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Abstract
Introduction:  There  is  still  no  general  method  for  discriminating  between  benign  and  malignant
leukoplakia  and  identifying  vocal  fold  leukoplakia.
Objective:  To  evaluate  the  reliability  of  a  morphological  classification  and  the  correlation
between  morphological  types  and  pathological  grades  of  vocal  fold  leukoplakia.
Methods:  A  total  of  375  patients  with  vocal  fold  leukoplakia  between  2009  and  2015  were
retrospectively  reviewed.  Two  observers  divided  the  vocal  fold  leukoplakia  into  flat  and  smooth,
elevated  and  smooth,  and  rough  type  on  the  basis  of  morphological  appearance.  The  inter-
observer reliability  was  evaluated  and  the  results  of  classification  from  both  observers  were
compared with  final  pathological  grades.  Clinical  characteristics  between  low  risk  and  high  risk
group were  also  analyzed.
Results:  The  percentage  inter-observer  agreement  of  the  morphological  classification  was
78.7% (�  =  0.615,  p  <  0.001).  In  the  results  from  both  observers,  the  morphological  types  were
significantly  correlated  with  the  pathological  grades  (p1 <  0.001,  p2 <  0.001,  Kruskal---Wallis  test;
r1 =  0.646,  p1 <  0.001,  r2 =  0.539,  p2 <  0.001,  Spearman  Correlation  Analysis).  Multivariate  anal-
ysis showed  patient’s  age  (p  =  0.018),  the  size  of  lesion  (p  <  0.001),  and  morphological  type
(p <  0.001)  were  significantly  different  between  low  risk  group  and  high  risk  group.  Combined

receiver operating  characteristic  curve  analysis  of  significant  parameters  revealed  an  area  under

the receiver  operating  characteristic  curve  of  0.863  (95%  CI  0.823---0.903,  p  <  0.001).
Conclusions:  The  proposed  morphological  classification  of  vocal  fold  leukoplakia  was  consistent
between  observers  and  morphological  types  correlated  with  pathological  grades.  Patient’s  age,
� Please cite this article as: Chen M, Li C, Yang Y, Cheng L, Wu  H. A morphological classification for vocal fold leukoplakia. Braz J
torhinolaryngol. 2019;85:588---96.
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the  size  of  lesion,  and  morphological  type  might  enable  risk  stratification  and  provide  treatment
guidelines  for  vocal  fold  leukoplakia.
© 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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Classificação  morfológica  das  leucoplasias  de  prega  vocal

Resumo
Introdução: Ainda  não  há  um  método  universal  estabelecido  para  diferenciar  entre  a  leucoplasia
benigna e  maligna  ou  identificar  as  leucoplasias  das  pregas  vocais.
Objetivo:  Avaliar  a  confiabilidade  de  uma  classificação  morfológica  e  a  correlação  entre  os  tipos
morfológicos  e  os  graus  histopatológicos  das  leucoplasias  de  pregas  vocais.
Método: Os  registros  de  375  pacientes  com  leucoplasia  da  prega  vocal  assistidos  entre  2009  e
2015 foram  revisados  retrospectivamente.  Dois  observadores  dividiram  a  leucoplasia  da  prega
vocal entre  tipo  plano  e  liso,  elevado  e  liso,  e  rugoso,  com  base  na  aparência  morfológica.  A
confiabilidade  interobservador  foi  avaliada  e  os  resultados  de  classificação  de  ambos  os  obser-
vadores foram  comparados  com  os  graus  histopatológicos  finais.  As  características  clínicas  entre
os grupos  de  baixo  risco  e  alto  risco  também  foram  analisadas.
Resultados:  A  porcentagem  da  concordância  inter-observador  da  classificação  morfológica  foi
de 78,7%  (�  =  0,615,  p  <  0,001).  Nos  resultados  de  ambos  os  observadores,  os  tipos  morfológi-
cos correlacionaram-se  significativamente  com  os  graus  histopatológicos  (p1 <  0,001,  p2 <  0,001,
teste de  Kruskal-Wallis;  r1 =  0,646,  p1 <  0,001,  r2 =  0,539,  p2 <  0,001,  análise  de  correlação  de
Spearman).  A  análise  multivariada  mostrou  que  a  idade  do  paciente  (p  =  0,018),  o  tamanho  da
lesão (p  <  0,001)  e  o  tipo  morfológico  (p  <  0,001)  foram  significativamente  diferentes  entre  o
grupo de  baixo  risco  e  o  de  alto  risco.  A  análise  da  curva  ROC  (Receiver  Operating  Character-
istic) combinada  de  parâmetros  significativos  revelou  uma  área  sob  a  curva  de  0,863  (IC  95%:
0,823 ±  0,903,  p  <  0,001).
Conclusões:  A  classificação  morfológica  proposta  para  leucoplasia  de  prega  vocal  foi  consistente
entre observadores  e  os  tipos  morfológicos  correlacionaram-se  com  os  graus  histopatológicos.
A idade  do  paciente,  o  tamanho  da  lesão  e  o  tipo  morfológico  podem  permitir  a  estratificação
de risco  e  fornecem  diretrizes  de  tratamento  para  a  leucoplasia  da  prega  vocal.
© 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/).

