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Validation of the sino-nasal outcome test-23 in 
septorhinoplasty surgery*

Abstract 
Background: There has been a great expansion in patient-based outcome measures to face the ever-increasing demand to 
demonstrate surgical efficacy. However, surgeons have not adopted until now any systematic outcome instrument. The 22-item 
Sino-Nasal Outcome Test (SNOT-22) is a validated sinonasal outcome score in sinonasal and septorhinoplasty surgery but does not 
measure aesthetic outcome. The aim of this paper is to validate a modification to the Sino-Nasal Outcomes Test-22 (SNOT-22) with 
a new question regarding the shape of the nose (SNOT-23).

Methodology: We conducted a prospective cohort study on 69 consecutive patients undergoing septorhinoplasty and a control 
group of healthy volunteers. Reproducibility, responsiveness to treatment, known group differences and validity of the SNOT-23 
were analysed.  Scores were compared to visual analogue scales, nasal obstruction symptoms evaluation (NOSE) score and nasal 
inspiratory peak flow.

Results: SNOT-23 has good test-retest reliability and is a valid outcome measure for assessing response to surgery especially with 
regards to shape of the nose and nasal obstruction when compared to other patient reported measures.

Conclusion: SNOT-23 is a valid and reliable tool that can be easily used in routine clinical practice to assess the functional and aes-
thetic outcomes from septorhinoplasty surgery. The SNOT-23 could be adopted as a universal, easy to use tool in rhinology clinics 
for the assessment of response to septorhinoplasty and sinus surgery.
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Introduction
The aim of functional septorhinoplasty surgery is to restore an 
adequate nasal airway whilst retaining or improving the aesthe-
tic appearances of the nose. The assessment of a patient’s nose 
can be difficult due to the subjectivity of the complaints. Whilst 
the surgeon can assess the deformity aesthetically, and use tools 
such as acoustic rhinometry and nasal inspiratory peak flow to 
objectively determine nasal obstruction, ultimately the patient’s 
subjective and qualitative satisfaction will dictate the success of 
the surgical outcome (1,2).

Patient reported outcome measures (PROMs) seek to ascer-
tain patients’ views of their symptoms, their functional status, 

and their health related quality of life and are becoming more 
important in clinical medicine not only for assessing benefit of 
an intervention, but also for commissioning of services as it pro-
vides the best approximation of the burden of a disease to the 
patient. They can also be used as a comparator for departmental 
or even individual surgeons’ outcomes (3).

A wide variety of disease specific PROMs have been developed 
and validated which can assess outcomes of intervention for 
sino-nasal disease. One of the most extensively studied tools 
to date is the Sino-Nasal Outcomes Test-22 (SNOT-22) which 
has become widely integrated into routine clinical practice 
when assessing and managing chronic rhinosinusitis (4,5). The 
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SNOT-22 is a disease-specific, quality of life outcome measure 
of sino-nasal function which has been demonstrated to be 
reliable, valid and responsive (6.7). In recent studies of its use in 
septorhinoplasty surgery it has been shown to be a useful tool 
to assess outcomes (8-11) but does not have a question specifically 
about the shape of the nose which may limit its usefulness as a 
single, specific tool for functional septorhinoplasty. A number of 
studies have demonstrated the benefits of using multiple tools 
to measure outcomes such as the nasal obstruction symptoms 
evaluation (NOSE), Rhinoplasty Outcomes Evaluation (ROE) and 
sleep outcomes survey (SOS) (12,13) but these focus on individual 
functional symptoms and do not fully address psychological 
effects of surgery on quality of life.

We developed a modification of the SNOT-22 with a question re-
garding ‘concern with shape of the nose’ to create the Sino-Nasal 
Outcome Test-23 (SNOT-23: Figure 1). The goal of this study was 
to assess the reliability, validity, responsiveness and interpre-
tability of the SNOT-23. We evaluated the test-retest reliability 
and responsiveness to septorhinoplasty at three months after 
surgery. We compared the score to a healthy population, and to 
other tools such as visual analogue scale (VAS), NOSE score and 
nasal inspiratory peak flow. 

