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Abstract
Introduction:  Nasal  obstruction  is  one  of  the  most  frequent  otolaryngologic  complaints;  and
the collapse  of  the  internal  nasal  valve  is  one  the  main  causes  of  the  nasal  air  flow  obstruction.
Objective:  We  aimed  to  evaluate  internal  nasal  valve  by  using  reformatted  CT-scans  pre-  and
post- rhinoplasty  at  3  months  and  to  assess  its  correlation  to  symptomatic  improvement  of  nasal
obstruction  using  the  NOSE  scale.
Methods:  A  prospective  observational  study  was  conducted  between  March  2017---May  2018  in  a
tertiary care  otorhinolaryngology  center.  We  included  patients  suffering  from  nasal  obstruction
secondary  to  internal  nasal  angle  collapse  and  nasal  deformity.  Patients  with  sinusitis,  nasal
polyposis, and  nasal  masses  were  excluded.
Results:  Twenty  consecutive  patients  underwent  rhinoplasty,  with  a  mean  age  (22.2  ±  2.8),  with

majority  of  males  (n  =  14;  70%).  There  was  no  significant  correlation  between  pre-  and  post-  CT-

scans of  the  internal  nasal  valve  angle/area  and  NOSE  scores.  A  high  significant  difference  was
detected  between  mean  pre-  and  post-  NOSE  scores  (p  <  0.0001),  which  was  absent  in  CT-scan
results.
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Conclusion:  Reformatted  CT-scans  measurements  of  internal  nasal  valve  area  and  angle  were
not of  value.  NOSE  scores  pre-  and  post-  rhinoplasty  had  a  significant  value  to  determine  degree
of obstructive  symptom  improvement.
©  2019  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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Avaliação  do  ângulo  e  da  área  da  válvula  nasal  interna  por  tomografia
computadorizada  e  sua  correlação  com  a  escala  NOSE  na  melhora  sintomática  pós
rinoplastia

Resumo
Introdução:  A  obstrução  nasal  é  uma  das  queixas  otorrinolaringológicas  mais  comuns,  e  o
colapso ou  obstrução  da  válvula  nasal  interna  é  a  principal  causa  da  obstrução  das  vias  aéreas
nasais.
Objetivo: Objetivamos  avaliar  a  válvula  nasal  interna  pré,  e  3  meses  pós-rinoplastia  utilizando
tomografias  computadorizadas  reformatadas  e  avaliar  sua  correlação  com  a  melhora  do  sintoma
obstrutivo utilizando  a  escala  NOSE,  do  Inglês  Nasal  Obstruction  Symptom  Evaluation.
Método:  Um  estudo  observacional  prospectivo  foi  realizado  entre  março  de  2017  e  maio  de
2018 em  um  centro  de  otorrinolaringologia  de  atenção  terciária.  Foram  incluídos  pacientes  que
apresentavam  obstrução  nasal  secundário  a  colapso  da  valva  nasal  interna  e  deformidade  nasal.
Pacientes  com  sinusite,  polipose  nasal  e  tumores  nasais  foram  excluídos.
Resultados:  Vinte  pacientes  consecutivos,  a  maioria  do  sexo  masculino  (n  =  14;  70%)  com  média
de idade  de  22,2  ±  2,8  anos,  foram  submetidos  a  rinoplastia  eincluídos  no  estudo.  Não  houve
correlação significante  entre  as  avaliações  tomográficas  pré  /  pós  cirúrgicas  do  ângulo/área
da valva  nasal  interna  e  os  escores  NOSE.  Foi  detectada  uma  diferença  altamente  significante
entre os  escores  médios  da  escala  NOSE  entre  o  pré  e  pós-operatório  (p  <  0,0001),  mas  não  nos
resultados  da  avaliação  por  tomografia  computadorizada.
Conclusão:  As  medidas  reformatadas  de  tomografias  computadorizadas  da  área  e  ângulo  da
valva nasal  interna  pré  e  pós  cirúrgicas  não  tiveram  valor.  Entretanto,  os  escores  da  escala  NOSE
pré e  pós-rinoplastia  mostraram  uma  diferença  significante  ao  determinar  o  grau  de  melhora
do sintoma  obstrutivo.
© 2019  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este é  um  artigo  Open  Access  sob  uma  licença  CC  BY  (http://
creativecommons.org/licenses/by/4.0/).

