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I N T R O D U C T I O N  
Chronic recurrent sinusitis is a relatively common disease 
in E N T  p rac t i ce .  The  d e v e l o p m e n t  o f  Func t i ona l  

Endoscopic Sinus Surgery as a means of managing such 
patients has heralded the extensive use of Coronal plane 
Computed tomography of  paranasal sinuses. The advent 
of  computerized tomography in the delineation of  sinonasal 

pathology and anatomical variations has proven invaluable 
to the o to l a ryngo log i s t  in preopera t ive  planning for  
Functional Endoscopic Sinus Surgery (EE.S.S). Kennedy 
et al (1985)  d e s c r i b e d  the concep t  o f  o s t i omea ta l  
obstruction as fundamental to EE.S.S. and indicated that 
the obstruction may be due to osteomeateal inflammation 
or anatomical variations. 

Coronal C.T. Scan of  Paranasal Sinuses mainly focusses 
attention to the osteomeatal unit and now has emerged as 
the standard in presurgical evaluation of  patients under 
consideration for possible EE.S.S. (Zinriech, 1990). C.T. 
Scan Coronal Section can provide specific diagnosis and 
display underlying causes of  sinusitis. It can clarify the 
anatomical relations and variations that may play a role in 
sinusitis and also provide road map for F.E.S.S. 

In this study, the incidence of anatomical variations in the 
o s t e o m e a t a l  c o m p l e x  and d is t r ibu t ion  o f  mucosa l  

abnormalities in each paranasal sinus was investigated by 
Coronal plane C.T. Scanning. 

M A T E R I A L S  AND M E T H O D S  
Sixty one patients from the Out Patient Department of  
Otorhinolaryngology, M.G.M. Medical College and M.Y. 
Group of  Hospitals, Indore, between May 1996 - Dec. 
1997, with clinical evidence of  chronic sinusitis were 
included in this study. These patient after detailed clinical 
evaluation and routine investigations were submitted for 
C.T. Scan paranasa l  sinus,  co rona l  sec t ion  pr io r  to 
Functional Endoscopic Sinus Surgery. 

As per the protocol,  patients in the 12 to 60 year age 
group were included irrespective of  sex. Patients who 
were clinically and/or radiologically diagnosed as having 
chronic sinusitis were included in this study. The chronic 
s inusi t is  were  d e f i n e d  in this popu la t ion  as nasal  
congestion, nasal obstruction, nasal discharge, headache, 
post-nasal drip, proptosis, hyposmia and midfacial pains. 
These patients were refractory to medical therapy of  more 
than 6 months duration. 

All C.T. scans were obtained with C.T. Max 640 (VIPRO- 
G) Scanner using cont iguous 5mm sections, obta ined 
every 5mm from the frontal sinus to the sphenoid sinus, 
in the head extended supine position. Examinations were 
evaluated using both bone and soft tissue windows. 

Patient's preparation before C.T. scan examination was 
aimed at maximum removal of  "reversible" disease. Each 
patient was routinely imaged at the end of his or her broad 
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Fig. I : Concha Bullosa -Vertical Lamellar Cell Pneumatisation (Left) Fig. IV : C.T. Scan P. N. S. C o r o n a l  s e c t i o n  s h o w i n g  Bi la te ra l  
seen in C. T. Scan of  P. N. S. Coronal section. Paradoxically curved middle turbinates with Pansinusitis. 

Fig. I1 : C.T.  Scan P. N. S. Coronal section showing Right sided D .N .  Fig. V : Onodi Cell (Left) seen in Axial section, C. T. Scan of P. N. S. 
S. and sharp spur. 

Fig. I I I :  The Coronal C. T. Scan E N. S. showing large Heller 's  Cell Fig. VI : True Concha Bullosa ( R i g h t )  seen in C.T. Scan of E N. S. 
with minimal  mucosal  thickening of  left m Maxillary Sinus. Coronal section. 

spec t rum an t ib io t ic  cou r se s  and an t ih i s t amine -  
decongestant therapy. C.T. Scans were carefully analysed 
for mucosal abnormalities of  each paranasal sinus and 
anatomical variations, which included Concha Bullosa, 
Heller 's cells, nasal septum deviation, uncinate process 
variations, paradoxically curved middle turbinate, onodi 
cells and few unusual variations like septate maxillary 
sinus, naked optic nerves, carotid artery bulging and low- 
lying fovea ethmoidalis etc. The reporting proforma was 
subcategorized into sections spanning the vast majority 
of  structural and pathologic  abnormali t ies within the 
sinonsal region. 