s
m
r
e
f
o
n
g
r
P
o
a
c
d
s
n
l
g

Introduction

Vocal  fold  leukoplakia  is  an  abnormal  mucosa  lesion  with  flat
or  thick  epithelial  white  plaques  or  patches  that  cannot  be
defined  as  any  other  condition.1 Pathological  changes  remain
the  mainstays  of  accurate  diagnosis  and  decisive  guidance
for  management  of  vocal  fold  leukoplakia.2 The  dysplasia
system  (DS),  a  5  grade  pathological  classification  for  vocal
fold  leukoplakia,  including  non-dysplasia,  mild  dysplasia,
moderate  dysplasia,  severe  dysplasia,  and  carcinoma,  is  the
most  frequently  used.3,4 With  a  trend  in  other  organs  to  a
2  grade  system,  a  two-tier  classification,  such  as  ‘‘no/mild
dysplasia’’  ---  low  risk,  and  ‘‘moderate  or  severe’’  ---  high  risk,
was  introduced  in  the  WHO  2017  Blue  Book.5

There  is  still  no  consensus  on  the  treatment  of  vocal
fold  leukoplakia.1 The  clinical  importance  for  vocal  fold
leukoplakia  lies  in  its  tendency  to  transform  into  inva-
sive  carcinoma.  Reported  malignant  transformation  rates  of

laryngeal  dysplasia  vary  between  11%  and  25%,  but  iden-
tifying  which  patients  would  transform  into  carcinoma  is
complicated.6,7 For  those  leukoplakia  patients  without  dys-
plasia,  excisional  treatment  is  not  required.  And  immediate

m
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b

urgical  treatments  are  not  considered  for  patients  with
ild  dysplastic  vocal  fold  leukoplakia  because  of  their  low

isk  for  malignant  transformation  in  the  short  term.8 How-
ver,  there  is  no  objective  nonsurgical  method  available
or  evaluating  the  degree  of  dysplasia  and  the  presence
f  malignant  change;  clinicians  often  are  concerned  that
ot  doing  enough  may  lead  to  progression  to  invasive  laryn-
eal  squamous  cell  carcinoma  (LSCC).  Surgical  therapy  still
emains  the  most  widely  studied  modality  of  treatment.9,10

ostoperative  pathological  analysis  revealed  distinct  rates
f  dysplasia  reported  by  different  groups.  Isenberg  et  al.11

nd  Cui  et  al.12 reported  that  approximately  50%  of  patients
linically  diagnosed  with  vocal  fold  leukoplakia  do  not  have
ysplasia,  indicating  that  these  patients  received  unneces-
ary  surgical  treatment.  For  this  reason,  we  search  for  a
on-invasive  tool  for  discriminating  benign  and  malignant
eukoplakia  and  identifying  appropriate  non-surgical  or  sur-
ical  for  leukoplakia.
Narrow  band  imaging  (NBI)  endoscopy  is  one  of  the
odern  tools  that  improve  the  evaluation  of  laryngeal

esions,  which  is  employed  for  distinguishing  between
enign  and  malignant  patterns  of  vocal  cord  leukoplakia.13,14
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owever,  NBI  does  not  focus  on  the  biological  features  of  the
eukoplakia  itself,  but  highlights  its  vascularization.15 Visual
bstruction  by  a  thick  keratin  layer  covering  on  the  vocal
ord  also  limits  its  application.16 Nevertheless,  normal  laryn-
oscopy  under  white  Llght  (WL)  was  the  most  common  tool
or  vocal  fold  leukoplakia,  which  displays  the  lesion  more
irectly  and  clearly.

Currently,  the  studies  about  the  classification  of  vocal
old  leukoplakia  by  morphological  characteristics  are  very
imited,8,17 which  jeopardizes  establishment  of  a  standard
reatment  for  vocal  fold  leukoplakia.  A  reliable  and  practi-
al  approach  is  required  to  better  classify  the  vocal  fold
eukoplakia  by  morphological  characteristics  and  identify
he  degree  of  dysplasia.