I

N
o
l
m
r
m
o
F
w
o
r
a
o
l
I
b

t
s
g

f
r
g
r
e
c
h
u
b
i
p
e
C
q
c
b
p
u

ntroduction

asal  obstruction  is  one  of  the  most  common  complaints
f  patients  in  Otorhinolaryngology  (ORL)  medicine.1 Col-
apse  or  obstruction  of  the  Internal  Nasal  Valve  (INV)  is
ostly  the  cause  of  nasal  airway  obstruction.2,3 Airflow

esistance  is  very  essential  during  breathing  for  good  pul-
onary  function.  The  INV  is  considered  the  narrowest  part

f  nasal  airway,  hence,  has  the  greatest  resistance  flow.2

ifty  percent  of  total  airway  resistance  is  from  nasal  air-
ay  resistance,  which  mostly  occurs  in  the  anterior  part
f  nose  which  called  INV.4 Anatomically,  the  INV  is  located
oughly  1.3  cm  from  nares  and  is  bordered  by  septum  medi-
lly,  by  upper  lateral  cartilages  laterally,  and  by  anterior  end
f  inferior  turbinate  inferiorly  and  nose  floor.5 It  is  a  slit-
ike  opening;  its  cross-sectional  area  is  about  55---65  mm.6---8

n  asymptomatic  people,  The  INV  angle  is  about  10◦---15◦

etween  upper  lateral  cartilage  and  septum.3,9,10
The  INV  is  a  remarkably  significant  area  for  ORL  surgeons
o  correctly  evaluate  before  rhinoplasty  and/or  septoplasty
urgery  for  patients  with  nasal  obstruction.  Different  sur-
ical  techniques  are  used  to  correct  INV  collapse  during

i
e
C
e

unctional  rhinoplasty,  which  may  include  partial  infe-
ior  turbinectomy,  septoplasty,  and  placement  of  spreader
rafts,  which  is  one  of  the  most  effective  methods  of  cor-
ecting  nasal  obstruction.11 Despite  many  studies  which  have
valuated  the  functional  and  anatomical  analysis  of  nasal
avity,  a  standard  accurate  measure  of  nasal  obstruction
as  not  yet  been  verified.4,12 No  gold  standard  test  is  being
sed  nowadays  to  diagnose  INV  obstruction.5 Many  tools  have
een  used  in  evaluation  of  nasal  resistance  and  INV,  includ-
ng  rhinomanometry  and  acoustic  rhinometry,  however,  they
ossess  the  limitations,  of  lacking  reliability  and  requiring
xpensive  equipment.6,7,13 To  overcome  these  limitations,
omputed  Tomography  (CT)  scans  and  Quality  Of  Life  (QOL)
uestionnaires  have  been  used  to  assess  implication  and  out-
omes  of  ORL  surgeries  for  nasal  valve  collapse.  CT-scan  has
een  suggested  as  an  objective  tool  to  measure  INV  anatomy
re-  and  post-operatively.14,15 However,  it  was  found  that
sing  the  conventional  coronal  imaging  plane  does  not  result

n  sufficient  evaluation  of  INV.  Cakmak  et  al.16 and  Poetker
t  al.,17 suggest  that  INV  angle  may  be  better  assessed  when
T-scans  are  reformatted  to  a  plane  perpendicular  to  the
stimated  acoustic  axis.16,17 These  studies  confirm  that  CT
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CT-scan  evaluation  of  INV  and  its  correlation  with  NOSE  scal

may  be  a  worthy  tool  in  objectively  evaluating  outcomes  of
functional  nasal  surgeries..