OBSERVATIONS 
All the patients had Coronal C.T. scan of the paranasal 

sinuses, 5mm coronal sections done. C. T. scans were 
carefully analysed for anatomical variations and mucosal 
abnormalities and findings were noted as per the anatomical 
areas. 
Anatomical Variations 
Out of  the 61 patients with chronic sinusitis like symptoms, 
the most common anatomical variation associated were 
Agger Nasi Cells (88.5%), Concha Bullosa (Fig. I) (42.6%) 
and Deviat ion of  the Sep tum (Fig. II) (55.7%). The 
incidence of  Right sided deviat ion(55.9%) were more. 
H a l l e r ' s  cel ls  (Fig. III)  we re  no t ed  in 36.1% and 
Paradoxical curvature of  middle turbinate (Fig. IV) in 
11.5% cases. Onodi Cells (Fig. V) were seen in 9.8% 
patients and Uncinate process variations also in 9.8% 
patients. None of the C.T. scans showed uncinate bulla. 
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Fig. VII : Septate Maxillary Sinus (Left) seen in C. T. Scan E N. S. 
Coronal Section. 

5 patients had medially bent and 1 patient had laterally 
bent  uncinate  process.  Pneumat iza t ion of  the middle 
turbinate were detected in 26(42.6%) patients. The vertical 
lamella of the middle turbinate (Fig.I) were pneumatized 
in 42.3% of these cases thereby forming a "lamellar cell". 
In 27% of these patients, pneumatization were noted in 
the inferior  bulbous port ion of  the middle turbinate. 
Extensive pneumatization of  the entire middle turbinate, 
or a true concha bullosa (Fig.VI) were noted in 8 patients 
(30.7%). The Agger nasi cells were present in 54(88.5%) 
o f  pat ients .  O the r  anoma l i e s  and var ia t ions  were  
encountered in 11 (18%) patients, which includes Septate 
maxillary sinus (Fig.VII) (6.6%) cases, Clinoid process 
pnuematisation detected in 2 (3.3%) of patients, Dehiscent 

Table I : C.T. Detection of  Anatomic  Variations 

Fig. VIII : C.T. Scan P. N. S. Coronal section showing completely 
opacified Right Maxillary sinus (Patient Underwent F.E.S.S. 
and retention cyst was excised endoscopically) 

lamina papy racea  in 4(6 .6%) cases and Crista  galli  
pneumatisation in 1 (1.6%) case. (Table - I). 

Mucosal abnormalities 
Mucosal abnormalities detected on Coronal C.T. Scan of 
Paranasal sinuses ranged from minimal mucosal thickening 
to total sinus opacification (Fig.VIII). C. T. Scans were 
evaluated on a 0-4 scale according to severity of disease. 
C. T. score  0=No mucosa l  t h i cken ing ;  C.T. score  
l = D i s e a s e d  but  <50% opac i f i ed ;  C.T. score  2 = 
Diseased>50%, but not completely opacified; C.T.score 
3 = c o m p l e t e l y  opac i f i ed  and C.T. score  4 = B o n e  
destruction. 

Anatomical Variation No. of  Pts. Percentage Remarks 

42.6% 5 Bilateral, 21 Unilateral 1. Concha Bullosa 
A. Pneumatisation of vertical Lamella 

B. 
( Lamellar Cells) 
Pneumatisation of  inferior bulbous 
portion of middle turbinate. 
True Concha Bullosa 

26 

11 (42.3%) 

07 (27%) 
08 (30.7%) C. 

