
B-ENT, 2019, 15, 319-324

Introduction

Functional endoscopic sinus surgery (FESS) has 
a 67-98% success rate in patients diagnosed with 
resistant chronic rhinosinusitis.1 Despite impro-
vements in surgical techniques and facilities, 
revision surgery is still required for 10-15% of 
these patients.2,3 Due to the complex and variable 
anatomy of the frontal sinuses, this surgery 
requires extra care and is more prone to surgical 
failure.4 Pathologies associated with the frontal 
sinus drainage pathway, which drain the frontal 
sinuses, have an important impact on frontal sinus 
surgery. Scarring around the frontal sinus drainage 
pathway, adhesions, or synechiae can narrow the 
recess and may result in unsatisfactory surgical 
outcomes.1 High nasal septal deviation (NSD) may 
also narrow the frontal sinus drainage pathway and 
may indirectly affect the surgical success rate. 

NSD is one of the most commonly encountered 
pathologies in daily otolaryngology practice and 

is usually treated with septoplasty to eliminate the 
nasal obstruction. Septoplasty can be performed 
synchronously with FESS. Some studies report that 
septoplasty together with FESS in the same session 
increases the success rate and improves the surgical 
approach to the related sinus.5 However, studies 
regarding synchronised septoplasty and FESS have 
not clearly emphasised the relationship between 
the side of the deviation and the involved sinus. 
Additionally, they have not particularly focused on 
narrowing of the frontal sinus by high NSD and its 
possible unfavourable surgical consequences. Our 
aim in this study was to investigate whether the 
angulation of the septum at the level of the frontal 
recess (FR) has an impact on the narrowing of the 
FR and on the recurrence of frontal sinus disease.

Materials and methods

Ethics committee approval was obtained from 
Istanbul Training and Research Hospital Ethics 
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were 0.5 mm. Images with artefacts of any cause 
precluding calculations were excluded from the 
study. Multiple projection reformatted images in 
sagittal and coronal planes were constituted with 
the same resolution characteristics. Images were 
evaluated with both bone and soft tissue algorithms.

The FR was identified on all three planes and 
measurements were obtained at this level of the FR 
on coronal planes. All radiological abnormalities 
and anatomical variations were recorded separately 
for both sides individually. The existence of high 
NSD was evaluated at the level of the FR. Septal 
angulation was measured as the angle between the 
midline and the line drawn on the deviation. The 
measured area of the septum coincided with Cottle 
area 4. Angulation over 10 degrees was considered 
high NSD, and the deviated side was noted (Figure 
1a).6 The widths of the FR in the medio-lateral and 
horizontal planes were measured for both sides 
separately as the distance between the middle 
turbinate and lamina papyracea (Figure 1b).

SPSS 15.0 for Windows software (SPSS Inc., 
Chicago, IL; Kaufman and Rousseeuw, 1990) was 
used for statistical analysis. Descriptive statistics 
were determined as the mean, standard deviation, and 
minimum and maximum for quantitative variables. 
Quantitative variables in two independent groups 
were compared using the Mann Whitney U test due 
to the inability to provide normal distribution. The 
rates of categorical variables between groups were 
evaluated using the Chi-Square test. Monte Carlo 
simulation was used when appropriate analysis was 
not provided. Alpha level statistical significance 
was determined as p<0.05.

Committee, with approval number 2016-186. 
Files of patients with chronic rhinosinusitis, with/
without polyps, were retrospectively evaluated. In 
total, 103 patients who underwent revision FESS at 
our hospital’s Otolaryngology Department between 
2008 and 2016 were included in the study. The 
patients were aged between 18 and 75 years, and 
all had frontal sinusotomy during both primary and 
secondary surgeries. Patients with allergic rhinitis, 
eosinophilic inflammation, immune deficiency, 
mucociliary dysfunction, maxillofacial trauma, 
malignancy, Samter’s triad, external approaches, 
and history of Draf II or III frontal sinus surgery 
or prior septoplasty were excluded. All the frontal 
surgeries were Draf I, and 45 patients were included 
in the study after exclusion criteria were applied.

Age, demographic features, operative details, and 
preoperative examination findings were recorded. 
Paranasal sinus computerised tomography (PSCT) 
images obtained prior to revision surgery were 
evaluated in the axial, coronal, and sagittal planes. 

