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Clinical-radiological correlation after functional endoscopic 
sinus surgery in patients with chronic rhinosinusitis: 
interest of a sinonasal aerial volumetry *

Summary  
Background: Although a CT scan is often performed after functional endoscopic sinonasal surgery (FESS) in patients with 
chronic rhinosinusitis, its role hasn’t been !rmly established. The goal of this study is to investigate the correlation between 
symptoms and CT !ndings before and after FESS for chronic rhinosinusitis. In addition, the interobserver agreement for both 
sinonasal aerial volumetry and CT score is assessed. 

Methods: Thirty-three patients surgically treated for chronic rhinosinusitis were included in this prospective study. Conven-
tional and modi!ed Lund-Mackay scores and sinonasal volumetry were  determined by two radiologists before (M0), at 3 
months (M3) and 1 year (M12) after surgery. The symptoms were evaluated by the 22-item SinoNasal Outcome Test (SNOT-
22).

Results: Change of SNOT-22 and air volume were signi!cantly correlated between M0 and M12, but not between M0 and 
M3, for both readers. Compared to other scores, volume had the best intraclass correlation coe"cient and reproducibility, 
according to the Bland-Altman analysis. No correlation was found between SNOT-22 and CT scores before and after surgery, 
except between M12 and M0 for one reader. 

Conclusion: The correlation between CT scan and symptoms is low or absent. The measurement of sinonasal air volume is 
best correlated with the symptoms after surgery, with the best inter-observer agreement.
 
Key words: chronic rhinosinusitis, functional endoscopic sinus surgery, multidetector computed tomography, score, volume-
tric analysis
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Introduction
Chronic rhinosinusitis is a group of diseases characterized by an 
in#ammation of the mucosa of the nasal cavity and paranasal 
sinuses, for at least twelve consecutive weeks (1). This is an extre-
mely common medical condition, considered as a serious health 
care problem. It a$ects approximately 31 million people in the 
United States per year, or 16% of the population (2). In 1996, it  

led to 26.7 million physician o"ce visits for a cost of 
US$ 5.8 billion (3). Its diagnosis is based upon clinical symptoms 
and signs, and endoscopy.

Functional endoscopic sinus surgery (FESS) is the treatment of 
choice for chronic rhinosinusitis refractory to medical therapy. 
There are approximately 200,000 endoscopic sinonasal surgeries 
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performed per year in the United States (4). FESS yields very good 
results with clinical improvement in 98.4% of cases (5). However, 
a revision surgery is required in 3 to 14% of cases (6).

Computed Tomography (CT) scan without use of contrast agent 
is the imaging modality of choice for sinonasal pathology and its 
place is well established in the management of chronic rhinosi-
nusitis. Although it has a low value for the etiological orientation 
(1), it can con!rm the diagnosis, and also specify the topography 
and help to plan surgery. It must be made at least six weeks after 
an acute episode or corticosteroid therapy, to best assess the 
basic state of the mucosa (7).
However, few studies have assessed the interest of CT in 
sinonasal reevaluation after FESS, and there is a lack of gui-
delines regarding the relevance and time for a CT scan in the 
postoperative period. The dose for a paranasal sinus CT scan 
is relatively low (equivalent to the dose for a postero-anterior 
chest radiography), but some authors suggest that the follow up 
should be clinical and endoscopic, and that CT scan shouldn’t be 
systematically carried out unless there are clinical complications 
or no symptom improvement (8). 
With the increasing number of paranasal sinuses CT scans per-
formed in relation to endoscopic surgery for chronic rhinosinu-
sitis, the role of the CT as a tool for post-FESS follow-up needs to 
be assessed, to improve management of these patients. 

The aim of this study is to evaluate, before and after FESS, the 
correlation between clinical symptoms and signs and CT scan 
!ndings. CT evaluation was based on the Lund-Mackay score, 
but we developed also a measurement of sinonasal air volume 
to study the relationship with clinical data.

Material and methods
Patients 
This study was conducted at our hospital after its approval by 
its ethics committee. The inclusion period was one year. The pa-
tients were recruited between January 2010 and January 2011.