Stewart  et  al.  developed  and  validated  the  Nose  Obstruc-
tion  Symptom  Evaluation  (NOSE)  scale  as  a  symptomatic
improvement  quality  of  life  scale,  to  be  used  in  evalua-
tion  of  INV  obstruction.1 The  NOSE  scale  was  reported  in
studies  as  a  useful  tool  for  assessing  INV  pre-  and  post-
surgeries.18---20 Proper  preoperative  evaluation  of  the  INV
is  critical  to  the  workup  decisions  developed  for  repair  of
this  area’s  problems.  Asking  a  patient  to  do  a  CT  scan
for  INV  angle/area  preoperative  can  provide  the  ORL  sur-
geon  with  upgraded  anatomical  information  to  evaluate
the  INV.21 To  fill  this  void  for  knowing  which  is  the  best
evaluation  tool  to  be  used  before  and  after  rhinoplasty,
we  uniquely  evaluated  theINV  area  and  angle  using  refor-
matted  CT-scans,  and  thencompared  its  results  to  NOSE
scores  scale  for  assessing  symptomatic  improvement  of
patients  undergoing  rhinoplasty  for  nasal  obstruction  plus
nasal  deformity  pre-  and  post-  rhinoplasty.  Targeting  the
detection  of  the  most  effective  tools  for  evaluation  of  INV
before  rhinoplasty  and  for  followup  after  surgery  can  be
instructive.

Methods

Patients  and  data  collection

We  performed  a  prospective  observational  cohort  study  of
twenty  consecutive  patients  from  March  2017  till  May  2018,
who  underwent  rhinoplasty  surgery  at  the  Otorhinolaryn-
gology  department  in  Ain  Shams  University  Hospital,  Cairo,
Egypt.  Institutional  Review  Board  approval  was  received
from  Vice  Dean  of  Medical  Ethics  Committee  of  Faculty
of  Medicine  Ain  Shams  University  for  Graduate  Studies  and
Research.  All  patients  signed  informed  written  consent  with-
out  receiving  any  stipend,  and  they  were  informed  about
study  requirements  according  to  World  Medical  Association
Declaration  of  Helsinki  (version  2002).  All  patients  agreed
to  undergo  a  CT-scan  of  the  nose  pre-rhinoplasty  and  three
months  post-rhinoplasty.  Complete  ORL  examination  and
endoscopic  assessment  of  the  nose  was  completed  in  all
patients  prior  to  surgery.  Inclusion  criteria  were  as  follows:
male  and  female  patients  with  range  20---50  years  old,  nasal

obstruction  secondary  to  internal  nasal  valve  collapse,  nasal
deformity,  and/or  inferior  turbinate  hypertrophy,  and/or
deviated  nasal  septum.  Exclusion  criteria  were  as  follows:
sinusitis,  nasal  polyposis,  and  nasal  masses.

o
u
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f

Figure  1  Sagittal  reformatted  computed  tomographic  view  of  nas
and physiologic  nasal  airflow.
345

easuring  tools

eformatted  coronal  CT-scans  of  INV  area/angle  were
equested  at  a  plane  perpendicular  to  the  anterior  aspect
f  acoustic  axis.  Acoustic  axis  is  determined  on  a  sagittal
eformatted  image  based  on  results  of  Cakmak  study,16 who
evealed  that  axis  passes  through  the  center  of  nasal  passage
n  an  arc  (Fig.  1).  Functional  septorhinoplasty  was  done  with
preader  graft  insertion  in  most  of  the  patients.

We  measured  the  INV  cross-sectional  area  and  valve  angle
hrough  a  standardized  section  (1  mm  cut,  immediately
nterior  to  head  of  inferior  turbinate)22 from  reformatted
cans  as  shown  in  one  case  of  our  patients  (Fig.  2A---D).  All
atients  were  asked  to  complete  NOSE  scale  questionnaire
efore  and  3  months  after  surgery.  Sums  of  the  answers  were
ultiplied  by  five  out  of  a  total  score  of  a  100.1,19

tatistical  analysis

he  statistician  who  performed  statistical  analysis  was
linded  and  uninvolved  with  clinical  record  or  radiologic
nalysis.  All  data  were  collected,  coded,  tabulated  and  ana-
yzed  using  SPSS  version  24.0  software  (IBM  Corp.  Released
016.  IBM  SPSS  Statistics  for  Windows,  Armonk,  NY:  IBM
orp).

