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Postoperative improvement in acoustic rhinometry 
measurements after septoplasty correlates with long-term 
satisfaction* 

Summary
Background: Not much is known about long-term satisfaction of septoplasty. Our goal was to compare pre- and postoperative 

acoustic rhinometry measurements with satisfaction 11 years after surgery.

Methodology: Acoustic rhinometry measurements were performed preoperatively and 3 months postoperatively. Satisfaction 

was evaluated with semi-structured interviews by telephone 11 years after surgery. Symptoms were evaluated using the NOSE 

score. 

Results: In total, 222 patients were interviewed and eligible to enter the study. Of these, 213 had preoperative acoustic rhinome-

try and 159 had postoperative acoustic rhinometry. In total, 157 patients had a complete data set. Mean follow-up time was 11.3 

years. Patients satisfied with surgery had a bigger improvement in total minimum cross-sectional area before decongestion and 

total nasal cavity volume after decongestion. NOSE scores were not correlated with acoustic rhinometry measurements.

Conclusion: Acoustic rhinometry could be a valuable tool for evaluating the results of septoplasty. Satisfaction at 11 years follow-

up was associated with 3 months postoperative acoustic rhinometry improvements. Acoustic rhinometry did not show preopera-

tive patient selection potential.
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Introduction
Nasal obstruction is a common problem managed in otorhi-

nolaryngology. Difficulty with nasal breathing can have many 

causes but often a deviated nasal septum is the cause. This can 

vary in severity and the prevalence of septal deviation has been 

reported to be up to 80% (1). As such, the deviated septum is not 

always the problem but if believed so the definitive treatment 

for this is surgical correction, and septoplasty is one of the most 

commonly performed surgical procedures by otolaryngolo-

gists(2).

Nasal obstruction symptoms are subjective and do not always 

coincide with nasal cavity findings. Thus, objective measures 

have been proposed such as active anterior rhinomanometry, 

acoustic rhinometry and nasal peak flow. These methods, howe-

ver, have produced mixed results regarding the correlation with 

subjective symptoms and there is no agreement on a measure-

ment tool (3-6).

Acoustic rhinometry (AR) measures the geometry of the nose 

by means of acoustic reflections. Studies comparing acoustic 
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rhinometry with computed tomography or magnetic resonance 

imaging have shown a good correlation in the anterior portion 

of the nasal cavity but not the posterior part (7-12). By measuring 

the nasal cavity before and after decongestant application, the 

mucosal part of nasal obstruction can be evaluated. Its principle 

and limitations have been described in detail elsewhere (13).

Not all patients report improved nasal breathing after septo-

plasty and long term subjective satisfaction has been shown to 

be as low as 56-69% (14,15). It would be optimal if a method for 

selecting patients for septoplasty was available to physicians as 

to avoid operating on patients with no achievable gain.

The aim of this study was to investigate if pre- and postopera-

tive acoustic rhinometry was correlated to long-term satisfac-

tion after septoplasty with or without additional nasal surgery in 

a university hospital setting.

Materials and methods
Setting

This study was performed in a university hospital setting (secon-

dary and tertiary referral center).

Inclusion criteria

Patients who underwent septoplasty in the time period of 

January 1999 and December 2000 were all included in the study 

if the indication was nasal obstruction and/or snoring. This 

included patients undergoing septoplasty alone or in combina-

tion with other nasal surgery to represent a typical population 

representing with nasal obstruction.

Exclusion criteria

Patients whose indication for septoplasty was not nasal obstruc-

tion or snoring were excluded. Patients with sinus surgery either 

before or after septoplasty and patients with acute nasal trauma 

were excluded from the study. Patients who in the follow-up 

period had broken their nose were also excluded.

Study design

The study was conducted as a follow-up questionnaire survey, 

related to initial prospective examinations.

Outcome measures

In spring 2011, all patients were sent a postal questionnaire 

and asked how satisfied they were with the overall result on a 

5 point likert scale where 0 was very unsatisfied and 4 was very 

satisfied with the overall result of surgery. This was later reduced 

to either “Not satisfied” or “Satisfied” where the options satisfied 

and very satisfied comprised the “Satisfied” group. The patients 

were asked about their symptoms before surgery and today 

using the NOSE score (16). AR was performed before operation in 

the period 3 months before surgery to same day. Postoperative 

AR was performed 3 months after surgery. The following measu-

res were made before and 30 minutes after decongestion based 

on the mean value of three measurements (Figure 1):

Minimal cross-sectional area 1  (MCA1):  0 - 2.20 cm

Minimal cross-sectional area 2 (MCA2):  2.21 - 5.40 cm

Minimal cross-sectional area 3 (MCA3) 0 - 5.40 cm

Nasal cavity volume 1   (VOL1): 0 - 2.20 cm

Nasal cavity volume 2   (VOL2):  2.21 - 5.40 cm

Nasal cavity volume 3  (VOL3): 0 - 5.40 cm

Nasal congestion index (NCI)(17) was calculated for MCA3 and 

VOL3 based on the following formulas:

NCI-MCA3: (MCA3decongested – MCA3before decongestion) / 

MCA3before decongestion

NCI-VOL3: (VOL3decongested – VOL3before decongestion) / 

VOL3before decongestion

Statistical analysis

IBM SPSS Statistics 20 was used for all statistical analysis. Inde-

pendent samples t-test was used to compare data between 

satisfied and not satisfied patients and paired samples t-test was 

used for paired data. Spearman’s rank correlation coefficient was 

used to test for correlation between NOSE scores and acoustic 

rhinometry measurements. A two-tailed p value less than 0.05 

was considered statistically significant.