Inclusion criteria were:
• Any adult (18 year old and older) undergoing FESS for 

chronic rhinosinusitis,
• For which a CT scan of paranasal sinuses without injection 

was performed before surgery.
Exclusion criteria were:
• A history of sinonasal surgery,
• A new FESS performed during the follow-up period,
• Patient younger than 18 years,
• Pregnancy,
• Absence of preoperative paranasal sinus CT scan in DICOM 

format (Digital Imaging and Communications in Medicine).

All patients who met the inclusion criteria were given an appro-
priate amount of information regarding the study and had the 
opportunity to ask questions. Those who agreed to be included 
in the study signed an informed consent. The study protocol 
included for each recruited patient new paranasal sinuses CT 
scans at three months and twelve months after surgery.

Clinical data
Symptoms were rated using the 22 items Sinonasal Outcome 
Test (SNOT-22). This test  includes 12 clinical items which are the 
main symptoms of chronic rhinosinusitis (need to blow nose, 
sneezing, runny nose, cough, postnasal discharge, thick nasal 
discharge, nasal blockage, loss of sense of taste and smell, ear 
fullness, dizziness, ear pain, facial pain/pressure), and 10 noncli-
nical items which evaluate impact on quality of life (di"culty fal-
ling asleep, wake up at night, lack of a good night’s sleep, wake 
up tired, fatigue, reduced productivity, reduced concentration, 
frustrated/restless/irritable, sad, embarrassed).
The patient had to rate each item from 0 (“no problem”) to 5 
(“problem as bad as it can be”), with a theoretical maximal score 
of 110 (9).
The preoperative symptoms were scored using the SNOT-22 
retrospectively by the patient one month after surgery, when 
he/she was contacted to be included in the study. The patients 
rated their clinical symptoms the day CT was performed, 3 and 
12 months after surgery.

Image  acquisition
CT scans were performed on LightSpeed ® VCT scanner 64 rows 
(General Electric Healthcare, Milwaukee, WI, USA). Slice width 
was 0.625 mm, rotation time was 0.5 s, and reconstruction 
interval was 0.312 mm. X-ray tube peak voltage was 100 kV, 
and current time product was 60 mAs. The mean dose.length 
product was 39 mGy.cm.
The acquisition was parallel to the plane of the hard palate and 
included all of the paranasal sinuses. Reconstructions used a 
!lter “bone”. The window level was 350 Houns!eld Units (HU) 
and width 3500 HU. No contrast agent was administered.

Image  scoring
CT scans were read on Advantage Workstation ® 4.2 (General 
Electric Healthcare, Milwaukee, WI, USA). Each CT scan was sco-
red using the Lund-Mackay and Zinreich  scoring systems. These 
scoring systems are brie#y presented below:
The Lund-Mackay system gives for each sinus (maxillary sinus, 
frontal sinus, anterior ethmoid, posterior ethmoid, sphenoid 
sinus, right and left) the grade 0 (no abnormality), 1 (partial opa-
ci!cation) or 2 (total opaci!cation), and ositiomeatal complex 
is scored 0 (not obstructed) or 2 (obstructed), with a theoretical 
maximum score 24 (10).
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The system proposed by Zinreich is a modi!cation of the 
Lund-Mackay system. Lund Mackay’s grade 1 is divided into 
three grades: 1 = !lling of lumen between 1 and 33%, 2 = !lling 
between 33 and 66%, 3 = !lling between 66 and 99% (11). Grade 
0 is unchanged. Lund Mackay’s grade 2 is equal to Zinreich’s 
grade 4. The ostiomeatal complex is scored 0 or 2 (Figure 1). The 
theoretical maximum score is 44. 