ample  characteristics

ata  were  normally  distributed,  therefore,  mean  and
tandard  Deviation  (SD)  were  calculated  for  parametric
umerical  data,  while  frequency  and  percentage  for  non-
umerical  data.  A  Shapiro---Wilk’s  test  (p-value  >  0.05)23 and
isual  inspection  of  their  normal  Q-Q  plots  and  box  plots
howed  that  the  post  nasal  scores  were  approximately  nor-
ally  distributed  for  both  males  and  females,24 with  a

kewness  of  0.591  (Standard  Error  ---  SE  =  0.597)  and  a  kur-
osis  of  −0.108  (SE  =  1.154)  for  the  males  and  a  skewness  of
.857  (SE  =  0.845)  and  a  kurtosis  of  −0.300  (SE  =  1.741)  for
he  females  (Supplementary  Fig.  S1).25

Pearson  correlation  coefficient  (r)  was  used  to  assess
trength  of  association  between  INV  angle  and  area  mea-
ures  from  each  nares  and  average  of  both  sides  with  NOSE
cores  measurements  to  define  the  strength  and  direction

f  the  linear  relationship  between  them.  Student  t  test  was
sed  to  assess  statistical  significance  of  difference  between
wo  study  group  means.  All  reported  p-values  originated
rom  two-sided  tests  with  statistical  significance  defined  as

al  cavity.  The  yellow  line  indicates  the  estimated  acoustic  axis
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Table  1  Demographic,  symptomatic,  and  clinical  features  of  included  20  patients.

Patient
code

Age
(years)

Sex Indication  for  rhinoplasty  Preoperative  Postoperative

Post-traumatic
(Yes/No)

Revision
(Yes/No)

NOSE
score

INV  area  (mm2)  INV  angle  (degree) NOSE
score

INV  area  (mm2)  INV  angle  (degree)

Lt.  side  Rt.  side  Lt.  side  Rt.  side  Lt.  side  Rt.  side  Lt.  side  Rt.  side

P1  23  F  No  Yes  55  170.1  140.4  11.7  9.1  35  132.2  133.0  12.1  15.0
P2 20  M  Yes  No  75  73.7  230.5  8.7  9.1  45  79.1  101.7  7.0  9.4
P3 24  M  Yes  No  70  108.5  138.2  5.6  7.7  40  118.3  176.6  5.1  10.4
P4 23  M  Yes  No  80  161.5  93.8  13.1  0  40  131.3  178.2  10.0  14.5
P5 21  F  Yes  No  60  72.7  98.2  8.2  12.9  35  150.2  114.5  18.4  16.0
P6 22  M  Yes  No  80  133.2  74.6  12.0  0  45  145.8  131.2  9.5  6.1
P7 21  F  Yes  No  55  159.4  115.3  10.7  6.0  40  179.3  99.1  12.5  5.3
P8 20  M  Yes  No  60  111.5  181.3  20.1  8.9  50  86.2  108.7  11.8  9.4
P9 20  M  Yes  No  65  198.4  127.4  9.3  8.3  40  110.0  184.7  5.9  14.7
P10 23  M  Yes  No  65  251.7  99.7  17.1  5.4  35  129.0  149.9  11.3  11.5
P11 21  F  Yes  No  60  150.9  89.8  13.9  6.4  40  148.2  150.3  5.2  8.3
P12 20  M  Yes  No  70  121.6  302.1  6.0  20.1  35  191.0  158.2  13.6  18.9
P13 20  F  Yes  No  70  107.8  110.9  7.4  8.4  35  143.0  163.6  10.7  12.1
P14 26  M  Yes  No  60  109.9  99.9  9.1  8.0  30  118.7  100.0  10.0  7.4
P15 27  M  Yes  No  65  112.0  174.7  3.7  11.7  30  139.9  106.2  6.9  8.6
P16 21  M  No  Yes  80  100.3  229.3  0  19.5  30  113.9  143.9  12.4  13.9
P17 20  M  Yes  No  75  140.7  154.4  6.5  12.1  55  95.8  111.1  7.8  11.1
P18 20  M  Yes  No  70  80.9  66.9  5.8  8.8  35  108.5  117.4  10.0  7.0
P19 30  F  Yes  No  65  82.3  84.4  9.1  5.4  45  74.1  77.4  8.9  8.6
P20 22  M  Yes  No  70  158.9  161.5  9.0  15.3  40  109.5  114.0  8.0  6.8