Here  we  propose  a  new  classification  for  vocal  fold
eukoplakia  based  on  the  morphological  changes  under
aryngoscopy.  The  aim  of  this  study  was  to  evaluate
he  reliability  of  this  morphological  classification  and  the
orrelation  between  the  morphological  types  and  patho-
ogical  grades  of  vocal  fold  leukoplakia.  We  attempted  to
ddress  whether  the  morphological  types  could  reflect  the
athological  grades.  To  fulfill  our  goal,  a  clinicopatholog-
cal  study  of  375  cases  with  vocal  fold  leukoplakia  was
onducted.

ethods

atients

he  protocol  of  this  retrospective  study  was  approved  by  the
nstitution  Review  Board  of  the  Eye,  Ear,  Nose  and  Throat
ospital  of  Fudan  University,  Shanghai,  China  (Approval
◦ 2017042-1).  Patients  for  this  study  were  collected
rom  February  2009  to  June  2015.  A  total  of  604  outpa-
ients  were  primarily  diagnosed  as  vocal  fold  leukoplakia
ccording  to  office-based  rigid  laryngoscopy.  Of  them,  375
atients  included  in  this  study  underwent  microlaryngeal
urgery  and  were  pathologically  diagnosed  with  keratosis
r  dyskeratosis  with  hyperplasia,  non-dysplasia,  dyspla-
ia  or  carcinoma.  Patients  without  preoperative  images  of
ffice-based  laryngoscope  examination,  surgical  removal
f  lesions,  or  postoperative  pathological  records  were
xcluded.

linical  data

linical  data,  including  age,  gender,  preoperative  laryngo-
cope  images,  and  postoperative  pathological  records,  were
ollected.  The  size  of  lesion  was  recorded  as  <50%  (the  sum
f  all  leukoplakia  is  less  than  half  length  of  one  entire  vocal
ord)  or  >50%  (the  sum  of  all  leukoplakia  is  more  than  half
ength  of  one  entire  vocal  cord).8,17 The  involvement  of  the
nterior  commissure  was  defined  as  leukoplakia  was  located
t  the  anterior  commissure  of  vocal  cords.

orphological  types

he  morphological  types  of  vocal  fold  leukoplakia  assessed
y  preoperative  rigid  laryngoscopy  were  categorized  as:  flat
nd  smooth,  elevated  and  smooth,  and  rough  type.18 The
efinition  is  presented  as  the  following:
Flat  and  smooth  type:  Surface:  smooth;  Margin:  lesion
ithout  raised  margins,  being  continuous  with  the  surround-

ng  mucosa;  Texture:  homogeneous,  regular,  the  lesion  with
ven  coloration  (Fig.  1A).
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Elevated  and  smooth  type:  Surface:  smooth;  Margin:
esion  with  raised  margins,  sharply  demarcated  from  the  sur-
ounding  mucosa;  Texture:  homogeneous,  regular,  the  lesion
ith  even  coloration  (Fig.  1C).

Rough  type:  Surface:  wrinkled,  corrugated;  Margin:
esion  with  raised  margins,  sharply  demarcated  from  the  sur-
ounding  mucosa;  Texture:  non-homogeneous,  irregular,  the
esion  with  uneven  coloration  and  is  usually  accompanied
ith  erosion  or  ulceration  (Fig.  1E).

When  various  types  of  leukoplakia  coexist,  elevated  and
mooth  leukoplakia  will  be  determined  if  flat  and  smooth
nd  elevated  and  smooth  leukoplakia  on  vocal  cords;  rough
eukoplakia  will  be  determined  once  rough  lesion  appears
n  vocal  cords.

Two  observers,  an  experienced  laryngologist  and  an
tolaryngology  resident,  blinded  to  the  patients’  clinical
nformation  and  postoperative  pathological  results,  inde-
endently  classified  each  preoperative  laryngoscope  image
ccording  to  the  definition  mentioned  above.  The  inter-
bserver  reliability  of  the  morphological  classification  was
valuated.

reatment

ritten  informed  consent  for  surgery  was  signed  by  each
atient.  Endotracheal  intubation  and  the  full  glottic  lesions
ere  visualized  with  a  binocular  microscope  (ZEISS  S88,
arl  Zeiss  Shanghai  Co.).  Complete  resection  by  CO2 laser
Lumenis  40C,  Yokneam  20692,  Israel)  was  performed  for
ll  patients  under  general  anesthesia.  Each  patient  was  dis-
harged  from  hospital  the  next  day  after  surgery.  Patients
ho  had  bilateral  leukoplakia  were  treated  with  staged  pro-
edures.  Once  the  postoperative  pathological  result  showed
quamous  cell  carcinoma,  further  radical  surgery  would  be
rranged.  Follow-up  appointments  of  postoperative  mana-
ement  were  arranged  every  1---3  months  for  the  first  year
nd  then  every  3---6  months  for  the  following  years.  Patients
ere  assessed  by  office-based  rigid  laryngoscope  (Panasonic
P-KS822)  examination.