Aerial volumetry
The aerial volumes in the sinonasal cavities were determined on 
the pre- and postoperative CT images as follows.
First, the structures below the hard palate (i.e. the oral cavity and 
the oropharynx) and outside the pyriform apertures (correspon-
ding to the anterior limit of the nasal cavity) were deleted. 
Then, a thresholding was applied by removing the voxels 
whose density was more than -500 HU. Voxels outside sinonasal 
cavities were deleted. A 3D High De!nition-Maximum Intensity 
Projection (HD-MIP) reconstruction was applied to the threshol-
ded images of the sinonasal cavities (Figures 2, 3), on which the 
measurement of aerial volume was performed with a spherical 
region of interest.

For each patient, CT scores and air volume reconstructions were 
performed twice, by a junior and a senior radiologist, without 
any of them being aware of the other’s work. Moreover, the 
radiologists were blinded to the patients’ clinical conditions 
(including the SNOT-22 results) when processing CT data.

Statistical analysis
Statistical analysis was performed using Excel 2011 ® (Microsoft 
Corporation, Redmond, WA, USA) and MedCalc ® (MedCalc Soft-
ware, Mariakerke, Belgium) software.
The correlation between the Lund-Mackay score, the Zinreich 
score and volume on each CT scan for the two readers was 
assessed using the intraclass correlation coe"cient (ICC). The va-
lues for the ICC range from 0 to 1, where 0 means no agreement 
and 1 total agreement. Correlation is poor between 0 to 0.2, low 
between 0.2 to 0.4, moderate between 0.4 to 0.6, good between 
0.6 to 0.8 and excellent between 0.8 and 1 (12). The inter-observer 
agreement was also assessed using the Bland and Altman me-
thod, consisting to measure the mean di$erence between two 
methods or two readers (13). 
The correlations between SNOT-22 and Lund-Mackay and Zin-
reich scores were determined before surgery (M0), at 3 months 
(M3) and 12 months (M12) after surgery, and the correlations 
between the change of the SNOT-22 and those of CT scores 
and volumes were determined between M0 and M3 on one 
hand, and between M0 and M12 on the other hand. The same 
correlation was assessed after dividing SNOT-22 into 2 groups: 
“clinical” items and “nonclinical” items. This correlation was 
measured using the Pearson correlation coe"cient. The values 
for this coe"cient range from -1 to 1. Values were classi!ed as 
high negative (from -1 to -0.5), low negative (from -0.5 to 0), low 
positive (from 0 to 0.5) and high positive (from 0.5 to 1).
The relationship between the evolution of each data was 

Figure 1. Opacification scoring example for the maxillary sinuses at M0. 

a. Right (white star): Lund Mackay grade 1, Zinreich grade 2. Left (white circle): Lund Mackay grade 0, Zinreich grade 0. 

b. Right (white star): Lund Mackay grade 1, Zinreich grade 3. Left (white circle): Lund Mackay grade 2, Zinreich grade 4. 

!
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not come back for the M12 visit. Thirty-three patients participa-
ted to the whole study, 20 male and 13 female subjects, mean 
age 46.8 years [19-76].

Evolution of  measurements
SNOT-22 score signi!cantly decreased 3 months after surgery, 
but was stable after 1 year. We found the same trend for both 
“clinical items” and “nonclinical items” groups, re#ecting an 
improvement in symptoms after surgery.
No signi!cant improvement was observed using Lund-Mackay 

studied using a Student’s t-test. In addition, the link between 
clinical scores for patients with a score of Zinreich smaller than 3 
and those with a score larger than 3 was investigated.
A p-value less than 0.05 was considered as statistically signi!-
cant.

Results
Patients 
During the inclusion period, 42 patients were invited to enroll 
in our study. Thirty-seven patients agreed, but four patients did 
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!

Figure 2. Image processing illustration for aerial volumetry. Upper row: 

the images have been thresholded (structures with density higher than 

-500 HU have been deleted). Lower row: result after thresholding and 

removing voxels outside of sinonasal cavities. 

 Figure 3. Illustration of the 3D HD-MIP reconstruction of the aerial 

volume in one patient. The left maxillary sinus is not seen on this recon-

struction because its lumen is filled (white star), contrary to the right 

side (arrowheads).

!