2. D . N . S .  34 55.7% R t -  19 (55.9%) 
L t -  15 (4401%) 

3. Agger Nasi Cells 54 88.5% AllBilateral 

4. Hallcr's Cells 22 30.1% 3 Bilateral, 19 Unilateral 

5. Onodi Cells 6 9.8 % 1 Bilateral, 5 Unilateral 

6. Paradoxical Middle Turbinate 7 11.5% 2 Bilateral, 5 Unilateral 

7. Unicinate Process Variation 6 9.8% 5 Medially bent, 1-Laterally bent 

8. Others 
A. Septate Maxillary Sinus. 
E. Dehiscent Lamina Papyracea 
C. Clinoid Process Pneumatisation 
D. Crista Galli Pneumatisation 

Total No. of Patients = 61 

11 
4 
4 

! 2 
I 1 

18% 
6.6% 
6.6% 
3.3% 
1.6% 
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T a b l e  II  : C .T .  S c a n  D e t e c t i o n  o f  M u c o s a l  
A b n o r m a l i t i e s .  

Site of  Involvement No. of  Per- 
Sinuses centage 
diseased 

1. Anterior ethmoids 90 73.7% 

2. Maxillary Antra 86 70.4% 

3. Infundibulum 85 

4. Posterior ethmoids 64 52.4% 

5. Frontal 59 

6. Sphenoids 51 

Total no. of  patients = 61, 122 sides 

Remarks 

1 Bone 
destruction 

1 (25.4%) 
Complete 

Sinus Opa- 
cification 

70% 

48.3% 

41.8% 

According to mucosal abnormalities detected, the most 
frequently involved sinus area were the anterior ethmoid 
region 73.7% and in 70% patients infundibulum was 
diseased, more on right side. Maxillary sinus was involved 
in 70.4% of patients. In this group, complete opacification 
of maxillary sinus was observed in 31 sites (25.4%). In 
64 sites (52.4%),  Pos ter ior  e thmoids  were  diseased.  
Mucosal  abnormal i ty  detected in 59 sites (48.3%) of 
Frontal and 51sites (41.8%) of  Sphenoid sinuses. Bone 
destruction in ethmoid sinuses was observed only in one 
patient on right side (Table- II). 

The presence of mucosal abnormality within the Anterior 
ethmoid region or Ethmoid infundibulum was associated 
with a corresponding abnormality in the ipsilateral maxillary 
or frontal sinus in 80% of patients on the right and 82% 
of  patients on the left. 

D I S C U S S I O N  
Anatomica l  Variations - Messerk l inger  in year  1967, 
discussed in his published work that the infundibulum and 
the middle  meatus  are the channels  most  f requent ly  
affected by anatomical variations which narrow them and 
j u x t a p o s e  the i r  mucosa l  sur faces  and fac i l i t a te  the 
infection. Certain normal variants increase operative risk 
and the surgeon should be fore-warned about these. In 
this study the incidence ofAgger  Nasi cells, Haller 's Cells, 
Middle turbinate pneumatization, Paradoxically bent middle 
turbinate and septum variations etc were investigated. 

Stammberger  (1988) suggested that these anatomical  
variations may impede the drainage and ventilation of  the 
large sinuses or cause complete blockage of the sinus. 

1. Agger Nasi Cells - Agger 'Nasi  cells were the most 
frequent  anatomical  var ia t ion in our  study and were 
observed in 88.5% of  patients suffering from chronic 
recurrent sinusitis. Lloyd (1990) suggested that agger nasi 
cells narrow the frontal recess and obstruct the lower 
end of frontonasal duct. In our series there were 25 cases 
in which the agger nasi cells were clearly obstructing the 
frontal sinus drainage. With regard to the incidence of  
agger nasi cells in patients with chronic sinusitis on Coronal 
C. T.. scan findings, Bolger et al (1991) reported it to be 
98.5% and Zinreich (1988) noted the presence of  Agger 
Nasi cells in nearly all the patients evaluated. In anatomic 
dissections, Messerklinger(1978) encountered the Agger 
Nasi cells in 10-15% of the specimens, Davis in year 1914 
in 65% of  specimens and Mosher  (1929) in 40% of  
specimens (As quoted by Bolger  et al. in 1991). The 
definition used by Zinreich et al (1988) that the Agger 
Nasi cell is the air chamber below the frontal sinus which 
extends to the f ronta l  recess superiorly,  reaches  the 
lacrimal fossa inferolateraly and is anterolateraly arched 
by the nasal bones. All our C.T. scans of  paranasal sinuses 
fitting this def ini t ion were included in our statistical 
analysis. 