INV, internal nasal valve; NOSE, Nose Obstruction Symptom Evaluation; M, male; F, female; P, patient; Lt., left; Rt., right.
N.B, All patients undergo rhinoplasty surgery and evaluated pre and post-surgery by reformatted coronal computed tomography scans and NOSE scale.
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Figure  2  Internal  nasal  valve  angle/area  pre  and  postoperative  by  reformatted  coronal  CT-scans.  A,  angle  pre-operative;  B;  angle
post-operative;  C,  area  pre-operative,  D,  area  post-operative.
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p  <  0.05.  Linear  regression  was  done  to  test  and  estimate  the
dependence  of  a  quantitative  variable  based  on  its  relation-
ship  with  a  set  of  independent  variables.

Stewart  et  al  developed  and  validated  NOSE  scale  as  a
disease-specific  QOL  instrument  to  be  used  in  nasal  obstruc-
tion  problems  (Supplementary  Table  S1).1,19

Results

Table  1  shows  patients’  characteristics  (n  =  20).  A  total  of
20  patients  met  our  eligibility  criteria  and  underwent  rhino-
plasty  surgery.  Of  the  20  patients  examined,  14  were  male
(70%)  and  6  were  female  (30%)  with  ages  ranging  from  20  to
50  years  old  and  age  mean  ±  SD  (22.2  ±  2.8).  Two  patients
(10%)  had  a  history  of  previous  rhinoplasty  and  18  (90%)  had
a  history  of  nasal  trauma.  All  patients  (100%)  initially  com-
plained  of  nasal  obstruction  in  at  least  one  nares.  Follow-up
for  patients  was  for  three  months.

Comparing  between  males  and  female  postoperative
nasal  scores  showed  no  significant  difference  between
them,  where  the  mean  ±  SD  was  39.3  ±  7.6  and  38.3  ±  4.1
(p  =  0.78),  respectively.

Patient’s  symptomatic  improvement  from  nasal  obstruc-
tion  was  evaluated  using  (NOSE)  scale  and  showed  that
the  mean  preoperative  (NOSE)  score  was  67.5  ±  7.9  and
mean  postoperative  (NOSE)  score  was  39  ±  6.6  with  a  mean
change  of  (NOSE)  score  28.5  ±  9.3,  indicating  a  highly  statis-
tically  significant  difference  between  pre  and  postoperative
NOSE  scores  (p  <  0.0001),  with  the  most  difference  between
pre-  and  post-operative  NOSE  scores  was  50  (80  vs.  30)
(Table  2).

Radiographically  measurements  of  coronal

CT-scans  of  INV  cross-sectional  area

The  INV  cross-sectional  area  showed  that  mean  preopera-
tive  INV  area  on  the  left  side,  right  side,  and  average  of  both

c
a
b
p
t

ere  130.3  ±  44.9,  138.6  ±  60.6,  and  134.5  ±  52.8,  respec-
ively.  As  well,  it  showed  that  the  mean  postoperative  INV
rea  on  the  left  side,  right  side  and  average  of  both  were
25.2  ±  30.4,  130.9  ±  30.7  and  128.1  ±  30.5,  respectively.
here  was  no  statistically  radiologically  significant  differ-
nce  between  either  means  of  pre-  and  post-operative  INV
rea  on  left,  right,  or  their  average  (Table  2).

It  was  found  that  there  is  no  statistically  significant
orrelation  between  preoperative  NOSE  scores  and  pre-
perative  INV  cross-sectional  areas  either  on  left  side,
ight  side,  or  average  of  both  with  correlation  coeffi-
ient  (r)  (r  =  −0.16;  p  =  0.5),  (r  =  0.207;  p  =  0.381),  (r  =  0.077;

 =  0.746),  respectively.  There  was  a  statistically  significant
egative  correlation  between  postoperative  NOSE  scores
nd  postoperative  INV  cross-sectional  area  on  left  side
r  =  −0.444;  p  =  0.05)  (Table  3  and  Supplementary  Fig.  S2).