Materials and methods
Population
A prospective study of 69 consecutive patients undergoing 
functional and reconstructive septorhinoplasty surgery was 
conducted over a 10-month period at the Royal National Throat, 
Nose and Ear Hospital, London. The procedures were perfor-
med by either endonasal or external approach under general 
anaesthetic by one team of surgeons. The exclusion criteria were 
patients under the age of 16, inability to give consent, under-
stand the English language or the questionnaire, concomitant 
functional endoscopic sinus surgery or other nasal airway 
procedure.

To evaluate the ability of the SNOT-23 to reflect ‘known group’ 
differences, SNOT-23 scores were collected in 10 healthy volun-
teers randomly selected from the staff of the hospital. They were 
not known to be suffering with a nose or sinus condition and 
were consented to take part.

For all subjects, information was collected regarding the fol-
lowing: age, gender, surgical technique, surgeon, history of 
trauma, co-existing sinonasal disease, allergy, smoking status, 
and previous nasal surgery.

Validation
Patients completed the SNOT-23 questionnaire on two separate 
occasions pre-operatively (Test-Retest Reliability) and at one of 

their follow-up visits at three months post-operatively (Respon-
siveness). They were also asked to complete NOSE, visual ana-
logue scores and nasal inspiratory peak flow measurements at 
the same time. Patients were not allowed to view their previous 
responses when completing the questionnaires.

The SNOT-23 questionnaire rated 23 different symptoms from 
0 (no problem) to 5 (problem as bad as it can be) giving a 
theoretical total score of between 0-115 (Figure 1). The NOSE 
questionnaire is a validated disease-specific, quality-of-life 
instrument that is used to specifically assess the component 
of nasal obstruction (14). It is commonly used in otolaryngology 
practices to provide an objective measure of nasal obstruction. 
The instrument is brief and easy to complete, with minimal 
respondent burden. It consists of 5 questions seeking to rate 
the burden of nasal obstruction during the past month scored 
from 0 (not a problem) to 4 (severe problem) giving a score of 
between 0-20. It is well validated and has been used to measure 
quality of life improvements in nasal septal surgery, functional 
septorhinoplasty and nasal valve surgery with good effect (15-17). 
Visual analogue scales for nasal blockage, shape of the nose 
and overall nasal symptoms were completed on a scale of 0-10 
in terms of severity. Nasal inspiratory peak flow measurements 
were taken using a mini-wright peak flow meter and anaesthe-
tic facemask; the optimal recording of three serial measures in 
litres/minute was used.

Statistical analysis
Test-retest reliability of the SNOT-23 was assessed by matched 
responses at the initial and subsequent repeat questionnaires 
pre-operatively. The test of normality (Shapiro-Wilk) did not 
show normally distributed results therefore responsiveness 
to septorhinoplasty at three months was evaluated using the 
paired Wilcoxon test. In a subgroup of 18 patients, we also 
recorded the post-operative score after six months. The SNOT-23 
was correlated to the NOSE score, VAS scale and nasal inspiratory 
peak flow using Spearman regression. Comparison with the 
control group of 10 healthy individuals used the unpaired Mann-

Figure 1. Sino-Nasal Outcome Test-23 (SNOT-23). Our modification to the 

SNOT-22 involved adding the additional question regarding shape of the 

nose. Symptoms are rated from 0 (no problem) to 5 (problem as bad as 

it can be). The theoretical range of the measure is from 1 to 115, with a 

higher score indicating poorer nasal function or impact upon quality of 

life.
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Demographic Data Value

Total number 69

Age (mean ± SD), yr 34.5± 12.9

Sex, no, (%)

Male 46 (66.7)

Female 23 (33.3)

History & Co-Morbidites Data Value (%)

Nasal Trauma 73.9

Revision Surgery 29.0

Smoking 31.9

Allergic Rhinitis 15.9

Surgical Data Data Value

Surgical Technique (%)

External Approach 71.0

Endonasal Approach 29.0

Seniority of Surgeon (%)

Consultant 63.8

Specialist Registrar / Resident 36.2

Mean Follow-up (days) 99.08

Table 1. Demographic and clinical data.

Whitney U Test.