The Picture Archiving Communication Systems 
(PACS) database of our hospital’s radiology depart-
ment was searched for this retrospective study. Two 
CT units from different vendors were used for 
examinations (Philips Ingenuity Core 128, Philips 
Healthcare, Cleveland, OH, USA and Toshiba 
Aquilion ONE 64, Toshiba Medical Systems, Japan). 
Images were sent to a dedicated workstation (GE 
Healthcare advantage workstation 4.3, Milwaukee, 
WI, USA) for assessment. Images were obtained 
with continuous non-overlapping sections. Slice 
thickness was 0.9 mm. İmage acquisition exposures 
were set at 120 kV, 97 mA. Pixel spacing values 

Figure 1
a: Measurement of angulation of high nasal septum at the level of FR: a: a 
straight line drawn through nasal septum; b: line between glabella and nasal 
spine; *: angle between these two lines. b: Measurement of the horizontal length 
of the frontal recess: area between middle turbinate and lamina papyracea. a: 
right frontal recess horizontal length; b: left frontal recess horizontal length.
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degrees. There was no significant relationship 
between the angle of deviation and right/left width 
of the FR (p=0.677; p=0.772) (Table 2)

Bilateral frontal sinus involvement was present 
in 31 (68.9%) patients, whereas 8 (17.8%) and 6 
(13.3%) patients had involvement of the left and 
right frontal sinus, respectively. At the level of 
the FR, 30 (73.2%) patients had recurrent polyps, 
10 (24.3%) had synechiae, and 13 (31.7%) had 
residual frontal cells. 

Results

This study included 45 patients (16 females and 29 
males). The mean age was 44.3±11.9 years. Of these 
43 patients, 33 (73.3%) had high septal deviation. 
No significant relationship was noted between the 
side of the NSD and frontal sinus disease (Table 1). 
No significant relationship was evident between the 
presence of NSD and the width of the FR (p≥0.05). 
The mean angulation of the septum was 9.0±7.8 

  Side of Deviation
Right Left None

    n % n % n % p
Right FS disease Absent 1 7.1 5 26.3 2 16.7 0.327

Present 13 92.9 14 73.7 10 83.3
Left FS disease Absent 4 28.6 1 5.3 1 8.3 0.176

Present 10 71.4 18 94.7 11 91.7
FS disease Right 4 28.6 1 5.3 1 8.3 0.324

Left 1 7.1 5 26.3 2 16.7
Bilateral 9 64.3 13 68.4 9 75.0

Table 1
Relationship between frontal sinus pathology and nasal septum deviation (FS: frontal sinus)

Table 2
Relationship between the presence of NSD and the width of the FR

(NSD nasal septum deviation FR: frontal recess)
Side of Septal Deviation

Right Left None
Mean ± SD Mean ± SD Mean ± SD p

Right FR width (cm) 3.72±2.71 3.46±1.69 3.29±1.54 0.885
Left FR width (cm) 3.34±1.47 3.16±2.08 3.64±1.47 0.329

Table 3
Coexistent pathologies and frontal involvement

Frontal disease, n (%) Right 6 (13.3)
Left 8 (17.8)
Bilateral 31 (68.9)

Affected sinuses, n (%) Isolated frontal sinus 4 (8.8)
Anterior ethmoid sinus 25 (55.6)
Posterior ethmoid sinus 23 (51.1)
Sphenoid sinus 19 (42.2)
Maxillary sinus 22 (48.9)
All sinus 3 (6.7)

AGER, n (%) Right 3 (6.8)
Left 4 (9.1)
Bilateral 9 (20.5)
Absent 28 (63.6)

Frontal Cell, n (%) Type 2 left 5 (11.1)
Type 2 right 1 (2.2)
Type 3 left 1 (2.2)
Type 4 right 1 (2.2)
Type 4 left 1 (2.2)
Type 2 bilateral 1 (2.2)

Table 3
Coexistent pathologies and frontal involvement Only 4 (8.8%) patients had isolated frontal sinus 

pathology. Pathologies coexisting with frontal sinus 
disease included anterior ethmoid in 25 (55.6%) 
patients, posterior ethmoid in 23 (51.1%), sphenoid 
in 19 (42.2%), maxillary in 22 (48.9%), and all 
sinuses in 3 (6.7%). In total, 3 (6.8%) patients had 
a right ager nasi, 4 (9.1%) had a left ager nasi, 
and 9 (20.5%) had bilateral ager nasi (Table 3). 
No significant relationship was noted between the 
presence of ager nasi cells and ipsilateral FS disease 
(p ≥0.05) and frontal cells (p ≥0.05) (Table 4). 