Figure 4. Bland and Altman graph for measurements of sinonasal air vol-

ume at M12. The solid line is the mean difference. The dashed lines are 

the 95% Confidence Interval of the mean difference. The dotted lines are 

the limits of agreement. Rater 1 and rater 2 are, respectively, junior and 

senior radiologist.

M0 M3 M12

SNOT-22 [0-110] 41.3 (18.8) 21 (16.1) 23.6 (19.2)

« Clinical » items [0-60] 24.3 (9.8) 13.1 (8.0) 15.5 (9.7)

« Nonclinical » items [0-50] 17.5 (12.1) 7.8 (9.9) 7.5 (10.1)

Lund-Mackay junior [0-24] 9.6 (4.7) 8.6 (4.4) 8.8 (4.5)

Lund-Mackay senior [0-24] 9.4 (5.7) 7.2 (5.5) 7.1 (5.6)

Zinreich junior [0-44] 15.4 (10.4) 13.6 (9.8) 13.3 (10.1)

Zinreich senior [0-44] 15.8 (13.8) 12.3 (13.3) 12.2 (13.6)

Volume junior (cm3) 60.1 (21.7) 64.2 (21.8) 66.9 (22.3)

Volume senior (cm3) 59.9 (21.7) 64 (21.7) 66.9 (22.4)

Table 1. Mean (standard deviation) of scores for both readers before and 

after surgery (values in bold represent a significant change compared to 

M0 according to Student’s t-test), with the range for each score between 

brackets in the first column.
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and Zinreich scores and volume after surgery (Table 1).

Inter-observer agreement 
The intraclass correlation coe"cient for each index was excel-

!
Figure 5. Illustration of the lack of correlation between CT score and patient symptoms after surgery.

a. Lund-Mackay grade 1 into the right maxillary sinus at M12 (white star), grade 2 in the left maxillary sinus (white circle) and in both anterior ethmoi-

dal compartments (arrowheads). Corresponding SNOT-22 scores of 8 (58 before FESS) in this 44-year-old man.

b. Lund-Mackay grade 0 at M12 in both maxillary sinuses (white stars) and anterior ethmoidal compartments (arrowheads). Corresponding SNOT-22 

scores of 60 (37 before FESS) in this 39-year-old woman.

ICC         [95% CI] Bland-Altman

Mean difference 
[95% CI] Standard deviation Upper limit [95% CI] Lower limit [95% CI]

Volume M0 0.99     [0.99 ; 0.99] 0.18   [-0.02 ; 0.38] 0.57 -0.93   [-1.28 ; -0.58] 1.30   [0.95 ; 1.65]

Volume M3 0.99      [0.99 ; 0.99] 0.18   [0.02 ; 0.34] 0.45 -0.70   [-0.97 ; -0.42] 1.05   [0.78 ; 1.33]

Volume M12 0.99      [0.99 ; 0.99] 0.04   [-0.11 ; 0.19] 0.43 -0.80   [-1.06 ; -0.54] 0.88   [0.61 ; 1.14]

Lund M0 0.92     [0.84 ; 0.96] 0.24   [-0.49 ; 0.98] 2.08 -3.83   [-5.1 ; -2.56] 4.31   [3.04 ; 5.59]

Lund M3 0.92     [0.85 ; 0.96] 1.39   [0.69 ; 2.10] 1.98 -2.49   [-3.71 ; -1.28] 5.28   [4.07 ; 6.50]

Lund M12 0.92     [0.85 ; 0.96] 1.76   [1.05 ; 2.47] 2.00 -2.16   [-3.39 ; -0.94] 5.68   [4.45 ; 6.90]

Zinreich M0 0.93     [0.87 ; 0.97] -0.36   [-1.96 ; 1.24] 4.51 -9.21   [-11.97 ; -6.45] 8.48   [5.72 ; 11.24]

Zinreich M3 0.93     [0.87 ; 0.97] 1.27   [-0.25 ; 2.80] 4.30 -7.16   [-9.8 ; -4.53] 9.71   [7.07 ; 12.34]

Zinreich M12 0.94     [0.89 ; 0.97] 1.18   [-0.25 ; 2.62] 4.05 -6.76   [-9.24 ; -4.28] 9.12   [6.64 ; 11.6]