Results 
Population
Sixty-nine subjects (46 males, 23 females) were included in this 
study. The mean age was 34.5 years (± 12.9 years). The majority 
of patients underwent an external approach (71%) and the 
remainder (29%) underwent an endonasal approach. Twenty 
patients (29%) were revision cases, including sixteen external 
approach and four endonasal septorhinoplasties. Surgeries were 
carried out by the consultant (senior author) in 63.8% of cases 
and the remaining cases were performed by ear, nose and throat 
trainees under supervision (36.2%). The mean time to follow-up 
with questionnaire assessments was 99.08 days (i.e. 14 weeks). 
The demographic and medical data are summarized in Table 
1. Responses to all items were well distributed across response 
categories.

Test-Retest reliability
The test-retest reliability measures the stability of an instrument 
over time with repeated testing and was assessed for SNOT-23 
by administering the questionnaire to responders on two dif-
ferent occasions pre-operatively without subjects being able to 
see their previous responses. The degree of correlation between 
the two scores should be ≥ 0.7 to demonstrate good reliability. 
When the summary scores for both pre-operative questionnai-
res were matched, the test-retest reliability coefficient was 0.81 
indicating a good reliability (Figure 2).  

We also measured the test-retest coefficient for some of the 
individual disease specific questions. For question twenty two 
relating to nasal blockage the coefficient was 0.63 whereas for 
the twenty third question regarding shape of the nose the coef-
ficient was 0.78 suggesting that the question relating to shape 
of the nose was more reliable than blockage in septorhinoplasty 
patients.

Post operative outcome
The mean pre-operative score was 51.6 (± 26.2) and post-
operatively this was 25.7 (± 22.0). The impact of surgery upon 
SNOT-23 scores was highly significant (p < 0.0001) indicating 
a good responsiveness of SNOT-23 score to septorhinoplasty. 
Overall pre- and post-operative scores are summarised in Figure 
3. The overall post-operative score was improved in 91.3% of 
patients who underwent surgery. Patients with higher pre-

Figure 2. Test-Retest Reliability. The SNOT-23 was completed by patients 

in clinic (test) and again on the day of surgery (re-test). The figure shows 

the distribution of cumulative SNOT-23 scores along with mean and 

standard deviation distribution for both groups. r= correlation coef-

ficient.
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0.0001) as was the twenty third question relating to the shape of 
the nose (p < 0.0001). In eighteen patients repeated post-opera-
tive scores were measured again at six months after surgery and 
demonstrated continued improvement in scores (p = 0.071). 
There were a total of 5 (7.25%) complications, which were all ei-
ther epistaxis or surgical site infection graded as I or II according 

operative scores demonstrated the largest reduction in scores 
post-operatively i.e. the biggest improvement.

The responsiveness of specific questions of the SNOT-23 after 
surgery was also measured. The responsiveness of question 
twenty-two (nasal obstruction) was highly significant (p < 

Figure 3.  Post Operative Outcome. Pre-operative and post-operative 

SNOT-23 scores. The overall score improved significantly after septorhi-

noplasty (***P<0.0001). The mean pre-operative score is shown in black 

and the mean post-operative score is in white. Data presented as mean 

± standard deviation.

Figure 5. Correlation to Nasal Obstruction Symptoms Evaluation. 

Diagram shows high correlation between SNOT-23 scores (x-axis) and 

total score for NOSE questionnaire (y-axis). (Spearman r2= 0.8169; p < 

0.0001).

Figure 4. Correlation to visual analogue scale instrument. We found a 

high correlation between the SNOT-23 score and the VAS instrument, 

another quality of life instrument. (A) Correlation between overall 

SNOT-23 score (x-axis) and the scoring of global nose symptoms on a 

VAS instrument (y-axis) was high (Spearman r2= 0.7399).  (B) Correlation 

between item relating to shape of nose on SNOT-23 questionnaire 

(x-axis) and specific question regarding shape of nose on the VAS instru-

ment (y-axis) was also high (Spearman r2 = 0.9049).

Figure 6. Comparison to a control group. The ability of the SNOT-23 to 

detect ‘known group’ differences was assessed by comparing the pre-

operative study group to a control group of healthy volunteers. Using 

the unpaired U Mann-Whitney Test we found a significant difference 

(***p<0.0001) between the total SNOT-23 scores. Graph shows distribu-

tion of scores, mean and standard deviation. SRP = Septorhinoplasty.
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to the Clavien-Dindo classification system (18). There were no 
long-term sequelae recorded from any of these complications.

