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Abstract

The lateral wall of the nose and the paranasal sinuses has intricate relationship with
several adjacent structures such that anatomical variations are a very common entity.
This urges the operating surgeon to tailor make the proposed endoscopic sinus surgery
to every patient, in order to avoid inadvertent injuries and sequelae formation. The key
areas being the anterior ethmoid which is the most susceptible for infection of the
anterior group of sinuses and the sphenoethmoid recess for the posterior group of
sinuses. Identification of these anatomical variations is the key for optimal disease
clearance thus preventing morbidity associated with recurrence.
Keywords: Paranasal sinuses; Anatomical variations; Functional endoscopic sinus
surgery.

Introduction

Few organs of the human body are liable to such remarkable interpersonal and
intrapersonal variations as the paranasal sinuses. These pneumatic cavities are
intertwined with neighboring structures in an intricate anatomical relationship which
oftentimes leads to compromised ventilation and mucociliary clearance of the sinuses
due to localized diseased mucosa or anatomic variations. The anterior ethmoid,
especially the infundibulum, is in a key location for infection, the disease in the frontal
and maxillary sinuses is in fact, secondary to pathophysiologic changes in the
infundibulum [1]. Similarly, mucociliary impairment in the sphenoethmoid recess, the
drainage area of the posterior ethmoids and sphenoid is implicated in the etiology of
persisting infection in the sinuses [2]. This study is designed to assess the role of various
anatomical structures and their variations in causation of chronic rhinosinusitis on the
basis of CT scan and intraoperative findings.

Methods

The present study is a one-year cross-sectional study done in KLE’S Dr. Prabhakar
Kore Hospital and Research Centre, Belagavi, India. A total of 30 patients of chronic
rhinosinusitis not responding to maximal medical therapy were included in the study. All
the patients underwent diagnostic nasal endoscopy and computed tomography of nose
and paranasal sinuses preoperatively. Further, functional endoscopic sinus surgery
following the Messerklinger’s technique was done on all the patients. It is to be noted
that not all the steps were followed in each case as the extent of the surgery was tailored
depending upon the preoperative evaluation and the extent of the disease. Out of 30
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patients, 20 needed bilateral surgery. Hence, a total of 50
procedures were performed. The extent of resection of the
sphenoethmoid depended upon the pre and interoperative
findings. Septal correction was done along with the
endoscopic sinus surgery wherever indicated (7 cases).
Anterior ethmoidectomy along with frontal recess clearance
and middle meatal antrostomy was done in all 50 procedures
while posterior ethmoidectomy was done in 47 and
sphenoidotomy in 27 procedures. The parameters studied are
osteomeatal complex with variations like agger nasi cells,
Haller cells, variations of uncinate process, concha bullosa
and accessory maxillary sinus ostium. Systematic examination
of paranasal sinuses, frontal recess and sphenoethmoid recess
was done and the mucosal changes and disease status was
noted. For the correlation of the anatomical or pathological
variations with the extent of disease in the sinuses, the
statistical significance of each was calculated with the chisquare test using McNemar’s formula (with Yate’s correction
wherever necessary). P value less than 0.05 meant that there
was significant correlation between the parameters.

Results

The age of the patients varied from 21 to 53 years (mean
32.6 years) with majority being males in a male to female ratio
of 1.7:1. Anterior ethmoidal sinus was the most frequently
involved sinus with abnormal mucosa i.e. 42 out of the 60
sinuses. Followed by maxillary sinuses which had abnormal
mucosa in 39 sinuses, then frontal recess i.e. 25 and lastly 14
sphenoid sinuses had abnormal mucosa (Figure 1). The agger
nasi cells were present in 22 cases (73.33%) where 20 were
bilateral and 2 were unilateral agger nasi cells. An abnormally
bent uncinate process, which included both the medialized
and lateralized uncinate was present in 17 cases (56.66%) out
of them 15 were bilateral and 2 were unilateral. Concha bullosa
was present in 9 cases (30%) with 4 bilateral and 5 unilateral
presentations. Figure 2 depicts the prevalence of various
anatomical abnormalities noticed in the present study.

Figure 2. Prevalence of anatomical abnormalities in present study.