Table 2. Intraclass Correlation Coefficient (ICC) and data of the Bland and Altman method for measurements of air volume (in cm3) and CT scores 

obtained by the two readers at each study period. Limits of agreement for Bland and Altman plot are the mean difference ± 2 standard deviation of 

this difference.

lent for all CT scans,  and almost perfect for air volume measure-
ments (Table 2).
The Bland and Altman method for measuring the air volume 
showed a mean di$erence close to 0, which suggests the ab-
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and CT scores, except for Zinreich score measured by the senior 
radiologist before surgery, for which a weak correlation was 
observed (Table 3).
Changes in the volume and CT scores were not correlated with 
changes of the SNOT-22 between surgery and 3 months later. 
However, a weak correlation was found between changes in 
volume and that of the SNOT-22, between the surgery and 12 
months for both readers. For CT scores, a weak correlation was 
found between their changes and that of the SNOT-22 score for 
measurements made by the senior radiologist, but not for the 
junior radiologist (Table 4).

Finally, there was no signi!cant di$erence in SNOT-22 scores 
between subjects with a Zinreich score lower than 3 and those 
with a Zinreich score higher than 3 at M0, M3 and M12, or com-
pared to subjects with a score of Zinreich to 4 (total opaci!ca-
tion).

Discussion
The severity and the prevalence of symptoms of chronic rhino-
sinusitis are very varied. The lack of consensus in the de!nition 
of this pathology has led the Task Force for Rhinosinusitis to 
accurately de!ne this entity and to establish strict clinical criteria 
for its diagnosis (1). However, these symptoms-based criteria 
are nonspeci!c and mucosal in#ammation must be objecti!ed 
by in-o"ce endoscopy or CT scan (14). Furthermore, mucosal 
abnormalities found on CT scan are nonspeci!c of chronic rhino-
sinusitis (15,16). 
Several CT scores have therefore been developed to objectively 
quantify the extension of chronic rhinosinusitis, to provide a 
common language between physicians and to reliably study 
the correlation between the abnormalities seen in  images and 
symptoms of patients with chronic rhinosinusitis. The most 
popular system and recommended by the Task Force for Rhino-
sinusitis is the Lund-Mackay score (17). Indeed, this is an easy-to-
use, reliable system, with an excellent inter- and intra-observer 
agreement (10,18-20), as found in our study. 
The absence of correlation evidenced in this study between the 
SNOT-20, SNOT-22, or other clinical scores, and the Lund-Mackay 
CT score is consistent with previous works (19,21-26), particularly in 
the Hopkins study including 1840 patients (24).
The correlation between Lund-Mackay CT score before surgery 
and clinical score after surgery was also studied to determine 
whether the imaging data were predictive of the outcome 
after surgery. The results are divergent. Indeed, there was no 
correlation with the SNOT-20 and the Rhinosinusitis Symptom 
Inventory score one year after surgery (27,28). However, Hopkins et 
al. found a weak correlation with the reduction in SNOT-22 score 
at 12 and 36 months after surgery (24).
The correlation between CT scores and clinical scores after 
surgery was the subject of few studies up to now, and with few 
subjects. Ryan et al. found no signi!cant correlation between 

sence of signi!cant bias in the measurement. The 95% con!-
dence interval of the mean di$erence and the gap between the 
limits of agreement were narrow (maximum 0.4 cm3 and 2.23 
cm3 respectively), in favour of an excellent reproducibility of the 
measurement (Figure 4).
For the Lund-Mackay score, the mean di$erence was close to 
0 before surgery on the Bland-Altman graph. However, it was 
close to 2 after surgery, its 95% con!dence interval not inclu-
ding 0 suggesting a systematic bias. The maximum 95% con!-
dence interval for this average and the gap between the limits 
of agreement were respectively 1.47 and 8.14.
For Zinreich score, the mean di$erence was close to 0 before 
surgery and close to 1 after surgery, with a 95% con!dence 
interval each time including 0, which was not in favour of a sig-
ni!cant systematic bias. This maximum 95% con!dence interval 
and the gap between the limits of agreement were respectively 
3.2 and 17.69, in favour of a large gap in the measurement 
repeatability (Table 2).