Correlation to other patient reported measures
The scores from the SNOT-23 were compared to correspon-
ding visual analogue scale (0-10) and the NOSE questionnaire 
cumulative scores.  Correlation between the overall SNOT-23 
score and the scoring of the global nose symptoms on the visual 
analogue scale showed a high correlation between SNOT-23 and 
visual analogue scale responses (Spearman r2 = 0.74). The corre-
lation between scores for shape of the nose on SNOT-23 and on 
the VAS was also high (Spearman r2 = 0.90). These findings are 
summarized in figure four. The cumulative score for the NOSE 
questionnaire (out of 20) was also found to correlate highly with 
total SNOT-23 scores (Spearman r2 = 0.82) suggesting this is 
measuring highly related parameters (Figure 5). 

Comparison to nasal inspiratory peak flow
Nasal inspiratory peak flow was our objective measure that was 
recorded before and after surgery. The mean pre-operative peak 
flow score was 87.8 (± 29.6) litres /minute and post-operatively 
it was 99.5 (± 39.6) litres / mean (p = 0.0328). There was no cor-
relation between improvement in nasal inspiratory peak flow 
readings and total SNOT-23 scores.

Comparison to a control group
The ability of SNOT-23 to reflect ‘known group’ differences was 
examined to help determine the measure’s validity. The 69 pre-
operative SNOT-23 scores were compared to a control group 
of 10 healthy volunteers and the results analysed using the 
unpaired Mann-Whitney U test.

The average age of the control group was 30.3 years (± 6.3 years) 
compared to the study group with an average age of 34.5 years 
(± 12.9). The average total SNOT-23 score in the control group 
was 10.4 (± 10.4) compared to 51.6 (± 26.2) in the pre-operative 
patients in the study group. There was a statistically significant 
difference (p < 0.0001) between the control group suggesting 
the SNOT-23 is a valid measure (Figure 6).

Discussion
This study evaluated 69 patients undergoing functional septor-
hinoplasty and demonstrated the feasibility and reliability of 
using the SNOT-23 in routine clinical practice. The SNOT-22 has 
already been shown to be a useful measure in septorhinoplasty 
to assess response to surgery with regards to generic quality of 
life measures and nasal obstruction (10). This study now shows 
that adding a question regarding the shape of the nose is valid, 
reliable and responsive to surgery. Total SNOT-23 scores were 
consistent with NOSE and VAS scores. Improvements noted in 
the shape of the nose were consistent with a visual analogue 

scale of the same symptom.

Patients were screened for co-morbid conditions. Our series in-
cluded a high rate of traumatic (73.9%) and revision cases (29%), 
which is consistent with data from similar studies (12). The rate 
of allergic rhinitis was 15.9% in our series which is slightly lower 
than the rate in the general population where it is considered to 
be between 19-23% (19). This may falsely improve our results, alt-
hough it should be noted that in normal circumstances allergic 
rhinitis should be fully treated prior to considering a patient for 
septorhinoplasty. The rate of smokers (31.9%) was considerably 
higher than in the general population according to current 
estimates (20).

There were a total of six patients who failed to demonstrate 
an improvement in their total SNOT-23 scores at three months 
post-operatively. Amongst these, four of the patients had subse-
quent six month follow-up scores available which were equiva-
lent or better than their pre-operative score. These patients all 
scored lower on the blockage and shape domains of the instru-
ment at six months post-operatively suggesting other non-
disease specific reductions in quality of life were influencing 
their scores. In the remaining two patients the post-operative 
scores were only taken at six and eight weeks and they have yet 
to attend further long-term follow-up. Although post-operative 
scores were ideally taken at three months after septorhinoplasty, 
the nature of clinic appointment scheduling dictated that some 
patients were seen at less than three months. In theses cases the 
on going healing process and resolution of inflammation may 
still have a negative impact on the true assessment of longer-
term surgical outcome measurement when using this tool.