istological  assessment

ll  the  tissues  were  routinely  processed  for  patholog-
cal  examination.  Formalin-fixed  and  paraffin-embedded
lides  were  independently  viewed  and  histologically  graded
y  three  pathologists  in  the  Department  of  Pathology  at
ye,  Ear,  Nose  and  Throat  Hospital  of  Fudan  University,
hanghai,  China.  Histological  assessment  was  conducted
ccording  to  the  World  Health  Organization  2005  guidelines3

n  which  vocal  fold  leukoplakia  is  divided  into  the  following
ategories:  squamous  cell  hyperplasia  with  non-dysplasia,
ild  dysplasia,  moderate  dysplasia,  severe  dysplasia,  car-

inoma  in  situ  and  squamous  cell  carcinoma.  Squamous
ell  hyperplasia  with  non-dysplasia  describes  increased  cell
umbers  but  the  architecture  shows  regular  stratification
nd  there  is  no  cellular  atypia.  Mild  dysplasia  describes  slight
ytological  atypia,  most  marked  in  the  basal  one-third  of  the
pithelium.  Moderate  dysplasia  describes  more  cytological
typia,  changes  presenting  in  the  lower  two-thirds  of  the
pithelium.  Severe  dysplasia  describes  cytological  atypia

nvolving  more  than  two-thirds  of  the  epithelial  thickness.
arcinoma  describes  full  thickness  architectural  abnormali-
ies  in  the  viable  cellular  layers  accompanied  with  cytologic
typia.3,4
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Figure  1  The  pathological  results  of  flat  and  smooth  leukoplakia  (A),  elevated  and  smooth  leukoplakia  (C),  and  rough  leukoplakia
(E) showed  squamous  hyperplasia  without  dysplasia  (B),  squamous  hyperplasia  with  mild-dysplasia  (D),  and  squamous  cell  carcinoma
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(F), respectively.

Statistical  analysis

Statistical  analysis  of  the  data  was  performed  using  SPSS

software  version  23.0  (IBM  Corporation,  2015,  USA).  The
inter-observer  reliability  of  the  morphological  classification
was  determined  using  the  Kappa  test.  The  Kruskal---Wallis
test  and  Spearmen  Correlation  Analysis  were  used  to

a
r
c
a

nalyze  pathological  grades  of  flat  and  smooth,  elevated
nd  smooth,  and  rough  leukoplakia  identify  by  both
bservers,  respectively.  The  proportion  of  non-dysplasia

nd  carcinoma  in  three  types  of  leukoplakia  was  calculated,
espectively.  The  morphological  classification  and  other
linical  parameters  were  compared  between  low  risk  group
nd  high  risk  group  by  univariate  analysis  and  multivariate
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Table  1  Clinical  characteristics  of  patients  with  vocal  fold  leukoplakia.

Variables  Total  Low  risk  High  risk  p

Age  (years) 53.46  ±  10.05 59.34  ±  8.89  <0.001a

<60  218  (58.4%)  83  135  <0.001b

≥60  157  (41.6%)  28  129

Gender 0.400b

Male  364  (97.1%)  109  255
Female 11  (2.9%)  2  9

Site 0.395b

Unilateral  283  (75.5%)  87  196
Bilateral 92  (24.5%)  24  68

Size <0.001b

<50%  252  (67.2%)  107  15
≥50% 123  (32.8%)  4  119

Anterior commissure  involved  0.126b

Yes  16  (4.3%)  2  14
No 359  (95.7%)  109  250

Clinical type
Flat  and  smooth 25  (6.7%) 25  0  p1 <  0.001c

Elevated  and  smooth 154  (41.0%) 71  83  p2 <  0.001c

Rough 196  (52.3%) 15  181  p3 <  0.001c

a Student’s t test.
b Chi-square test.
c Kruskal---Wallis test followed by Nemenyi test (p1, flat and smooth vs. elevated and smooth; p2, elevated and smooth vs. rough; p3,

rough vs. flat and smooth).
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Table  2  Pathological  grade  of  vocal  fold  leukoplakia  in  375
cases.

Pathological  grade  Number  of  patients  (%)

Low  risk  group  111  (29.6%)
Non-dysplasia  39  (10.4%)
Mild-dysplasia  72  (19.2%)
High risk  group 264  (70.4%)
Moderate-dysplasia  51  (13.6%)
Severe-dysplasia  145  (38.7%)
Squamous  cell  carcinoma  68  (18.1%)
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ogistic  analysis.  Clinical  parameters  were  analyzed  by
tudent’s  t  test  for  continuous  variables,  Chi-square  test
or  binary  variables,  and  Kruskal---Wallis  test  followed  by
emenyi  test  for  those  consisted  of  several  independent
roups.  The  diagnostic  accuracy  of  clinical  characteristics
f  vocal  fold  leukoplakia  was  evaluated  using  the  area  under
he  receiver  operating  characteristics  (ROC)  curve  (AUC)
nalysis  and  logistic  regression.  Two-sided  p-values  <  0.05
ere  considered  significant.

esults

 total  of  375  patients  diagnosed  with  vocal  fold  leukoplakia
ere  included  in  this  study,  of  whom  364  (97.1%)  were  male
nd  11  (2.9%)  were  female.  The  average  age  of  the  patients
as  57.6  ±  9.6  years  with  an  age  range  of  31---86  years.
haracteristics  of  baseline  patient  information  were  listed

n  Table  1.  The  results  of  5  grades  and  2  grade  pathological
lassifications  were  listed  in  Table  2.