Clinical-radiological correlation 
No signi!cant correlation could be drawn between SNOT-22 

M0 M3 M12

SNOT/Lund junior R = 0.22 
[-0.13 ; 0.52]

R = 0.03 
[-0.32 ; 0.37]

R = 0.06
 [-0.29 ; 0.4]

SNOT/Lund senior R = 0.25 
[-0.11 ; 0.54]

R = -0.05
 [-0.38 ; 0.3]

R = 0.09 
[-0.26 ; 0.42]

SNOT/Zinreich junior R = 0.33
 [-0.02 ; 0.6]

R = -0.04
 [-0.37 ; 0.31]

R = 0.11
 [-0.24 ; 0.44]

SNOT/Zinreich senior R = 0.38
 [0.04 ; 0.64]

R = -0.08 
[-0.42 ; 0.27]

R = 0.12
 [-0.23 ; 0.45]

Table 3. Pearson correlation coefficient (R) with 95% confidence interval, 

measured between the SNOT-22 score and CT scores for each CT scan 

(significant value in bold).

M3-M0 M12-M0

Δ SNOT/ Δ volume junior R = -0.22 
[-0.52; 0.13]

R = -0.37 
[-0.63 ; -0.03]

Δ SNOT/ Δ volume senior R = -0.21 
[-0.52; 0.14]

R = -0.38 
[-0.64 ; -0.04]

Δ SNOT/ Δ Lund junior R = 0.01 
[-0.34; 0.35]

R = 0.18 
[-0.17 ; 0.5]

Δ SNOT/ Δ Lund senior R = -0.08
[-0.41; 0.27]

R = 0.42 
[0.09 ; 0.67]

Δ SNOT/ Δ Zinreich junior R = -0.04 
[-0.38 ; 0.31]

R = 0.23 
[-0.12 ; 0.53]

Δ SNOT/ Δ Zinreich senior R = -0.05 
[-0.39 ; 0.3]

R = 0.36 
[0.01 ; 0.62]

Table 4. Pearson correlation coefficient (R), with 95% confidence interval, 

measured between changes of air volumes and CT scores compared to 

changes of SNOT-22 score for each CT scan (significant values in bold).
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SNOT-20 score and the Lund-Mackay score in 51 patients on CT 
scans performed between 3 and 36 months after surgery (29). 
Matsuwaki et al. showed that the Lund-Mackay score did not 
signi!cantly di$er !ve years after surgery between good-course 
group and recurrence group (3). On the other hand, a strong 
correlation (r = 0.73, p < 0.0001) was found between SNOT-20 
and Lund-Mackay score at 3 months in 50 operated patients in 
the study of Moghadasi et al. (30). We did not !nd any correlation 
between Lund-Mackay CT score and SNOT-22 score after sur-
gery, regardless of the reader. But, there was a weak correlation 
between changes in SNOT-22 score and in the Lund-Mackay 
score at 12 months after surgery, signi!cant for the senior radio-
logist, but not at 3 months after surgery. Indeed, we can assume 
that intrasinusal in#ammatory changes related to surgery are 
responsible for a high Lund-Mackay score, which took several 
months to disappear. Clinical signs improved rapidly after sur-
gery, which may explain the absence of correlation.
Not being very sensitive to changes in intrasinusal abnormalites 
is one of the limitations of the Lund-Mackay CT score. This may 
explain why the score did not signi!cantly change after surgery. 
The Lund Mackay scoring system considers only the absence of 
abnormality and total or partial opaci!cation of the sinuses, not 
considering the reduction of the disease from 90% to 10% for 
example.
Therefore, Zinreich proposed to stratify Lund-Mackay grade 
1 into three subgrades (11). But, no signi!cant changes of this 
score were found after surgery in our study. The correlation with 
the SNOT-22 was similar to the correlation of the Lund-Mackay 
score.
In addition, there was no signi!cant di$erence in SNOT-22 sco-
res of subjects with at least one paranasal sinus being opaci!ed 
for more than two thirds of its lumen when compared to other 
patients. No correlation was found between CT scores and 
patient symptoms before and after surgery (Figure 5). Similarly, 
Bon!ls et al. found 11 mucocoeles without clinical symptom 
among 144 operated patients (31).