The objective measurement of nasal airway patency used in 
this study was nasal inspiratory peak flow. We found general 
improvements in readings post operatively, which is consistent 
with other similar studies (8,17) suggesting overall improvement 
in nasal obstruction. However these studies do not correlate 
improvement of objective scores with improvement in quality 
of life measures, when this was performed in our study we 
actually found no correlation. Objective measures of nasal 
patency (nasal peak flow, rhinomanometry, acoustic rhinome-
try) have limitations in the clinical setting (21,22) and although 
they provide an objective measure they reflect only one aspect 
of the disease. Our study provides further evidence that they 
do not encompass other aspects of the disease, and therefore 
may be of limited overall clinical value as a measure of outcome. 
Other problems with such objective outcome measures include 
cost, maintenance of equipment and appropriate staff training. 
Questionnaires are a simple and cheap method that can assist 
the surgeon in selecting patients for surgery and providing 
reliable follow-up with good compliance. They are repeatable 
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and the numerical representation of the test results allows for 
easy visualisation and comparison of outcomes after treatment. 
Being disease specific, the SNOT 23 allows the most important 
aspects of the disease that affects the patient to be recorded 
which can subsequently help the surgeon to best meet the 
patient’s expectations (2).

In recent years, there has been a great expansion in the number 
of instruments used to measure patient reported outcomes. 
They are likely to play an increasingly important measure of 
quality of healthcare services and may form part of commis-
sioning of services in rationed healthcare systems such as in the 
UK (3). The nasal obstruction symptom effectiveness score (NOSE) 
and the rhinoplasty outcomes evaluation (ROE) score have been 
applied to assess outcomes in functional rhinoplasty (12,13,23,24) 
but these tools do not fully evaluate general health, emotional 
or psychological aspects. SNOT-22 has been widely adopted 
in rhinosinusitis and sinus surgery (6,7,25) and is widely regarded 
as the most useful sinonasal outcome scoring system (4,5). Its 
validity has been demonstrated in septal surgery (26,27) and a 
number of recent studies have demonstrated its responsiveness 
to septorhinoplasty (8,10,17). 

Despite the evidence available to date and the increasing influ-
ence of patient reported outcome measures there has not been 
a widespread adoption of a single, reliable instrument to assess 
and follow-up patients undergoing septorhinoplasty surgery. 
This may be partially attributable to the lack of specificity to 
septorhinoplasty surgery that is conferred by the SNOT-22 as it 
only addresses disease specific symptoms of nasal obstruction 
and not the shape of the nose. Our modification to create the 
SNOT-23 provides a single, specific, reliable and easy to perform 
instrument that could become invaluable in septorhinoplasty 
surgery to fully assess outcome.  We acknowledge that the post-
operative outcomes may be attributable to nonsurgical factors 
such as the natural course of the disease or psychological issues 
(28).

In order to evidence subjective measures of nasal symptoms 
in the outpatients clinic there is currently a requirement to use 
a variety of tools within one clinic such as the rhinoplasty out-
comes evaluation and SNOT-22. Whilst some of the symptoms 
evaluated by the questionnaire appear to be of little relevance 
to our patient group (cough, ear fullness and dizziness) other 

questions such as embarrassed, irritable and nasal blockage 
have been shown to improve after surgery (10). The addition of a 
question regarding the shape of the nose has also been shown 
by this study to improve considerably after surgery. The sug-
gestion is that by encompassing a large range of symptoms they 
cover other feelings contributing towards aspects of the nasal 
problem. Given the widespread adoption of the SNOT-22 to 
routine clinical practice for rhinosinusitis, the SNOT-23 could be-
come a single, easy to use instrument in the outpatients setting 
to help manage all rhinology patients without the need for the 
multiple, disease specific and generic questionnaires that are 
currently available for different rhinology conditions. It has been 
shown to be reliable, valid and responsive to treatment.
 
Conclusion
Overall the SNOT-23 score improved significantly in patients 
undergoing septorhinoplasty surgery and the addition of a 
question regarding the shape of the nose has been shown to 
be clinically relevant, valid and reliable. The tool also showed 
good correlation with other disease specific outcome measu-
res. Further evaluation across more surgical centres is required 
to fully validate the tool and determine what exactly confers 
outcome. Provided that the twenty-third item does not affect 
validity in rhinosinusitis patients, SNOT-23 could become the 
universal rhinology tool. The score is easy to perform, interpret 
and implement in routine clinical practice, and adds a subjective 
yet valid and reliable dimension to the objective measurements.
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