375  preoperative  laryngoscope  images  were  identified
y  two  observers  (Table  3).  The  percentage  inter-observer
greement  between  the  experienced  laryngologist  and
he  otolaryngology  resident  was  78.7%  (�-value  =  0.615,

 <  0.001).
In  the  results  from  both  observers  (Table  3),  significant

ifferences  in  pathological  grades  were  witnessed  among
hree  morphological  types  according  to  Kruskal---Wallis

est  followed  by  the  Nemenyi  test  (flat  and  smooth  vs.
levated  and  smooth,  p1 <  0.001  and  p2 <  0.001;  flat  and
mooth  vs.  rough,  p1 <  0.001  and  p2 <  0.001;  elevated  and
mooth  vs.  rough,  p1 <  0.001  and  p2 <  0.001,  respectively).

g
i
p

orphological  types  revealed  a  significant  correlation
ith  pathological  grades  by  Spearman  Correlation  Analysis

r1 =  0.553,  p1 <  0.001;  r2 =  0.498,  p2 <  0.001,  respectively)
r1,  p1, observer  1;  r2, p2, observer  2).

Based  on  the  consistent  results  between  two  observers,
he  following  data  was  evaluated  by  the  experienced  laryn-
ologist  (Observer  1).  The  incidence  of  non-dysplasia  in  flat
nd  smooth,  elevated  and  smooth,  and  rough  leukoplakia
as  68%,  13.0%,  1.0%;  the  incidence  of  carcinoma  in  flat
nd  smooth,  elevated  and  smooth,  and  rough  leukoplakia
as  0%,  5.2%,  30.6%.
Clinical  characteristics  were  compared  between  low  risk
roup  and  high  risk  group  univariate  analysis  was  listed
n  Table  1.  Age  (Odd  Ratio  =  0.495,  95%  CI  0.276---0.885,

 = 0.018),  the  size  of  lesion  (Odd  Ratio  =  0.102,  95%
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Table  3  Morphological  and  pathological  diagnosis  of  vocal  fold  leukoplakia.

Flat  and  smooth  Elevated  and  smooth  Rough  p

Observer  1  Observer  2  Observer  1  Observer  2  Observer  1  Observer  2  Observer  1  Observer  2

Non-dysplasia  17  13  20  22  2  4
Mild-dysplasia  8  10  51  46  13  16  <0.001a <0.001a

Moderate-dysplasia  0  3  39  32  12  16  <0.001b <0.001b

Severe-dysplasia  0  2  36  35  109  108  <0.001c <0.001c

Carcinoma  0  0  8  10  60  58  <0.001d <0.001d

Total 25  28  154  145  196  202
a Kruskal---Wallis test followed by Nemenyi test, flat and smooth vs. elevated and smooth.
b Kruskal---Wallis test followed by Nemenyi test, flat and smooth vs. rough.
c Kruskal---Wallis test followed by Nemenyi test, elevated and smooth vs. rough.
d Spearman Correlation Analysis.

Morphological type
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Figure  2  Receiver  Operating  Characteristic  (ROC)  analysis
and the  Areas  Under  the  Curve  (AUCs)  of  independent  predictors
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for distinguishing  low  risk  and  high  risk  of  vocal  fold  leukoplakia.

CI  =  0.034---0.300,  p  <  0.001),  and  morphological  type  (Odd
Ratio  =  0.145,  95%  CI  0.076---0.278,  p  <  0.001)  were  significan-
tly  different  between  two  groups  testified  by  multivariate
logistic  regression  analysis.  The  AUC  for  age,  size  of  lesion,
and  morphological  type  were  0.670  (95%  CI  0.608---0.732,
p  <  0.001),  0.707  (95%  CI  0.655---0.759,  p  <  0.001),  and  0.811
(95%  CI  0.762---0.859,  p  <  0.001),  respectively.  Combined
receiver  operating  characteristic  curve  analysis  of  sig-
nificant  parameters  revealed  an  AUC  of  0.863  (95%  CI
0.823---0.903,  p  <  0.001)  (Fig.  2).