In fact, the Lund-Mackay score, and its modi!ed version as 
proposed by Zinreich as well, primarily re#ect abnormalities 
within the paranasal sinuses. They do not properly evaluate the 
ostiomeatal ways (frontal recess, maxillary infundibulum, middle 
meatus, sphenoethmoid recess), whose obstruction is neverthe-
less a key element in the physiopathology of chronic rhinosinu-
sitis (11). Moreover, although these CT scores distinguish anterior 
and posterior ethmoid, the boundaries between these compart-
ments and the ostiomeatal complex is sometimes di"cult to 
determine, especially for untrained physicians (32). The misdeline-
ation of these anatomical regions could be responsible for errors 
in the listing of Lund-Mackay and Zinreich scores. In addition to 
the Zinreich score, it is sometimes di"cult to quantify the opa-
ci!cation of the sinuses between the scores 1, 2 and 3, including 
the ethmoid compartments, which are small structures.

The absence or the poor correlation between CT measurements 
and clinical scores may also result from the low speci!city of pa-
tient self-reported symptoms in chronic rhinosinusitis. Indeed, 
these scores assess the impact of the disease on their well-
being. This assessment takes into account multiple variables, 
including environmental and socioeconomic factors, largely 
in#uencing the patient perception. 
On the other hand, non-clinical items of such scores can be 
linked to other pathology (24). Sleep disorders may be related 
to benign prostatic hypertrophy, or psychiatric problems like 
depressive disorders.
Other studies have shown this lack of correlation between CT 
scores and non-clinical items although a correlation was found 
with the clinical items (26,33). The SNOT-22  has been designed to 
improve this assessment by adding two disease-speci!c items 
into SNOT-20, namely: “nasal obstruction” and “loss of taste and 
/ or smell” (9). This is the patient’s quality of life tool with the best 
internal consistency and the best to appreciate clinical changes 
after surgery (34). These elements have justi!ed that we used it 
for our study.
The imaging modality used in this study is an additional limita-
tion: CT scan can show the opaci!cation of the paranasal sinuses 
and the topography of abnormalities, but cannot distinguish a 
postoperative !brosis from mucosal hyperplasia (35). Similarly, 
for an entirely !lled sinus, the di$erence between mucosal 
hyperplasia and recurrent mucocoele can be di"cult. Magnetic 
Resonance Imaging (MRI) can easily di$erentiate between these 
two entities (36), and specify the recent nature of mucosal ab-
normalities (37). Some studies have suggested that this imaging 
modality could be an alternative to CT scan in the diagnosis of 
chronic rhinosinusitis (38,39), or in the postoperative evaluation.  

Given these limitations of CT scores of chronic rhinosinusitis, 
and low or no correlation with clinical scores, both in literature 
and in our study, it seems important to develop new tools in the 
evaluation of this pathology.
The goal of FESS in the treatment of chronic rhinosinusitis is 
to restore the physiological #ow of mucus in sinonasal cavities 
by removing obstacles (40). For this reason, the volume of free 
air into the paranasal sinuses and nasal cavity was assessed in 
this study. This volume is inversely proportional to the mucosal 
thickness and lumen !lling. This measurement is made possible 
through contiguous millimetric acquisitions of multidetector CT, 
and post-processing software, but it has not been widely used 
in clinical practice (41,42) and has not been evaluated in chronic 
rhinosinusitis.
To delineate this volume, we have chosen to include the nasop-
harynx, because the hard palate  is easier to delimit than the 
choana. The intraclass correlation coe"cient for estimating the 
volume of air between the two readers was almost perfect, bet-
ter than Lund-Mackay and Zinreich score. In addition, the Bland 
and Altman graph showed no systematic bias in this evaluation, 
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