2. Haller's Cells - Haller's cells are ethmoid air cells that 
project beyond the limits of the ethmoid capsule into the 
maxillary sinus. Lloyd (1990) considered them as ethmoid 
cells that grow into the floor of the orbit and may narrow 
the adjacent ost ium of  the maxil lary sinus and this is 
especially likely to occur if the cells become infected. In 
our study, the incidence of Haller's cells were 36%. The 
incidence of Haller 's  cells on coronal C.T. Scanning in 
patients with chronic sinusitis in series of  Bolger  et al 
(1991) were 45.9%, Lloyd et al (1990) 15% & Zinriech 
(1988) was 10%. In our study, Haller's cells were found 
in 36% cases (22 cases, 3 bilateral, 19 unilateral ). Table I. 

3. Pneumatised Middle Turbinate  (Concha Bullosa)  - 
Extensive pneumatisation of  the middle turbinate, also 
referred to as Concha Bullosa, has been implicated as a 
possible etiologic factor in recurrent sinusitis, due to its 
postulated negative influence on paranasal sinus ventilation 
and mucociliary clearnace in the middle meatus region. 
Zuckerkandel (Quothed by Tonai A. et al, 1996) noted 
middle turbinate pneumatisation and described it as Concha 
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Bullosa. Coronal  C. T. Scan, enables further detailed 
observation and a very small pneumatisation of middle 
turbinate can also be visualised. The incidence of Concha 
Bullosa in patients with chronic sinusitis as detected by 
Calhoun et al (1991) 29%, Lloyed  et al (1990)24%, 
Zinriech(1988) 34% and Bolger et al (1991) to be 53.6%. 
Discrepancy in the reported prevalence of  middle turbinate 
pneumatisation may be due to factors such as inherent 
differences in sudy population, differences in criteria of  
pneumatisation and sensitivity of the method of  analysis. 
In many anatomic dissection by different workers, the 
incidence of  concha bullosa were reported to be between 
9-20%. 

Zinriech et al (1988) encountered Concha Bullosa in 34% 
of patients suffering from symptomatic sinus disease and 
he employed a definition of concha bullosa as any degree 
of middle turbinate pneumatisation noted on C.T. Scan. 

In our study, the incidence of  Concha Bullosa were 42.6% 
(Table - I). As per the interpretation proposed by Bolger 
et al (1991 ) we divided the middle turbinate pneumatisation 
into three patterns. First pattern-air cells were localised in 
the verticac lamella of  the turbinate(42%). Second pattern- 
air cells were localised in the bulbous segment of  the 
turbinate (31%) and the third pattern-true Concha Bullosa 
were present in (27%) cases. 

4. Paradoxically Curved Middle Turbinate - The middle 
turbinate may be bent in the reverse direction and this 
may lead to impingement of  the middle meatus and thus 
to 'sinusitis. The  incidence in our study was 11.5% (2 
cases bilateral). The incidences on coronal C.T. findings 
as detected by Bolger  et al (1991) 27.1%, Lloyd et al 
(1990) 15%, Calhoun et al (1991) 12% and Elahi et al 
(1996) was 8%. The incidence of accompanying sinusitis 
was high in patients with a large paradoxically c u r v e d  
middle turbinate as such patients are likely to develop 
osteomeatal obstruction. However a small paradoxically 
curved midd le  turbinate  may not become  a cl inical  
problem. 

5. Uncina te  Process  Variations - Uncinate  process  
pneumatisation, also referred to as uncinate bulla or Bent 
Uncinate Process can impair sinus ventilation especially 
in the anterior ethmoid, frontal recess and infudibulum 
regions. None  of  the C.T. Scans in our study revealed 
uncinate bulla. Zinreich first observed it in 1988 on coronal 
C.T. Scan in one  of  230 patients with chronic  sinus 

complaints. Bolger et al (1991) observed it in 2.5% of  
patients. In our series we observed bent uncinate process 
in 9.8% patients (5 cases medially bent, 1 laterally bent). 

6. Nasal Septum Variations - Deviation of  nasal septum is 
the other common variant seen in patients with chronic 
sinusitis. A deviated nasal septum or a bony spur causes 
a decrease in the critical area of  the osteomeatal  unit 
predisposing to obstruction and related complications. In 
our series, D. N. S. was noted in 55.7% patients with a 
predominance to right (55.9%). 