Discussion

Vocal  fold  leukoplakia  encompasses  a  variety  of  benigni-
ties,  premalignancies,  and  malignancies.19 Although  new
endoscopic  tools,  narrow  band  imaging,  optical  coherence
tomography  and  contact  endoscope  have  been  developed
to  improve  the  distinction  for  vocal  fold  leukoplakia,  the
WL  laryngoscopy  is  more  commonly  applied  in  clinical
practice.13,20,21 The  ability  of  rigid  or  flexible  laryn-
goscopy  to  visualize  and  characterize  lesions  of  vocal

cords  continues  to  improve.  Our  current  office  laryngo-
scopes  allow  precise  identification  of  surface,  margin,
texture,  and  size  of  lesion.  In  some  reports,  vocal  fold
leukoplakia  was  divided  into  three  morphological  groups:

g
l

r

uperficial  type,  exophytic  type,  and  ulcerative  type  or
tratified  by  morphological  characteristics  scoring.8,17,22

n  line  with  our  recent  studies,23,24 we  have  proposed
 new,  simple  classification  for  vocal  fold  leukoplakia
n  the  basis  of  morphological  characteristics  visualized
y  normal  laryngoscopy  under  white  light.  In  our  study,
75  laryngoscope  images  were  classified  into  three  types
y  an  experienced  laryngologist  and  an  otolaryngology
esident  independently,  blinded  to  the  patients’  clini-
al  characteristics  and  postoperative  pathological  results.
here  were  consistent  findings  of  acceptable  inter-observer
eliability  of  morphological  classification  for  vocal  fold
eukoplakia  (Table  3).  It  was  found  that  there  was  a
oderate  agreement  between  two  observers.  This  finding
ight  lead  us  to  assume  that  this  morphological  clas-

ification  proposing  a  uniform  description  of  vocal  fold
eukoplakia  can  be  utilized  in  clinical  practice.  Further-
ore,  this  classification  method  we  proposed  was  based  on
acroscopic  appearance  visualized  by  normal  laryngoscopy,
hich  might  be  promoted  and  popularized  to  various

nstitutions.
Recently  macroscopic  features  of  vocal  fold  leukoplakia

ave  been  associated  with  pathological  changes  which
emain  the  mainstay  of  accurate  diagnosis,  prognosis,  and
uidance  for  management.2,4 We  classified  three  types  as  ini-
ial,  middle,  and  advanced  stage  based  on  the  macroscopic
eatures.  In  the  results  from  both  observers,  morphological
haracteristics  revealed  a  significant  correlation  with  patho-
ogical  grades  of  vocal  fold  leukoplakia  after  Kruskal---Wallis
est  and  Spearman  Correlation  Analysis.  This  relationship
as  also  been  suggested  in  another  study.22 And  the  same
ppeared  in  leukoplakia  in  other  sites.  Homogenous  and
on-homogenous  oral  leukoplakia  have  distinct  pathological
haracteristics  and  the  risk  of  dysplasia  increased  in  patients
resenting  the  non-homogenous  oral  leukoplakia.25---27 More-
ver,  morphology  of  superficial  mucosal  microvessels  under
BI  was  considered  to  relate  to  the  degree  of  dyspla-
ia  for  vocal  leukoplakia.28 Further  study  would  focus
n  the  relationship  among  morphological  characteristics
f  lesion  itself,  mucosal  microvessels,  and  pathological
haracteristics.  The  combination  of  WL  and  NBI  laryn-

oscopy  might  benefit  in  accurate  diagnosis  for  vocal  fold
eukoplakia.

Post-operative  pathological  analysis  revealed  distinct
ates  of  dysplasia  reported  by  different  groups.  Isenberg11
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ound  that  53%  of  208  hyperkeratotic  vocal  fold  lesions
ay  not  contain  dysplasia;  Cui12 reported  that  54.2%  of  555

ases  with  vocal  fold  leukoplakia  was  hyperplasia  without
ysplasia;  Yang29 and  Zhu30 noted  that  54.5%  and  61.6%,
espectively,  of  patients  with  vocal  fold  leukoplakia  was  non-
ysplasia.  Whereas,  in  the  present  study,  the  rate  of  non
ysplasia  for  vocal  fold  leukoplakia  was  only  found  in  39
10.4%)  of  375  cases,  which  is  significantly  lower  than  the
ndings  of  authors  mentioned  previously.  Different  manage-
ent  strategies  for  the  three  morphological  types  of  vocal

old  leukoplakia  we  applied  might  contribute  to  the  lower
ate  of  non-dysplasia.  In  the  flat  and  smooth,  elevated  and
mooth,  and  rough  group,  the  proportion  of  non-dysplasia
radually  decreased;  on  the  contrary,  the  proportion  of
arcinoma  gradually  increased.  Thus,  conservative  treat-
ent  and  close  observation  were  recommended  for  patients
ith  flat  and  smooth  leukoplakia  and  elevated  and  smooth

eukoplakia;  surgery  was  only  considered  when  conservative
reatment  turned  out  to  be  ineffective.  Surgical  treatment
as  performed  for  patients  with  rough  leukoplakia  as  soon  as
ossible.

