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Assessment of treatment efficacy and outcomes 
in rhinoplasty can be implemented using a 
variety of objective or subjective measures.  

A well-recognized criticism of objective outcome 
measures in rhinoplasty is the frequent and often sig-
nificant divergence between objectively quantifiable 
measurements and subjective patient-reported out-
comes.1 As a result, subjective quality-of-life (QOL) 
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Background: Currently, there is no validated quality-of-life instrument that 
evaluates both functional and aesthetic outcomes after rhinoplasty. The 
goal of this study was to develop and validate a comprehensive quality-
of-life instrument to assess patient satisfaction with both functional and 
aesthetic outcomes after rhinoplasty.
Methods: The study was designed as a prospective instrument valida-
tion study at a university-affiliated academic medical center. Inclusion 
criteria included patients with nasal obstructive symptoms, nasal aes-
thetic deformity, or both, who underwent functional and/or aesthetic 
rhinoplasty by a single surgeon between December 2014 and June 2015.  
A novel 10-item instrument (the Rhinoplasty Health Inventory and Na-
sal Outcomes [RHINO] scale) was developed to assess physical, mental, 
and social well-being after functional and/or aesthetic rhinoplasty. In-
strument validation was performed by assessment of test–retest reliabil-
ity, internal consistency reliability, construct validity, and concurrent 
validity.
Results: Twenty-two patients (10 males and 12 females) were enrolled. 
Mean age was 34.9 years (range: 18–67 years). All patients were followed 
for a minimum of 12 weeks (range: 12–23 weeks; mean: 16.5 weeks). Mean 
RHINO score was 51.4 ± 13.8 on the first preoperative evaluation and 
51.7 ± 12.5 when repeated preoperatively on the day of surgery (r = 0.94; 
P < 0.001). Internal consistency demonstrated Cronbach’s α value of 0.74. 
Mean postoperative RHINO score was 84.7 ± 14.1 (mean difference from 
preoperative RHINO = 33.2 ± 18.9; P < 0.001).
Conclusions: The RHINO instrument demonstrates robust reliability 
and validity in assessing patient-reported satisfaction with rhinoplasty 
outcomes. (Plast Reconstr Surg Glob Open 2016;4:e611; doi: 10.1097/
GOX.0000000000000592; Published online 4 February 2016.)
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instruments have assumed an increasingly prevalent 
role in the assessment of outcomes after nasal sur-
gery. This is intuitive to cosmetic nasal surgery as 
patient satisfaction is the most critical indicator of a 
successful outcome but is also equally as applicable 
to functional rhinoplasty.

To this end, various QOL instruments have been 
developed to assess patient-reported outcomes after 
nasal surgery. Two of the most widely applied instru-
ments include the Nasal Obstructive Symptom Eval-
uation (NOSE) scale and the Rhinoplasty Outcomes 
Evaluation (ROE) scale.2,3 The former has been 
used to study outcomes of functional rhinoplasty 
procedures and to create a severity scale for nasal 
obstruction.4–6 Studies using the latter scale, namely 
measuring aesthetic outcomes, have been much less 
common. It is interesting to note that both these val-
idated instruments have segregated the assessment 
of aesthetic and functional outcomes after nasal sur-
gery. In many ways, this is an artificial distinction as 
it is well accepted that nasal function and aesthetics 
are closely related.

It is evident that to achieve successful results af-
ter rhinoplasty, patients must report satisfaction with 
both functional and aesthetic outcomes. The goal of 
this study was to develop and validate a comprehen-
sive QOL instrument to assess patient satisfaction 
with functional and aesthetic outcomes after rhino-
plasty.

METHODS

Patients
This prospective instrument validation study was 

performed at Stanford University, after approval by 
the Stanford Institutional Review Board. All patients 
were consented for the study using an informed con-
sent document reviewed and approved by the Stan-
ford Institutional Review Board. Data were obtained 
prospectively by consecutive enrollment of patients 
evaluated and treated by the single surgeon (S.P.M.). 
The study period extended from December 2014 to 
June 2015, during which time surgeries were per-
formed by the senior author, and patients were fol-
lowed for a minimum of 3 months postoperatively. 
Inclusion criteria included (1) patient aged 18 years 
or older; (2) patient presenting complaint of nasal 
obstruction, nasal aesthetic deformity, or both; and 
(3) patients who are appropriate candidates for 
functional or aesthetic rhinoplasty. Exclusion crite-
ria included (1) patient aged younger than 18 years 
and (2) patients who were planned for functional or 
aesthetic rhinoplasty in combination with concur-
rent sinus surgery or sleep apnea surgery.