Results
A total of 506 patients underwent nasal septal surgery alone or 

in combination with other nasal procedures over a 24-month 

period between January 1999 and December 2000. In total, 222 

were interviewed and eligible.

Of these 222, 213 patients had preoperative acoustic rhinometry 

and 159 had postoperative acoustic rhinometry. In total, 157 

had both preoperative and postoperative acoustic rhinometry. 

No difference in patient satisfaction or acoustic rhinometry 

data was observed between patients with both measurements 

compared with patients who only had preoperative acoustic 

rhinometry. Statistical analysis was based on patients with a 

complete dataset. No significant difference in acoustic rhinome-

try parameters was observed between patients who completed 

the questionnaire and patients not included in the study. Basic 

acoustic rhinometry measurements were all significantly im-

proved postoperatively (Table 1). Mean follow-up time was 11.3 

years (range 10.2 - 12.2 years).

At follow-up, 55.9 % of patients were either pleased or very 

pleased with their result (the satisfied group), while 27% were 
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unsatisfied or very unsatisfied and 17.1% were in between (not 

satisfied group)(15). No difference in basic preoperative acoustic 

rhinometry measures was observed between satisfied and not 

satisfied patients. Patients satisfied with the overall result of 

surgery had a bigger improvement in total minimum cross-sec-

tional area before decongestion (0.17 ± 0.20 vs 0.10 ± 0.19 cm2, 

p < 0.05) and total volume of the nasal cavity after decongestion 

(2.08 ± 2.74 vs 1.25 ± 2.40 cm3, p < 0.05). No significant diffe-

rence was seen in split area measurements (Table 2). 

Nasal congestion index for MCA3 before surgery was significant-

ly higher amongst satisfied patients. A significant decrease in 

NCI-MCA3 was seen postoperatively amongst satisfied patients. 

NCI for total nasal cavity volume was not correlated with satis-

Figure 1. Standard acoustic rhinometry diagram before and after decon-

gestion.  

faction (Table 3). 

A meaningful cut-off value for acoustic rhinometry measures 

could not be found using Retriever Operating Characteristics 

Curve. 

Severity of nasal obstruction defined by review of case notes 

was not correlated with either satisfaction or any acoustic rhino-

metry variable. NOSE scores before surgery and today were not 

correlated with acoustic rhinometry measurements. Smoking 

status before surgery was associated with less decongestive 

ability of the nasal mucosa determined by NCI-VOL3 both before 

and after surgery (p < 0.01). Smoking status at follow-up was 

correlated with a lower satisfaction rate, though this was not 

seen in any acoustic rhinometry parameter (15).

Table 1. Acoustic rhinometry measurements pre- and postoperatively 

before and after decongestion were all improved. Values are mean ± SD. 

Before decongestion After decongestion

Pre
operative 

Post
operative

Pre
operative

Post
operative

MCA1+ 0.85 ± 0.23 0.95 ± 0.22* 0.92 ± 0.23 1.03 ± 0.22*

MCA2 0.86 ± 0.24 0.98 ± 0.27* 1.12 ± 0.27 1.19 ± 0.34#

MCA3 0.74 ± 0.19 0.87 ± 0.21* 0.87 ± 0.20 0.99 ± 0.21*

VOL1- 3.46 ± 0.62 3.55 ± 0.62# 3.48 ± 0.61 3.57 ± 0.60#

VOL2 6.03 ± 1.49 8.00 ± 1.77* 9.68 ± 1.96 11.28 ± 2.03*

VOL3 9.48 ± 1.73 11.56 ± 1.98* 13.16 ± 2.21 14.85 ± 2.26*

* postoperative change was significant (p < 0.01)
# postoperative change was significant (p < 0.001)
+ MCA: Minimum cross-sectional area. 1: 0-2.20cm, 2: 2.21-5.40cm, 

3: 0-5.40cm
- VOL: Nasal cavity volume. 1: 0-2.20cm, 2: 2.21-5.40cm, 3: 0-5.40cm

MCA unit is cm2 and VOL unit is cm3.