Clinicians  are  often  concerned  that  not  doing  enough  may
esult  in  progression  to  invasive  LSCC,  whereas  overtreat-
ent  in  vocal  fold  leukoplakia  that  would  not  progress  may

ause  scars  of  the  vocal  cords  and  voice  deterioration.  Dis-
rimination  between  benign  and  malignant  lesions  without

 histological  evaluation  is  not  possible.31 To  date,  surgi-
al  therapy  remains  the  most  widely  studied  modality  of
reatment  and  excision  of  lesions  is  required  before  histo-
ogical  diagnosis.9,10 Therefore,  numerous  leukoplakia  with
on-dysplasia  that  does  not  convey  premalignant  potential
eceived  unnecessary  surgical  treatment  in  clinical  prac-
ice.  One  of  the  reasons  was  lack  of  standards  to  evaluate
he  degree  of  dysplasia  for  vocal  fold  leukoplakia.  In  the
resent  study,  we  proposed  the  morphological  classification
imed  to  evaluate  the  pathological  grades  for  vocal  fold
eukoplakia.  As  we  reported  previously,  the  effectiveness  of
on-surgical  treatment  for  flat  and  smooth  and  elevated  and
mooth  vocal  fold  leukoplakia  is  superior  in  comparison  to
ough  vocal  fold  leukoplakia.  The  complete  response  rate  of
on-surgical  treatment  for  flat  and  smooth  leukoplakia  was
p  to  80.3%.18 Therefore,  this  classification  method  might  be
elpful  in  guiding  management  for  vocal  fold  leukoplakia.

To  our  knowledge,  few  studies  have  focused  on  corre-
ating  clinical  appearance  with  pathological  changes  for
ocal  fold  leukoplakia.  Contrary  to  the  findings  that  the
urface  appearance  of  the  leukoplakia  was  not  a reliable
rognosticator  of  the  severity  of  dysplasia,32 we  found
he  microscopic  appearance  correlated  with  pathologi-
al  grades.  Different  classification  methods  might  lead
o  the  discrepancy.  The  appearance  of  leukoplakia  was
valuated  based  on  merely  the  surface  of  lesion  by  Zeitels
t  al.,32 while  our  classification  including  three  parameters:
urface,  margin,  and  texture.  In  line  with  the  ideas  of
revious  studies,22,25---27 we  believe  texture  could  not  be
gnored  for  evaluating  leukoplakia.  Additionally,  the  sample
izes  of  Zeitels  et  al.’s  and  our  studies  were  52  patients
ersus  375  patients,  and  differences  in  the  power  of  the
nalyses  might  be  another  reason  to  explain  the  different

ndings  of  both  studies.  Our  finding  was  in  accordance  with
ang  et  al.’s  results22 that  patient’s  age  and  laryngoscopic
haracteristics  were  the  independent  predictive  factor  for
isk  stratification.  However,  we  believed  the  size  of  lesion
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as  another  important  predictive  factor.  A  consensus  state-
ent  presented  by  otorhinolaryngologists  and  pathologists,
roduced  at  a  meeting  on  the  diagnosis  and  management
f  laryngeal  dysplasia  in  2010,  made  the  recommendation
hat  the  overall  appearance  of  the  lesion  was  considered  to
e  the  most  important  factor  in  determining  management.9

everal  studies  have  demonstrated  size  of  lesion  was  a
actor  predictive  of  malignant  transformation  in  patients
ith  leukoplakia.17,33 The  modern  concepts  of  carcino-
enesis  have  emphasized  the  existence  of  a  molecularly
ltered  precancerous  field  from  which  extensive  lesions
ould  develop.34,35 Vocal  fold  leukoplakia  categorized  as

ow  risk  group  and  high  risk  group  in  our  study  differed
rom  the  previous  classification  in  the  literature.22---24 The
isk  stratification  was  based  on  the  two-tier  classification
ntroduced  in  the  WHO  2017  Blue  Book,5 which  was  con-
rmed  to  have  better  inter-rater  agreement  than  had  been
ound  in  previous  studies.  A  high  risk  group  is  associated
ith  invasive  carcinoma  development  in  up  to  40%  of  cases,
hereas  low-risk  group  shows  malignant  progression  in  only
pproximately  2%  of  cases.10,36,37 Thus,  such  a  distinction
an  facilitate  clinical  decisions  about  treatment  modalities
or  patients  with  laryngeal  lesions.

Additionally,  we  combined  the  age,  the  size  of  lesion,
nd  morphological  type  together  to  assess  the  predictive
isk  value.  And  ROC  analysis  exhibited  a  high  AUC  for  pre-
icting  pathological  risk  (Fig.  2).  It  was  the  first  time  that
ombination  of  age,  the  size  of  lesion,  and  morphological
ype  were  observed  to  possess  a  better  value  in  predict-
ng  risk,  which  reinforced  our  previous  achievements.23,24

herefore,  the  morphological  type  combined  with  age  and
ize  of  lesion  should  be  considered  into  stratifying  risk  for
ocal  fold  leukoplakia,  and  a  proper  therapy  strategy  would
e  developed  afterward.