Discussion

The aim of this study was to identify the possible 
impact of NSD at the level of FR on the outcomes 
of ipsilateral frontal sinus surgery. In our study, we 
investigated patients who had undergone revision 
endoscopic sinus surgery including the frontal 
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published concerning the relationship between the 
frontal sinus and the contribution to frontal sinus 
disease and have indicated a significant relationship 
between NSD and ipsilateral frontal sinus pathology. 
Javadrashid et al.19 reported a significantly higher 
mean NSD in cases with frontal sinusitis than in 
unaffected patients. In this study, however, the 
affected side of the sinus and the deviated side were 
not examined when the septum deviation presence 
was assessed.

Assuming that the severity of NSD might affect 
the pathogenesis of sinus disease, septal deviation 
has been classified as mild, moderate, or severe in 
various studies6. Yasan et al.20 signified that moderate 
and severe NSD were related to the development 
of sinonasal pathology, whereas mild deviations 
were not. Karataş et al.21 noted that the severity of 
NSD was not related to frontal sinus pathology. A 
meta-analysis published by Orlandi et al.6 regarding 
the relationship between NSD and chronic rhino-
sinusitis determined the cutoff value for NSD as 
10 degrees. In our study, septal angulation over 10 
degrees was accepted as positive, but we measured 
the angle of deviation at the level of FR rather than 
at the peak point of deviation. We identified the 
level of the FR as the critical key point by assuming 
its contribution to the obstruction, rather than the 
anatomical variations mentioned above. In our 
study, despite that primary frontal disease was not a 
concern, NSD was identified in 78% of the patients 
with recurrent frontal sinus diseases. Unlike the 
report of Karataş et al.21, we found no significant 
relationship between NSD and the involved sinus. 
Unlike the previous studies, we investigated the 
presence of high septal deviation. Furthermore, 
when we consider that nasal septal deviation is a 
common pathology, a frequent occurrence of this 
pathology in revision surgery can be expected.

Many surgeons prefer to perform FESS and 
septoplasty during the same session to facilitate a 
better approach to the related anatomical structures 

sinus. We focused on the relationship between 
the presence of NSD at the level of the FR, septal 
angulation, the side of the angulation, the side of 
the involved sinus, and the horizontal length of the 
FR. High septal deviation was the most commonly 
seen pathology (73.8%) in the revision cases, and 
no significant relationship was detected between 
the side of the deviation, involved frontal sinus, and 
the horizontal length of the FR. 

Surgery of the FR can lead to complications 
due to its proximity to the skull base and orbital, 
and because of its narrow and complex anatomy 
resembling an hourglass. Unsatisfactory frontal 
sinus surgery can result from scarring of the 
frontal sinus drainage pathway, residual ager nasi 
cells, residual frontal cells, residue of the uncinate 
process, lateralization of the middle turbinate, 
recurrent mucosal disease, and osteoneogenesis7,8. 
The FR plays a vital role in frontal sinus surgery. 
Pathologies of the recess and anatomic factors 
that narrow the recess may lead to recurrences. 
Nasal septal deviations that lie immediately adja-
cent to the middle turbinate may contribute to 
its lateralization, resulting in narrowing of the 
frontal sinus drainage pathway. In our study, we 
investigated the relationship between the presence 
of high septal deviation and unsatisfactory frontal 
sinus surgery.

Although the impact of NSD on sinus functions 
has not yet been clearly identified, its contribution 
to sinus aeration and its role in the frequency and 
severity of sinus diseases has been proposed in many 
studies6,8-11. Three different hypotheses have been 
emphasised concerning the relationship between 
NSD and chronic rhinosinusitis. NSD can lead to 
rhinosinusitis by provoking stenosis of the middle 
meatus, increasing the velocity of nasal air flow, 
and disrupting both the maxillary sinus pressure 
and the aeration of the middle meatus12,13,14. Related 
studies have mainly focused on the maxillary and 
ethmoid sinuses15,16,17,18. Limited reports have been 

  AGER
Absence Right Left Bilateral

    n % n % n % n % p
Right FS disease Absent 5 17.9 0 0.0 1 25.0 2 22.2 1.000

Present 23 82.1 3 100.0 3 75.0 7 77.8
Left FS disease Absent 3 10.7 1 33.3 1 25.0 1 11.1 0.419

Present 25 89.3 2 66.7 3 75.0 8 88.9

Table 4
Correlation between frontal sinus disease and ager nasi presence
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side. Contrary to our hypothesis, the horizontal 
length of the FR and disease recurrence were not 
affected by the deviation side. The horizontal 
length of the FR was taken from coronal CT scans. 
However, the FR is a three-dimensional structure, 
and a single horizontal length may be inadequate 
to evaluate its complex anatomy. An absence of 
subjects with isolated frontal sinus disease, as 
well as inadequate exclusion of other independent 
factors and no use of existing classifications of the 
frontal outflow tract, are other limitations of our 
study. Further studies that include isolated frontal 
sinus surgeries may further clarify the impact of 
NSD on frontal sinus surgery. 