Otherwise,  no  statistically  significant  correlation  was
etected  on  right  side  (r  =  −0.197;  p  =  0.405)  or  average  of
oth  sides  (r  =  −0.394;  p  =  0.085)  (Table  3).

adiographically  measurements  of  coronal
T-scans of  INV  angle

he  INV  angle  showed  that  mean  preoperative  INV  angle  on
he  left  side,  right  side,  and  average  of  both  were  9.4  ±  4.6,
.15  ±  5.2  and  9.3  ±  4.9,  respectively.  As  well,  it  showed
hat  the  mean  postoperative  INV  angle  on  the  left  side,
ight  side  and  average  of  both  were  9.9  ±  3.2,  10.8  ±  3.7
nd  10.3  ±  3.5,  respectively.  Results  revealed  that  there  was
o  statistically  radiologically  significant  difference  between
ither  means  of  pre-  and  post-operative  INV  area  on  left,
ight,  or  their  average  (Table  2).

Preoperatively,  there  was  no  statistically  significant
orrelation  between  preoperative  NOSE  scores  and  preoper-

tive  INV  angles  either  on  left  side,  right  side,  or  average  of
oth  (r  =  −0.367;  p  =  0.111),  (r  =  0.021;  p  =  0.93),  (r  =  −0.347;

 =  0.133),  respectively.  Postoperatively  there  was  no  statis-
ically  significant  correlation  between  postoperative  NOSE
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Table  2  Radiographically  measurements  of  left  and  right  reformatted  coronal  CT-scans  of  INV  angle  and  cross-sectional  area.

Preoperative  Postoperative p-Value

Mean  ±  SD  Minimum  Maximum  Mean  ±  SD  Minimum  Maximum

INV  area  Lt.  Side  130.3  ±  44.9  72.7  251.7  125.2  ±  30.4  74.1  191.0  0.642
INV area  Rt.  Side  138.7  ±  60.7  66.9  302.1  130.9  ±  30.7  77.4  184.7  0.613
Average INV  area  134.5  ±  52.8  73.9  211.9  128.1  ±  30.5  75.8  174.6  0.431
INV angle  Lt.  Side  9.4  ±  4.6  0  20.1  9.9  ±  3.2  5.1  18.4  0.683
INV angle  Rt.  Side  9.2  ±  5.2  0  20.1  10.8  ±  3.7  5.3  18.9  0.170
Average INV  angle 9.3  ±  4.9 6.0  14.5  10.3  ±  3.5  6.75  17.2  0.121
NOSE score 67.5  ±  7.9 55.0  80.0  39.0  ±  6.6 30.0  55.0  0.0001a

INV, internal nasal valve; NOSE, Nose Obstruction Symptom Evaluation; SD, standard deviation; Lt., left; Rt., right.
a p-value is significant, p < 0.05.

Table  3  Pearson  correlation  for  association  of  INV  angle/area  measurements  with  postoperative  NOSE  scores.

Preoperative  Postoperative

Correlation  coefficient  p-Value  Correlation  coefficient  p-Value

INV  area  Lt.  Side  −0.160  0.500  −0.444  0.050a

INV  area  Rt.  Side 0.207  0.381  −0.197  0.405
Average INV  area  0.077  0.746  −0.394  0.085
INV angle  Lt.  Side −0.367  0.111  −0.282  0.228
INV angle  Rt.  Side 0.021  0.930  −0.225  0.341
Average INV  angle −0.347  0.133  −0.298  0.201

INV, internal nasal valve; NOSE, Nose Obstruction Symptom Evaluation
a p-value is significant, p < 0.05.

Table  4  Multiple  regressions  to  study  independent  factors
affecting  postoperative  NOSE  scores.