Presence of deviated nasal septum was not significantly
correlated with the disease in any of the sinuses – anterior
ethmoids (p<0.09), maxillary sinus (p>0.9), frontal recess
(p>0.9), posterior ethmoids (p>0.08) and sphenoid (p>0.9).
In our study an abnormal uncinate correlated significantly
with the disease in the anterior ethmoid and maxillary sinus
(p<0.05), but not with the disease in the frontal recess
(p>0.05).
The presence of agger nasi cells was significantly
associated with the disease in all the anterior group of sinuses
– anterior ethmoids (p<0.001), maxillary sinus (p<0.005) and
frontal recess (p<0.001).

Concha bullosa was significantly associated with the
disease in anterior ethmoid (p<0.001) and maxillary sinus
(p<0.001) but not with frontal recess (p>0.05).

Paradoxical middle turbinate was significantly associated
with the disease in the anterior group of sinuses – anterior
ethmoids (p<0.001), maxillary sinus (p<0.001) and frontal
recess (p<0.005).
An abnormal infundibulum which included the partially
occluded or totally occluded infundibulum, was significantly
associated with the disease in anterior ethmoid (p<0.005) and
maxillary sinus (p<0.01) but not with the frontal recess
(p>0.05).
An abnormal middle meatus, which included both the
blocked and narrowed middle meatus, was significantly
associated with the disease in the anterior ethmoid (p<0.01)
and maxillary sinus (p<0.05) but not with the frontal recess
(p>0.5).
The disease in the anterior ethmoids or the infundibulum
was significantly associated with the disease in frontal or
maxillary sinuses (p<0.005) (Table 1).

Figure 1. Mucosal Abnormalities in Various Sinuses at Operation.
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Sphenoethmoid recess was significantly correlated with
the disease in both the posterior ethmoids (p<0.01) and
sphenoid (p<0.01) (Table 2).
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Table 1. Relationship between anterior ethmoid or infundibular
disease with maxillary or frontal sinus disease.
Anterior ethmoid or
infundibular disease

Frontal or Maxillary disease
Present

Absent

Total

Present

37 (88.09%)

5 (11.90%)

42 (70%)

Absent

5 (27.77%)

13 (72.22%)

18 (30%)

Total

42 (70%)

18 (30%)

60 (100%)

Chi-square

10.58

P-value

P<0.005

Table 2. Correlation of sphenoethmoid recess with posterior group
of sinuses.
Sphenoethmoid
Recess

Posterior ethmoids

Sphenoid

Diseased

Normal

Diseased

Normal

Abnormal

16
(94.11%)

1
(5.88%)

13 (76.47%)

4 (23.52%)

Normal

5
(11.62%)

38
(88.37%)

1 (2.32%)

42 (97.67%)

Chi-square

8.16

14.25

p-value

P<0.01

P<0.001

Discussion

In today’s practice of chronic rhinosinusitis, it is mandatory
that all the patients undergo diagnostic nasal endoscopy and
CT scan of nose and paranasal sinuses preoperatively to
evaluate the type of pathology, the extent of disease, and
presence of anatomical abnormalities with special attention
to the osteomeatal complex.

In the present study out of 30 patients, 20 underwent
bilateral functional endoscopic sinus surgery, hence a total of
50 procedures were carried out. Abnormal mucosa was most
frequently present in the anterior ethmoid (70%) and maxillary
sinuses (65%) (Figure 1). Similar observations were made in a
study done by Bolger et al. [3], where mucosal abnormalities
were most frequently noted in the anterior ethmoids (78.2%),
followed by maxillary (68.8%), frontal (30.5%), posterior

ethmoid (32.2%) and sphenoid (22.3%). These data coincide
with those reported in the study by Kennedy et al. [4], who
also noted the anterior ethmoid to be the most frequently
involved area of the paranasal sinus.
Anatomical variations of normal paranasal sinus structures
may predispose patient to recurrent rhinosinusitis and in
selected cases to headaches. Stammberger and Wolf [5] cited
variations in the agger nasi cell, middle turbinate, uncinate
process as well as the presence of Haller cells or a deviated
nasal septum as a possible cause for rhinosinusitis and
headache. In the present study one or more anatomic
variations were observed in 76.66% of the cases as compared
to 64.9% reported by Bolger et al. [3], 62% by Zinreich [6], and
79% by S.P.S. Yadav [7] (Table 3, [8-17]).