In our study, despite the fact that primary frontal 
disease was not a concern, NSD was identified in 
78% of recurrent frontal sinus diseases. Unlike the 
report of Karataş et al.21, we found no significant 
relationship between NSD and the involved sinus; 

however, we investigated the presence of high 
septal deviation.

Conclusion

High nasal septal deviation is the most commonly 
encountered pathology in revision frontal sinus 
surgery, regardless of the side of the deviation. 
Further studies with a larger series are warranted 
to determine its impact in frontal sinus pathologies.

References

1.	Levine CG, Casiano RR. Revision  Functional  Endo
scopic  Sinus  Surgery. Otolaryngol Clin North Am. 
2017;50(1):143-164.

2.	Musy PY, Kountakis SE. Anatomic findings in patients 
undergoing revision endoscopic sinus surgery. Am J 
Otolaryngol. 2004;25(6):418-422.

3.	Chandra RK, Palmer JN, Tangsujarittham T, Kennedy DW. 
Factors associated with failure of frontal sinusotomy in 
the early follow-up period. Otolaryngol Head Neck Surg. 
2004;131(4):514-518.

4.	Kennedy DW, Senior BA. Endoscopic sinus surgery: a 
review. Prim Care. 1998;25(3):703-720. 

5.	Chang CC, Tai CJ, Ng TY, Tsou YA, Tsai MH. Can FESS 
combined with submucosal resection (SMR)/septoplasty 
reduce revision rate? Otolaryngol Head Neck Surg. 
2014;151(4):700-705.

6.	Orlandi RR. A systematic analysis of septal deviation 
associated with rhinosinusitis. Laryngoscope. 2010;120(8): 
1687-1695.

7.	Friedman M, Bliznikas D, Vidyasagar R, Joseph NJ, 
Landsberg R. Long-term results after endoscopic sinus 
surgery involving frontal recess dissection. Laryngoscope. 
2006;116(4):573-579.

and to obtain better results22. Smith et al.23 published 
a multicentre study signifying that 27% of centres 
prefer to perform FESS and septoplasty during the 
same session. Chang et al.3, in their retrospective 
investigation of 4484 patients, specified that 
synchronous ESS and septoplasty reduces the need 
for revision surgery. Removing the superior part 
of the nasal septum is not recommended during 
septoplasty in order to maintain septal stabili-
zation24. This part usually coincides with the level 
of the FR. Intervention in the superior part of the 
septum may provide a higher success rate in frontal 
sinus surgery. Removing the anatomic narrowing 
at the level of the FR may markedly prevent the 
lateralization of the middle turbinate. 

Some reports in the literature have noted that 
lateralization of the middle turbinate is the most 
common reason for the failure of sinus surgeries, 
with failure rates of between 30% and 78%1,2,8. 
Bassiouni et al.25 reported that patients with middle 
turbinate lateralization have a higher rate of 
revision surgery. We hypothesised that this effect 
was related to the difficulty involved in exposing 
the frontal sinus.

We ignored the lateralization of the middle 
turbinate because we did not know its original 
anatomic position prior to the primary surgery. 
This is one of the limitations of our work. We 
defined the middle turbinate as the medial border 
while measuring the horizontal length of the FR. 
Stabilization of the middle turbinate is provided by 
many key points, and the surrounding structures play 
roles in maintaining its position. Septal deviation 
located immediately adjacent to the middle turbi-
nate might lead to its lateralization, resulting in 
narrowing of the FR and surgical failure. However, 
we found no significant relationship between the 
width of the frontal sinus and the angulation/side 
of the septal deviation in support of our hypothesis.

The literature also indicates that unopened cells 
are among the pathologies observed by revision 
surgeons1. In our study, we encountered ager nasi 
and other frontal cells during the revision, which 
actually suggests inadequate surgery. However, 
there was no correlation between unopened ager 
nasi and the affected frontal sinus.