Factors  Regression
coefficient

p-Value  95%CI

Age  −1.035  0.081  0.146,  -0.215
Sex 0.760  0.810  −5.750,  7.270
Post INV  area  −0.120  0.079  −0.250,  0.015
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Post INV  angle  −0.556  0.312  −1.690,  0.576

INV, internal nasal valve.

cores  and  postoperative  INV  angles  either  on  left  side,
ight  side,  or  an  average  of  both  (r  =  −0.282;  p  =  0.228),
r  =  −0.225;  p  =  0.341),  (r  =  −0.298;  p  =  0.201),  respectively
Table  3).

In correlation  between  cases  age  and  postoperative  NOSE
cores,  there  was  no  statistically  significant  correlation
etected  (r  =  −0.206;  p  =  0.384).

After  adjustment  to  all  factors,  age,  sex,  postoperative
NV  area  and  angle,  multiple  regression  revealed  that  none
f  the  factors  was  statistically  affecting  postoperative  NOSE
cores  with  regression  coefficient  (−1.035,  p  =  0.081),  (0.76,

 =  0.81),  (−0.12,  p  =  0.079),  (−0.556,  p  =  0.312),  respec-
ively  (Table  4).

iscussion
here  was  a  highly  significant  difference  between  the  mean
f  pre-  and  pos-toperative  NOSE  scores.  The  highest  mean
hange  of  NOSE  scores  was  50,  while  lowest  mean  change

p
e
c
u

; Lt., left; Rt., right.

as  10  postoperatively.  No  significant  difference  was  found
etween  the  mean  of  pre-  and  post-operative  radiological
easurements  of  cross-sectional  area  and  angle  of  INV.  In

ddition,  no  correlation  was  found  between  radiological  CT-
cans  of  area/angle  and  NOSE  score  measurements.

Many  physiologic  and  psychological  factors  can  affect
atients’  perception  of  nasal  obstruction  and  outcomes  of
urgeries.  Those  factors  include:  expectations  of  patients
rom  surgery  outcomes,  different  surgical  techniques,  and
tatus  of  vascular  and  nerve  supplies.26 The  coincidence  of
inusitis  or  any  nasal  or  sinuses  masses  with  nasal  obstruc-
ion  is  statistically  linked  to  higher  rates  of  dissatisfaction
fter  surgery,  which  may  give  wrong  impressions  on  effec-
iveness  of  measurable  method  used.  For  that  our  exclusion
riteria  were:  sinusitis,  nasal  polyposis,  and  nasal  masses
hat  affect  airway  resistance  and  give  the  wrong  impres-
ion  that  surgery  does  not  give  good  results  quickly  as
xpected,  as  those  exclusions  need  additional  time  for  feel-
ng  improvement  with  a  mandatory  continuation  on  medical
reatment.27 This  is  a decisive  judgment  on  the  success  of
hinoplasty  surgery  from  a  scientific  and  legal  view.  Surgeons
n  ORL  need  a reliable  method  to  prove  their  indications  for
urgery  are  proper,  or  for  followup  of  patients  by  assess-
ng  degree  of  obstruction  pre-  and  post-surgery.  Although
o  accurate  method  has  been  validated  yet,  the  NOSE  scale
as  found  to  be  a  promising  and  reliable  method  to  assess

ymptomatic  improvement  of  nasal  obstruction  problems.  A
tudy  has  been  proposed  for  the  efficacy  of  CT-scan  for  INV
ssessment.17 Previously  they  recommended  using  CT-scan

lanes  to  be  in  perpendicular  line  to  acoustic  axis,  how-
ver,  most  institutions  do  not  have  availability  for  employing
omplex  reformatting  planes.  Moreover,  most  radiologists
se  standard  images  as  being  more  familiar  for  them.  When
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CT-scan  evaluation  of  INV  and  its  correlation  with  NOSE  scal