The commonest variant in the study was agger nasi cell
(73.33%) which was similar to the findings of Bolger et al. [3]
and Jones NS [8] in whom agger nasi cells were present in
98.5% and 95% cases respectively. However the study done
by Aramani et al. [15] reported the commonest anatomical
variation to be deviated nasal septum (74.10%), concha
bullosa (53.70%) as opposed to agger nasi which was seen in
only 1.90% cases.
The prevalence of deviated nasal septum in our study was
26.66% as compared to the prevalence reported by Calhom
et al. [9] i.e. about 40% and 96.9% by Takanishi et al. [10]. In
our study 56.6% cases showed the presence of an abnormal
uncinate. The variations of the uncinate process are medially
turned uncinate, laterally turned uncinate, anteriorly bent
uncinate, uncinate bulla and fracture of uncinate.
The relationship between anterior ethmoid disease and
chronic rhinosinusitis has been recognized for many years
[11,12]. The frontal and the maxillary sinuses drain into the
middle meatus. Their openings in the middle meatus, are
surrounded by the frontal recess and ethmoid infundibulum
respectively both of which form a part of the anterior ethmoid
complex. Thus, in effect these sinuses drain into the middle
meatus via the anterior ethmoids. This anatomical feature
explains why disease in anterior ethmoids leads to persistent
infection of the dependent sinuses.

Table 3. Anatomical abnormalities: comparison of various studies.
Anatomical abnormalities

Present study

Jones NS et.
al. [8]

Agger nasi cells

73.33%

95.00%

Haller cells

6.66%

6.00%

Abnormal uncinate

56.66%

6.00%

Paradoxical midle
turbinate

23.33%

7.00%

12.00%

26.10%

Concha bullosa

30.00%

18.00%

28.00%

55.00%

Onodi cells

3.33%

7.00%

Accessory maxillary
ostium

16.66%

Deviated nasal septum

26.66%

Superior turbinate
pneumatization

3.33%

Crista Galli
pneumatization

6.66%
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24.00%

SPS Yadav et
al. [7]

Bolger et al.
[3]

Talaiepour AR et
al. [13]

48.00%

98.50%

56.70%

40.00%

1.90%

50.00%

28.00%

45.10%

3.50%

16.00%

1.90%

17.50%

6.00%

14.80%

65.00%

10.00%

14.80%

35.00%

16.00%

53.70%

15.00%

7.00%

6.00%

63.00%

44.00%

74.10%

65.00%

38.00%

40.00%
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Our data supports this relationship, in that 88.09% of
patients with mucosal abnormalities located in the anterior
ethmoids or infundibulum were found to have disease in the
ipsilateral frontal and maxillary sinuses. Conversely, the
absence of disease in these regions correlated highly with
normal frontal and maxillary sinuses (p<0.005) (Table 1).

A narrow or blocked sphenoethmoid recess can block the
drainage of the posterior ethmoid and sphenoid sinuses. As
shown in table 2, in present study the correlation of an
abnormal sphenoethmoid recess was statistically significant
for both posterior ethmoid (p<0.001) and sphenoid sinuses
(p<0.01). Total of 94.11% of posterior ethmoids and 76.47%
of sphenoid sinus were diseased in the presence of an
abnormal sphenoethmoid recess (Table 2).

Conclusion

The osteomeatal complex shows a diverse anatomic
variation with the presence of agger nasi cells, Haller cells,
abnormalities of uncinate, concha bullosa etc. which leads to
disease in anterior ethmoids and infundibulum. Identification
of these anatomical variations and addressing them during
surgery is key to attain optimal disease clearance. The
association of anterior ethmoid disease as a conduit to
ipsilateral frontal and maxillary sinus disease and the role of
sphenoethmoid recess in causing disease of posterior group
of sinuses have been positively established with this study
and the need to achieve adequate clearance of disease from
these key areas is emphasized.
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