
about 40% of cases. In the majority (60%) of
specimens it inserted laterally into the lamina
papyracea. Lateral attachment of the UP creates
a blind cul-de-sac known as the terminal recess,
which has been described graphically as an
eggshell in an inverted egg-cup by
Stammberger (1999) (Fig. 1). Lessa et al.
(2007) found UP attachment into the lamina
papyracea in 76% of cases, while Gaffar et al.
(2001) reported that upper end of the UP had a
superior attachment in 83% and a lateral
attachment in about 17% of cadavers. In yet

Table 1. Comparative analysis of studies on frontal sinus outflow pathway anatomy.

o Do P UM i Fdboe il
Anterior  Posterior  Superior Lateral  Diameter ~ Angle  Distance Angle  Distance Angle
to UP to UP
Lessa et al. Black-16% 76.3%
Brown-34%
White-50%
Kim et al. Korean 59% 40%
Jacobs et al. NA 10.4
Lee et al. Whites-75.6%  29.3%  68.3% *36.5 *58°
Black-24.4% #41.0 #65°
Kasper NA 57% 38%
Gaffar et al.  Egyptian 233%  63.3% 83.3% 16.7% 5.6 22° 50.6 69 ° 57.2 55°
Yang et al. Chinese 16% 8.5 60.8 70°
Present study Indian 59.4%  40.6% 37.5% 59.4% 4.6 26° 46.5 70° 48.7 57°

UP — Uncinate process NA — Not available

The distances and diameters are in millimeter
*Specimens with frontal sinus drainage anterior to UP
# Specimens with frontal sinus drainage posterior to UP
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another study by Yang, in 16% of cases the UP
extended superiorly while in 41% of cases it
was found to be attached laterally, forming a
cul-de-sac (Table 1). Lessa et al. (2007) describe
the terminal recess as a major anatomical struc-
ture that makes recognition of the frontal
ostium difficult. The frequency of the terminal
recess in the population makes its identification
fundamental for correct dissection and access to
the frontal ostium (Kasper, 1936). The term
agger nasi is Latin for nasal mound. When
viewed in anterior rhinoscopy, the eminence
located on the lateral nasal wall across from the
leading edge of the middle turbinate represents
this nasal mound (Stammberger, 1991).
According to Wormald (2003), the agger nasi
cell forms the key to understanding the anato-
my of the frontal recess, since the agger nasi can
be readily identified on CT scans and in
patients during surgery. The course, width, and
depth of the frontonasal pathway in adults are
determined by the embryologic pneumatiza-
tion pattern of the anterior ethmoid cells and
the development of the surrounding bony
plates. Generally, direct frontal sinus develop-
ment from the embryologic frontal recess is
associated with minimal anterior ethmoid cell
pneumatization, and a wider communication
with the middle meatus. Conversely, frontal
sinus development from one of the several
embryologic frontal furrows results in a nar-
rower communication due to the presence of
surrounding anterior ethmoidal cells (Schaffer,
1916). Pneumatization of the agger nasi aug-
ments its medial bulging, thus making it more
difficult to approach the frontal ostium endo-

scopically. The agger nasi cells can also be
pneumatized posteriorly and laterally to narrow
the frontal recess and impinge on frontal sinus
drainage. Successful endoscopic frontoeth-
moidectomy for anatomic impingement is gen-
erally accomplished by resection of the thin
posterior and superior walls of the agger nasi
cell along with the face of the ethmoidal bulla
(Jacobs et al., 2000; McLaughlin, 2001). Many
of the studies report some degree of agger nasi
pneumatization in almost 100% of ethmoid
sinuses (Bolger et al., 1991; Jacobs et al., 2000;
Lessa et al., 2007). Gaffar et al. (2001) found
agger nasi pneumatization in 77% of cases. In
the present study 90% of specimens demon-
strated pneumatization in the region of the
agger nasi.

Knowledge of the probable location of
anterior ethmoidal artery is necessary to avoid
injury to this vessel during endoscopic frontal
sinus surgery. During ethmoid surgery the
anterior ethmoid artery may be observed in
the roof of the ethmoid 2 to 4 mm from the
posterior extent of the frontal recess (Lee et al.,
1997). The artery continues medially to pene-
trate the lateral lamella of the cribriform plate
and then travels anteriorly in the ethmoidal
sulcus, where it gives off a meningeal branch
to the dura mater and occasionally to the falx
cerebri before passing into the nasal cavity
(Som and Curtin, 1996). The weakest point of
the entire skull base is the point at which the
anterior ethmoidal artery leaves the ethmoid
and proceeds anteriorly in the ethmoidal sul-
cus of the olfactory fossa (Gupta et al., 2012).
Stammberger (1991) found that in 29 of 40

Fig. 4. Scatter diagram depicting the distance between the posterior rim of the frontal ostium and
the anterior ethmoidal artery on the Y axis. Number of specimens is on the X axis. In about 75%
of specimens this distance was 4mm or less. All the values are in mm.
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skulls the anterior ethmoidal artery was sur-
rounded by dura along its entire ethmoidal
extent, whereas in 8 of the 40 skulls it entered
the dura only during its passage through the
ethmoidal sulcus. In only 3 of 40 cases did the
artery remain extradural along its entire
course. Therefore, injury to the anterior eth-
moid artery poses two evident risks, namely,
CSF leakage and hemorrhage, resulting in
poor surgical visualization. Moreover, if
injured close to the orbit, the vessel can retract
intraorbitally and lead to intraorbital
hematoma and blindness (McLaughlin, 2001).
In the present study, the mean distance of the
anterior ethmoidal artery from the frontal
beak was 9.0 + 1.2 mm, with a range between
3.3 mm and 19.2 mm. The distance between
the posterior rim of the frontal ostium and the
anterior ethmoidal artery ranged from 0.19
mm to 9.6 mm. In about 75% of specimens
this distance was 4mm or less (Fig. 4), indicat-
ing the proximity of the artery to the ostium.
Lee et al. (1997), reported similar results with
distance of the ethmoidal artery from the
frontal beak ranging from 5-20 mm (15.2 =
3.6 mm) and the distance from the posterior
rim of the frontal ostium to the artery as 10.5
+ 3.2 with a range of 1-15 mm.

The variations in the patterns and mor-
phometry of the frontal sinus outflow tract in
different studies may be related to the ethnic
diversity of the population group (Table 1).
The present study used cadavers from a North-
West Indian population. In some reports, there
is no mention about the ethnic identity of the
study group while other authors have addressed
Caucasian, Black, Korean, Chinese or Egyptian
population. Lang (1989) notes that different
ethnicities have a different proportion of aplas-
tic frontal sinuses and drainage patterns. It is
thus important to have a good knowledge of
the anatomical details of the population in dif-
ferent regional and ethnic groups for accurate
surgical planning. The present study docu-
ments the patterns of frontal sinus drainage and
related morphometric measurements for the
localization of the drainage sites in a North-
West Indian population. These data should
help endoscopic surgeons to achieve good clin-
ical results, and to avoid complications.
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