To the best of our knowledge, this is the first 
study to evaluate the role of high septal deviation at 
the level of the FR in the failure of revision frontal 
surgery. The most commonly seen pathology in 
revision surgeries is NSD, regardless of the deviated 

10-Server-OK.indd   323 12/12/19   18:17



324	 E.A. Server et al.

18.	Scribano E, Ascenti G, Loria G, Cascio F, Gaeta M. 
The role of the ostiomeatal unit anatomic variations in 
inflamatory disease of the maxillary sinuses. Eur J Radiol. 
1997;24(3):172-174.

19.	Javadrashid R, Naderpour M, Asghari S, Fouladi DF, 
Ghojazadeh M. Concha bullosa, nasal septal deviation and 
paranasal sinusitis; a computed tomographic evaluation. 
B-ENT. 2014;10(4):291-298.

20.	Yasan H, Dogru H, Baykal B, Döner F, Tüz M. What is 
the relationship between chronic sinus disease and isolated 
nasal septal deviation? Otolaryngol Head Neck Surg. 
2005;133(2):190-193.

21.	Karatas D, Koc A, Yüksel F, Doğan M, Bayram A, Cihan 
MC. The Effect of Nasal Septal Deviation on Frontal and 
Maxillary Sinus Volumes and Development of Sinusitis. J 
Craniofac Surg. 2015;26(5):1508-1512.

22.	Bayiz U, Dursun E, Islam A, Korkmaz H, Arslan N, 
Ceylan K, Samim E. Is septoplasty alone adequate for the 
treatment of chronic rhinosinusitis with septal deviation? 
Am J Rhinol. 2005;19(6):612-616.

23.	Smith TL, Litvack JR, Hwang PH, Loehrl TA, Mace JC, 
Fong KJ, James KE. Determinants of outcomes of sinus 
surgery: a multi-institutional prospective cohort study. 
Otolaryngol Head Neck Surg. 2010;142(1):55-63.

24.	Oneal R.M., Beil R.J., and Schlesinger J. Surgical anatomy 
of the nose. Otolaryngol Clin North Am. 1999; 32(1):145-
148.

25.	Bassiouni A, Chen PG, Naidoo Y, Wormald PJ. Clinical 
significance of middle turbinate lateralization after endo-
scopic sinus surgery. Laryngoscope. 2015(1);125:36-41.

Ela Araz Server
Istanbul Training and Research Hospital, 
Department of Otorhinolaryngology/Head and Neck Surgery, 
Istanbul, Turkey. 
E-mail: serverela@hotmail.com

8.	Otto KJ, DelGaudio JM. Operative findings in the frontal 
recess at time of revision surgery. Am J Otolaryngol. 
2010;31(3):175-180.

9.	Elahi MM, Frenkiel S. Septal deviation and chronic sinus 
disease. Am J Rhinol. 2000;14(3):175-179.

10.	Hatipoglu HG, Cetin MA, Yuksel E. Nasal septal deviation 
and concha bullosa coexistence: CT evaluation. B-ENT. 
2008;4(4):227-232.

11.	Garcia GJ, Rhee JS, Senior BA, Kimbell JS. Septal 
deviation and nasal resistance: an investigation using 
virtual surgery and computational fluid dynamics. Am J 
Rhinol Allergy. 2010;24(1):46-53.

12.	Blaugrund SM. Nasal obstruction. The nasal septum 
and concha bullosa. Otolaryngol Clin North Am. 1989; 
22(2):291-306.

13.	Danese M, Duvoisin B, Agrifoglio A, Cherpillod J, 
Krayenbuhl M. Influence of naso-sinusal anatomic 
variants on recurrent, persistent or chronic sinusitis. 
X-ray computed tomographic evaluation in 112 patients. J 
Radiol. 1997;78(6):651-657.

14.	Bachert C. Experimental studies of the effect of nasal 
respiratory obstruction on ventilation of the maxillary 
sinus. Laryngol Rhinol Otol (Stuttg). 1986;65(5):250-255.

15.	Boyce J, Eccles R. Do chronic changes in nasal airflow 
have any physiological or pathological effect on the 
nose and paranasal sinuses? A systematic review. Clin 
Otolaryngol. 2006;31(1):15-19.

16.	Stallman JS, Lobo JN, Som PM. The incidence of concha 
bullosa and its relationship to nasal septal deviation 
and paranasal sinus disease. AJNR Am J Neuroradiol. 
2004;25(9):1613-1618.

17.	Calhoun KH, Waggenspack GA, Simpson CB, Hokanson 
JA, Bailey BJ. CT evaluation of the paranasal sinuses in 
symptomatic and asymptomatic populations. Otolaryngol 
Head Neck Surg. 1991;104(4):480-483.

10-Server-OK.indd   324 12/12/19   18:17