Instrument Development and Validation
The World Health Organization has defined 

health as a state of physical, mental, and social well-
being.7 Accordingly, measurements of these 3 do-
mains have been targeted by health-related QOL 
instruments. The Rhinoplasty Health Inventory and 
Nasal Outcomes (RHINO) scale was correspond-
ingly developed as a 10-item questionnaire to evalu-
ate outcomes in these 3 health domains. In addition, 
the RHINO scale assesses each of these 3 domains 
as it specifically pertains to either nasal function or 
aesthetics, with equal halves (5 items each) divided 
between the 2. Each item in the survey is scored on a 
Likert scale from 1 to 5, with high numbers indicat-
ing greater satisfaction. The 10-item scores are then 
summated and multiplied by 2, to create a final score 
on a 100-point scale. The RHINO instrument is dem-
onstrated in Figure 1.

Patients enrolled in the study were asked to 
complete the RHINO instrument on 3 separate oc-
casions: (1) preoperatively at the consultation visit, 
(2) preoperatively on the day of surgery, and (3) 
postoperatively approximately 3 months after sur-
gery. Statistical analysis was completed using SPSS 
version 22.0 (IBM Corp., Armonk, N.Y.). Test–
retest reliability was assessed via Pearson’s corre-
lation coefficient. Internal consistency reliability 
was assessed via Cronbach’s α, a statistical tool that 
determines the correlation of items in a survey in-
strument and is commonly used to estimate the 
reliability of psychometric tests. Construct valid-
ity was confirmed by analyzing responsiveness to 
change by comparison of preoperative and post-
operative RHINO scores via paired samples t-test. 
Concurrent validity was assessed by cross-referenc-
ing patient RHINO scores for functional items with 
NOSE scores obtained at the same visit, using Pear-
son’s correlation coefficient.

RESULTS

Patients
A total of 22 patients (10 males and 12 females) 

who met all inclusion criteria were enrolled in the 
study. Patient age ranged from 18 to 67 years, with 
an average age of 34.9 years. All patients were fol-
lowed for a minimum of 3 months postoperatively. 
Follow-up time ranged from 12 to 23 weeks, with 
an average of 16.5 weeks. Of the 22 nasal surgeries,  
8 (36.4%) were performed for functional indi-
cations, 4 (18.2%) for aesthetic indications, and 
10 (45.5%) for a combination of functional and 
aesthetic indications. Seven patients (31.8%) had 
a documented history of prior nasal fracture/
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trauma. Septoplasty surgery was performed in 17 
(77.3%) cases. Five (22.7%) were performed us-
ing L-strut septoplasty technique, and 12 (54.5%) 
were performed using a modified extracorporeal 
septoplasty technique (anterior septal reconstruc-
tion) as previously described by the senior author.8 
Eight of the 22 surgeries (36.4%) were revision 
cases, that is, secondary septorhinoplasty patients 
who had initial nasal surgery performed else-
where. Four patients (18.2%) underwent harvest 
of autologous rib cartilage for grafting purposes. 
There were no surgical complications identified in 
the study period. Patient data are summarized in 
Table 1.

Instrument Reliability and Validity Assessment
All 22 patients completed the test–retest reliabil-

ity portion of the validation process. The average 
RHINO score was 51.4 ± 13.8 on the first preopera-
tive evaluation and 51.7 ± 12.5 when repeated preop-
eratively on the day of surgery. Test–retest reliability 
was evaluated via Pearson’s correlation coefficient 
(r = 0.94; P < 0.001), with results indicating statisti-
cally significant reliability and reproducibility. Inter-
nal consistency reliability was assessed by calculating 
Cronbach’s α coefficient, with an α > 0.70 gener-
ally considered acceptable for instrument reliabil-
ity.9 Analysis of internal consistency for the entire 
10-item inventory demonstrated adequate internal 

Please indicate your degree of satisfaction with the items listed below: 

1. Overall attractiveness of 
your nose

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied Neutral Somewhat 

Satisfied
Very 

Satisfied

2. Ability to breathe through 
your nose during normal 
activity

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied Neutral Somewhat 

Satisfied
Very 

Satisfied

3. Proportionality of your
nose

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

4. Ability to breathe through 
your nose without 
conscious effort or strain

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

5. Symmetry of your nose
1 2 3 4 5

Very 
Dissatisfied

Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

6. Ability to breathe through 
your nose during exercise

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

7. Effect of nasal 
appearance in your work
life

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

8. Ability to breathe through 
your nose during sleep

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

9. Approval of the 
appearance of your nose
by friends and family

1 2 3 4 5
Very 

Dissatisfied
Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

10. Sense of smell
1 2 3 4 5

Very 
Dissatisfied

Somewhat 
Dissatisfied

Neutral Somewhat 
Satisfied

Very 
Satisfied

Fig. 1. The RHINO scale.
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consistency, with α = 0.74. When the functional and 
aesthetic items were assessed separately, α = 0.92 for 
the 5 functional items and α = 0.89 for the 5 aes-
thetic items. Reliability assessment results are sum-
marized in Table 2.