Before decongestion After decongestion

Preoperative Postoperative Preoperative Postoperative

MCA3+ Satisfied 0.72 ± 0.20 0.89 ± 0.21* 0.86 ± 0.21 0.99 ± 0.22

Not satisfied 0.76 ± 0.18 0.86 ± 0.20 0.87 ± 0.19 0.98 ± 0.20

- VOL3 Satisfied 9.57 ± 1.75 11.86 ± 2.04 13.00 ± 2.24 15.08 ± 2.28*

Not satisfied 9.38 ± 1.72 11.14 ± 1.93 13.35 ± 2.19 14.62 ± 2.30

* Postoperative improvement was significantly higher among satisfied patients (p < 0.05) 
+ MCA3: Total minimum cross-sectional area between 0 - 5.40 cm
- VOL3: Total nasal cavity volume between 0 - 5.40 cm

MCA unit is cm2 and VOL unit is cm3.

Table 2. Acoustic rhinometry improvements were greater for satisfied patients. Values are mean ± SD.
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Discussion
Selection criteria for septoplasty are far from evidence based 

and today patients are often booked for surgery without any 

objective measurements of the nose. Dinis et al. argued that 

inappropriate indication for septal surgery was one of the major 

reasons for patient dissatisfaction (18). Objective nasal measure-

ments could potentially aid in selecting patients for surgery. Ho-

wever objective nasal measurements and subjective symptoms 

are not always correlated (3-5). It could be argued though that 

they evaluate the patient from two different angles and as such 

do not necessarily need to be correlated. When offering a pa-

tient septoplasty, the surgeon believes that by redistributing the 

nasal cavity dimensions subjective symptoms of nasal obstruc-

tion will decrease. If the patient is not improved postoperatively, 

acoustic rhinometry can provide an objective measure for what 

changes have taken place in the nasal cavity due to surgery. 

Therefore, acoustic rhinometry can potentially allow surgeons 

to objectively evaluate the result of septoplasty since relying 

exclusively on subjective symptoms in today’s evidence based 

medicine is hardly satisfactory.

In our study with only 56% satisfied patients, a significant 

improvement in all acoustic rhinometry parameters was seen 

postoperatively. This suggests that the operative technique was 

not the main reason for such a low satisfaction rate. Satisfied pa-

tients had a bigger improvement in MCA3 before decongestion 

and total nasal cavity volume after decongestion. This suggests 

that the increase in nasal cavity dimensions following surgery is 

at least to some extent long-lasting even 11 years after surgery. 

Pirilla et al. showed that one year satisfaction after septoplasty 

was correlated with preoperative acoustic rhinometry findings(6). 

Besides a higher NCI-MCA3, we did not find any preoperative 

difference between satisfied and not satisfied patients. A 

meaningful cut-off value for any acoustic rhinometry variable 

for predicting satisfaction was not found in our study.

Higher NCI-MCA3 preoperative was seen among satisfied 

patients and a reduction in NCI-MCA3 postoperatively was 

associated with satisfaction as well. Postoperative acoustic 

rhinometry was performed 3 months after surgery and as such 

the decongestive ability of the mucosa could still be affected by 

scarring and whether this change in NCI is permanent or tran-

sient is impossible to tell without new measurements. Given the 

fact that satisfaction 11 years postoperatively is correlated with 

this variable, one could assume that this decrease has perma-

nent benefits.

Subjective symptoms were estimated using NOSE scores before 

surgery and at follow-up and they were not correlated with 

acoustic rhinometry measurements. As previously mentioned, 

this is a normal finding and since our patients had to estimate 

their symptoms before surgery retrospectively, uncertainty is 

attached to this part of the study.   

Although our study aimed to evaluate the possible role of 

acoustic rhinometry in the evaluation of septoplasty our results 

should be evaluated with some caution. First, only 71% of 

patients included in the study had both pre- and postoperative 

acoustic rhinometry. The main reason for this was that patients 

did not show up for their routine 3 month postoperative check-

up. Another weakness of this study is the lack of a new acoustic 

rhinometry test at follow-up 11 years after surgery. This has 

been omitted because a very low patient count was expected 

for such an arrangement. 

Conclusion
In conclusion, acoustic rhinometry could be a valuable tool for 

evaluating the results of septoplasty especially in cases where 

subjective and objective findings diverge. Acoustic rhinometry 

did not show preoperative patient selection potential. 

Satisfaction at 11 years follow-up was associated with 3 months 

postoperative acoustic rhinometry improvements. 
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Table 3. Nasal congestion index for total minimal cross-sectional area 

decrease among satisfied patients. Values are mean ± SD.

Preoperative 
value

Postoperative 
decrease

+ NCI-MCA3 Satisfied 0.23 ± 0.22 0.09 ± 0.26*

Not satisfied 0.16 ± 0.16 0.00 ± 0.18

* Postoperative change was significant between satisfied and not satis-

fied patients (p < 0.05)
+ NCI-MCA3: Nasal congestion index for total minimal cross-sectional 

area between 0 - 5.40 cm.
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