7. Onodi Cells - Onodi cells are posterior ethmoid cells 
that extend posteriorly far laterally and sometimes superior 
to the sphenoid sinus, lying medial to the optic nerve. 
They are best seen on axial sections (Fig.V) and the surgeon 
should be fore-warned as the optic nerve may be at risk 
during posterior e thmoidectomy in these cases. In our  
series we found Onodi cells in 6 cases (9.8%). 

M i s c e l l a n e o u s  B o n y  A n o m a l i e s  - In ou r  s tudy,  
miscellaneous bony anomalies such as septate maxillary 
sinus, pneumatisation of  anterior clinoid process and crista 
galli implicated in the etiology of  sinusitis were also 
observed (Table -I). maxillary sinus septae were observed 
in 7% of cases (Fig. VII ). Lamina Papyracea was found 
dehiscent  in 4 cases (6.6%).  We also found that the 
p r eo p e ra t i v e  C.T. Scan  eva lua t ion  was he lp fu l  fo r  
structural findings that may predispose the patient to a 
C.S .F .  leak such as low lying fovea ethmoidalis. The 
cribriform plate, fovea ethmoidalis, roof of the posterior 
ethmoids and superior and lateral walls of the sphenoid 
sinus should be inspec ted  carefu l ly  for  any ex t reme  
thinning or dehiscence and this will save bith the surgeon 
and the patient from many complications. 

Mucosal Abnormalities - In our study any imaging of  the 
paranasal sinus mucosa  was considered abnormal ,  as 
r ecommended  by Som (1985).  Accordingly,  mucosa l  
abnormalities ranged from minimal mucosal thickening to 
total sinus opac i f ica t ion  (Fig. III and VIII) Mucosa l  
abnormalities were most frequently noted in the Anterior 
ethmoid region 73.7%, foJlowed by Maxil lary 70.4%, 
Posterior ethmoids 52.4%, Frontal 48.3% and Sphenoid 
sinuses 41.8%. These findings are consistent with the 
statement by Stammberger (1986) that the "Condition of  
the frontal and maxillary sinuses is highly dependant on 
the cond i t i on  o f  the i r  p r e c h a m b e r s  in the an t e r i o r  
e thmoids" .  A cco rd in g  to Zinr iech  (1990) et al, the 
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incidence of mucosal abnormalities in the anterior ethmoid, 
maxillary, posterior ethmoids, frontal and sphenoid sinuses 
were 72%, 65%, 40%, 34% and 29% respectively and 
Bolger et al (1991) reported 84.3%, 77.7%, 38.6%, 36.6% 
and 25.4% respectively. In our study, in 73.7% cases, 
the anterior ethmoids were considered to be key location 
for sinusitis to recur and become chronic. 

C O N C L U S I O N  
From this study we concluded that Chronic sinusitis is a 
common disease condition affecting all age groups and 
the combination of X-ray PNS (Water's View)followed 
by coronal plane C.T. Scan study and Fibreoptic nasal 
endoscopic examination and sinus surgery has proved to 
be excellent for the precise evaluation of the nasal cavity, 
the osteomeatal unit and management of the disease 
process.  The Coronal  C.T. Scan PNS acts as a 
preoperative road map to accurately define the relevant 
microanatomy of osteomeatal complex and other hidden 
areas. 

We are in total agreement with other workers in this field 
that the anatomical variations that predispose to sinusitis 
include Concha Bullosa, Nasal Septal deviation, Haller's 
cells, Paradoxical curvature of the middle turbinate, Medial 
or Lateral deviation of Uncinate Process, variations in 
Agger Nasi cells and Onodi cells etc. We emphasize that 
C.T. Scans should be crit ically evaluated for these 
variations, causing obstruction and hampering mucociliary 
drainage thus leading to chronic sinusitis. We also conclude 
that the Osteomeatal complex disease is most common 
and prevelant pattern of presentation and also re-emphasize 
the concept "Osteomeatal complex and ethmoid disease 
is the key factor in the causation of chronic recurrent 
sinusitis." 

The Coronal C.T. Scan study shows extent of mucosal 
disease deep in the osteomeatal complex and it often 
showed anterior ethmoid and infundibular disease 
consistent with a rhinogenic origin of paranasal sinus 
infections. It optionally displays, regional anatomy and 
therefore it is mandatory to have this study before the 
patient is to undergo a surgical procedure for the treatment 
of chronic sinusitis. 
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