Construct validity was evaluated by calculating 
the responsiveness to change after nasal surgery. 
The mean preoperative averaged RHINO score was 
51.6 ± 13.0 when compared with a mean postopera-
tive RHINO score of 84.7 ± 14.1. The difference be-
tween preoperative and postoperative scores ranged 
from −1 to 61, with a mean difference of 33.2 ± 18.9. 
A paired samples t-test was performed comparing 
the averaged preoperative RHINO scores with the 
postoperative RHINO score, demonstrating a statis-
tically significant increase in scores postoperatively 

(P < 0.001). To determine concurrent validity of the 
RHINO scale with the current gold standard NOSE 
scale, RHINO scores for the 5 functional items ob-
tained at the first preoperative visit were cross-ref-
erenced with NOSE scores obtained at the same 
visit. Of the total 22 patients, 21 had preoperative 
NOSE and RHINO data available for data analysis. 
The mean preoperative functional RHINO score for 
the 21 patients was 25.1 ± 12.4, and the mean NOSE 
score was 11.2 ± 5.7. Pearson’s correlation coefficient 
demonstrated a statistically negative correlation  
(r = −0.85; P < 0.001) between RHINO and NOSE 
scores, indicating significant concurrent validity. As 
a point of additional clarification, the correlation co-
efficient was negative due to the fact that the RHINO 
and NOSE instruments were designed on inversely 
related scales, that is, high NOSE scores that indicate 
a high degree of nasal obstruction will correspond to 
low RHINO scores that indicate poor nasal function. 
Results are summarized in Table 3.

DISCUSSION
The aim of this study was to develop and validate 

a comprehensive QOL health instrument to assess 
patient satisfaction and outcomes after rhinoplasty. 
Currently, the gold standard QOL instrument for 
nasal surgery is the NOSE scale, as first described by 
Stewart et al.2 Notably, this instrument focuses on the 
assessment of nasal obstructive symptoms alone, and 
such its application is relatively limited with regard 
to surgery performed for primarily aesthetic or com-
bined functional/aesthetic indications. The ROE 
scale is a complementary QOL instrument initially 
developed and validated by Alsarraf et al,3 with a fo-
cus on aesthetic outcomes after nasal surgery. In an 
analogous but reciprocal fashion to the NOSE scale, 
the ROE focuses solely on aesthetics to the exclu-
sion of nasal functional evaluation. The NOSE scale 
has been much more widely adopted than the ROE 
instrument, though use of the ROE is increasingly 
as evidenced in several recent outcomes studies.10–12  
As a consequence, we have much more data regard-
ing outcomes with regard to function and little with 
regard to aesthetics. Likewise, we have even fewer 
examples of concurrent study of both. Our goal is to 
integrate nasal outcomes studies to include both do-

Table 1.  Patient Data

Patients (n)
 � Total 22
 � Male 10
 � Female 12
Age
 � Average 34.9
 � Range 18–67
Follow-up (wk)
 � Average 16.5
 � Range 12–23
Surgical indication
 � Functional 8
 � Aesthetic 4
 � Combination 10
Procedure type
 � Primary 14
 � Revision 8
 � L-strut septoplasty 5
 � ASR 12
 � Rib cartilage graft 4
ASR, anterior septal reconstruction.

Table 2.  Reliability Assessment

Test–retest reliability
 � First preoperative score 51.4 ± 13.8
 � Second preoperative score 51.7 ± 12.5
 � Pearson’s coefficient (r) 0.94
 � P value <0.001
Internal consistency reliability
 � Items tested Cronbach’s α
 � All items 0.74
 � Functional items only 0.92
 � Aesthetic items only 0.89

Table 3.  Validity Assessment

Construct Validity (Responsiveness to Change)
Mean preoperative score Mean postoperative score Mean change P value
51.6 ± 13.0 84.7 ± 14.1 33.2 ± 18.9 <0.001
Concurrent Validity
Mean Preoperative Functional RHINO Score  

at First Visit
Mean Preoperative NOSE Score  

at First Visit
Pearson’s Coefficient (r) P value

25.1 ± 12.4 11.2 ± 5.7 −0.85 <0.001
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mains, as both are acknowledged as of critical import 
in any type of rhinoplasty, functional or aesthetic.