they  applied  axial  planes  correctly,  a  more  adequate  visu-
alization  of  INV  ensued,  incorporating  all  three  bordering
structures.17 Kahveci  et  al.28 reported  that  mean  preopera-
tive  NOSE  scores  were  60.2  ±  17.5  and  mean  postoperative
score  was  11.3  ±  10.5,  with  minimum  and  maximum  NOSE
scores  at  20  and  80.  In  our  study,  we  found  that  there
was  no  statistically  significant  difference  between  pre-  and
postoperative  INV  cross-sectional  areas,  either  on  left  side,
right  side  or  the  average  of  both  sides.  For  these  results,
CTs  can  radiological  measurements  must  not  give  accurate
an  impression  of  patient  symptomatic  improvement  after
surgery.  As  regards  pre-  and  postoperative  INV  angle/area,
there  was  no  statistically  significant  difference  either  on
the  left  side,  right  side  or  the  average  of  both  sides.  In
accordance  with  our  findings,  Veron  et  al.  confirmed  that
CT  scan  analysis  of  INV  does  not  produce  an  objective  eval-
uation  of  the  degree  of  nasal  o  bstruction;  it  is  better  to
be  correlated  with  septal  morphology  as  a  possible  cause
of  nasal  obstruction  symptoms.29 In  addition,  Bloom  et  al.,
confirmed  the  importance  of  taking  in  consideration  the  pre-
operative  physical  examination,  and  not  just  CT  imaging
in  the  decision  for  which  patients  are  candidates  forsurgi-
cal  intervention.22 In  contrast,  Moche  et  al.30 reported  that
radiographic  imaging  of  INV  area  produced  good  sensitivity
and  specificity  values,  making  it  a  good  measurement  tool
for  INV  assessment.

On  the  other  hand,  after  evaluation  of  symptomatic
improvement  according  to  NOSE  scores  scale,  there  was  a
highly  statistically  significant  difference  between  pre-  and
postoperative  NOSE  scores,  with  significant  improvement  in
the  scores  after  surgery,  which  agrees  with  the  results  of
many  studies.19,28,31---35 A  collective  systematic  review  was
conducted  collecting  all  included  NOSE  papers  scores  pub-
lished  until  2014,  revealing  that  NOSE  scores  can  be  used
as  a  clinically  significant  measure  of  successful  surgical
outcomes.36 Even  Ishii  et  al.  detected  that  NOSE  scores  could
be  used  as  a  screening  tool  instead  of  the  Epworth  sleepi-
ness  scale  for  patients  at  risk  of  undiagnosed  obstructive
sleep  apnea.37

As  well,  there  was  no  significant  correlation  between  CT
scans  postoperative  INV  angles  and  areas  with  postoperative
(NOSE)  score.  Thus,  there  was  no  correlation  between  CT
scans  analysis  of  the  INV  and  the  (NOSE)  scale,  which  agrees
with  Veron  et  al.29 Kahveci  et  al.,28 who  detected  a  signif-
icant  negative  correlation  between  angle  degree  increase
and  NOSE  scores.  Our  results  beg  a  question  of  whether
physical  examination  findings  by  NOSE  scores  scale  should
be  indicated  as  a  mandatory  measurement  tool  over  post-
operative  radiologic  assessments  for  follow-up,  to  be  used  in
concordance  with  CT-scans  preoperative  for  more  accurate
surgical  outcome  plans.

In  spite  of  our  attempts  to  discover  an  objective  measure-
ment,  the  study  of  20  patients  as  a  sample  size  may  not  serve
as  a  true  normal  population.  However,  patients  who  had  any
significant  nasal  and  sinus  disorders  that  could  affect  nasal
obstruction  average  improvement  time  were  excluded.

Conclusion

Radiological  measurements  of  cross-sectional  area  and  angle
of  INV  by  reformatted  CT  scans  were  not  of  value  in  evalua-
tion  of  INV  pre  and  post-rhinoplasty.  On  the  contrary,  there
was  a  highly  significant  difference  between  NOSE  scores

pre  and  post-rhinoplasty,  in  which  it  was  found  to  be  of
significant  value  to  determine  the  degree  of  symptomatic
improvement  pre  and  post  rhinoplasty.  Therefore  for  bet-
ter  clinical  symptomatic  evaluation  pre-  and  post-operative
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n  rhinoplasty;  using  NOSE  scale  assessment  is  preferable
o  using  routine  CT  scan  commonly  requested  by  ORL  sur-
eons  for  some  decision  making  after  physical  examination.
esides,  NOSE  scale  would  be  a  useful  follow-up  measure-
ent  tool  for  assessment  of  the  degree  of  symptomatic

mprovement.
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