The segregation of functional and aesthetic out-
come assessment is a significant limitation to both 
the aforementioned QOL instruments. Decades of 
experience with rhinoplasty have demonstrated that 
the function and aesthetics of the nose are insepara-
bly related.13 Aesthetic complaints, such as collapse or 
narrowing of the middle vault after a reductive rhino-
plasty, will often present concurrently with functional 
nasal obstructive complaints. Similarly, functional 
correction of nasal valve compromise while simul-
taneously creating an aesthetically unacceptable ap-
pearance will almost universally result in poor patient 
satisfaction and by extension a poor outcome.

As such, a validated QOL instrument that com-
prehensively evaluates patient satisfaction with both 
nasal function and aesthetics is paramount to an 
adequate assessment of outcomes after rhinoplasty. 
As the limitations of objective measures of nasal 
function are well-documented, patient-reported out-
come measures, that is, subjective QOL instruments, 
have become the current standard for outcome as-
sessment in nasal surgery.1

Despite this, a recent review of the literature by 
Rhee et al14 demonstrated that only 14% of published 
functional rhinoplasty outcome studies involved the 
use of a validated patient-reported questionnaire. 
This inadequacy is equally manifest in the aesthetic 
rhinoplasty literature, as most outcome studies uti-
lize qualitative assessments of either patient or physi-
cian satisfaction with surgical results.3 That there are 
so few outcomes studies that have utilized validated 
patient-reported outcome measures is interesting, in 
light of the fact that patient satisfaction is the pri-
mary goal in aesthetic surgery.3

In this study, we have developed and validated a 
unified scale assessing both functional and aesthetic 
patient-reported outcomes after rhinoplasty. This in-
strument demonstrated a high level of reliability and 
validity. Test–retest assessment showed significant 
reliability of scores when administered on separate 
days and in different settings, that is, in an outpa-
tient clinic setting versus the preoperative holding 
area. The 10-item questionnaire was found to be in-
ternally consistent by Cronbach’s α, both when as-
sessed as a whole and when assessed separately for 
the functional and aesthetic items. The RHINO scale 
was found to have appropriate construct and concur-
rent validity, as assessed by a statistically significant 
responsiveness to change and a high level of correla-
tion between the functional item responses and the 
current gold standard, the NOSE scale.

The versatility of the RHINO scale becomes appar-
ent when assessing patients in whom satisfaction with 

functional or aesthetic outcomes may be divergent 
from the overall satisfaction reported after surgery. 
In these patients, evaluating outcomes using a unidi-
mensional functional or aesthetic QOL instrument 
may not correlate with the overall patient-reported 
outcome. As a case in point, this is exemplified in 
one patient in this study who expressed ambivalence 
regarding his surgical outcome (the sole patient in 
the study who reported a net negative change in his 
RHINO score after nasal surgery). His postoperative 
RHINO score was decreased by −1 compared with 
his preoperative average. Interestingly, when view-
ing the functional items in isolation, his score was 
slightly increased from a preoperative average of 26 
to a postoperative score of 40. However, his aesthet-
ic score decreased from a preoperative average of  
27 to a postoperative score of 12. Overall, the patient 
related that his improvement in nasal obstruction 
was counterbalanced by his disappointment with 
his aesthetic appearance. Utilization of a unidimen-
sional QOL instrument would not have revealed  
a comprehensive or accurate assessment regarding 
the patient’s overall self-reported outcome and satis-
faction with surgery. This exemplifies why a unified 
functional and aesthetic scale is critical for the assess-
ment of surgical outcomes after rhinoplasty.

One relative limitation of this study is the small 
sample size of patients enrolled. Fortunately, this 
did not meaningfully affect our validation analysis, 
as the reliability and validity of the RHINO scale was 
found to be quite robust by all statistical measures 
performed. Additionally, the current study’s sample 
size of 22 patients compares favorably to the stan-
dards set by previously published validations studies, 
including an n = 21 in the NOSE validation study 
and an n = 26 for the ROE validation study.2,3

In summary, this study reports the development 
and validation of a novel disease-specific QOL instru-
ment pertaining to functional and aesthetic rhino-
plasty. Statistical analyses in a sample of 22 patients 
demonstrate the RHINO scale to be both statistically 
reliable and valid in assessing patient-reported satisfac-
tion with rhinoplasty outcomes, as assessed by test–re-
test reliability, internal consistency reliability, construct 
validity, and concurrent validity. The use of this statisti-
cally validated instrument is recommended for future 
studies evaluating outcomes after rhinoplasty.
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