The  strengths  of  this  study  include  creation  of  a  new
lassification  for  vocal  fold  leukoplakia,  a  comparatively
arger  series  to  determine  whether  laryngoscopic  types  are
elated  to  the  pathological  grades  and  suggestion  for  treat-
ent  options  based  on  clinical  characteristics.  There  are

till  several  weaknesses  in  the  present  study.  Firstly,  the
undamental  flaw  is  the  retrospective  nature  of  this  study.

 prospective  research  is  needed  to  confirm  the  use  of
he  classification  method.  Secondly,  the  inter-observer  reli-
bility  produced  a  disagreement  of  21.3%;  inexperienced
tolaryngology  residents  need  to  be  trained  before  apply-
ng  this  classification  into  clinical  practice.  Thirdly,  patients
ith  vocal  fold  leukoplakia  included  in  the  study  are  only

hose  who  received  surgical  treatments.  These  lesions  might
e  more  serious  so  that  couldn’t  represent  the  condition
or  all  the  lesions.  Besides,  we  were  not  able  to  investigate
he  predictive  factors  for  pathological  grades  of  lesions  by
ombining  other  specific  factors,  including  tobacco  smoking,
lcohol  intake  and  laryngopharyngeal  reflux.  Whether  the
orphological  type  of  vocal  fold  leukoplakia  is  related  to

he  malignant  transformation  and  recurrence  also  deserves
o  be  studied.

onclusion
ocal  fold  leukoplakia  could  be  categorized  as  flat  and
mooth,  elevated  and  smooth,  and  rough  type  on  the  basis
f  the  morphological  classification,  which  was  shown  to  be



1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

A  morphological  classification  for  vocal  fold  leukoplakia  

consistent  between  observers.  The  morphological  types  of
vocal  fold  leukoplakia  correlated  with  pathological  grades.
Patient’s  age,  the  size  of  lesion,  and  morphological  type
might  enable  risk  stratification  and  provide  treatment  guide-
lines  for  vocal  fold  leukoplakia.

Funding

The  work  was  supported  by  the  Science  and  Technology
Commission  of  Shanghai  Municipality  of  China  (Grant  n◦

15401971600  and  Grant  n◦ 17411962000)  and  also  supported
by  the  Health  and  Family  Planning  Commission  of  Shanghai
Municipality  of  China  (Grant  n◦ 2016LP19).  This  work  did  not
involve  the  use  of  human  subjects  or  animal.

Conflicts of interest

The  authors  declare  no  conflicts  of  interest.

References

1. Panwar A, Lindau R 3rd, Wieland A. Management of prema-
lignant lesions of the larynx. Expert Rev Anticancer Ther.
2013;13:1045---51.

2. Gale N, Zidar N, Poljak M, Cardesa A. Current views and per-
spectives on classification of squamous intraepithelial lesions of
the head and neck. Head Neck Pathol. 2014;8:16---23.

3. Thompson L. World Health Organization classification of
tumours: pathology and genetics of head and neck tumours.
Ear Nose Throat J. 2006;85:74.

4. Gale N, Gnepp DR, Poljak M, Strojan P, Cardesa A, Helliwell
T, et al. Laryngeal squamous intraepithelial lesions: an updated
review on etiology, classification, molecular changes, and treat-
ment. Adv Anat Pathol. 2016;23:84---91.

5. Gale N, Poljak M, Zidar N. Update from the 4th edition of
the world health organization classification of head and neck
tumours: what is new in the 2017 WHO Blue Book for Tumours
of the hypopharynx, larynx, trachea and parapharyngeal space.
Head Neck Pathol. 2017;11:23---32.

6. Paleri V, Mackenzie K, Wight RG, Mehanna H, Pracy P, Bradley
PJ. Management of laryngeal dysplasia in the United Kingdom:
a web-based questionnaire survey of current practice. Clin Oto-
laryngol. 2009;34:385---9.

7. van Hulst AM, Kroon W, van der Linden ES, Lily N, Ottenhof Sarah
R, Inge W, et al. Grade of dysplasia and malignant transforma-
tion in adults with premalignant laryngeal lesions. Head Neck.
2016;38 Suppl. 1:E2284---90.

8. Young CK, Lin WN, Lee LY, Lee LA, Hsin LJ, Liao CT, et al.
Laryngoscopic characteristics in vocal leukoplakia: inter-rater
reliability and correlation with histology grading. Laryngoscope.
2015;125:E62---6.

9. Mehanna H, Paleri V, Robson A, Wight R, Helliwell T. Consen-
sus statement by otorhinolaryngologists and pathologists on the
diagnosis and management of laryngeal dysplasia. Clin Otolaryn-
gol. 2010;35:170---6.

10. Karatayli-Ozgursoy S, Pacheco-Lopez P, Hillel AT, Best SR, Bishop
JA, Akst LM. Laryngeal dysplasia, demographics, and treat-
ment: a single-institution, 20-year review. JAMA Otolaryngol

Head Neck Surg. 2015;141:313---8.

11. Isenberg JS, Crozier DL, Dailey SH. Institutional and comprehen-
sive review of laryngeal leukoplakia. Ann Otol Rhinol Laryngol.
2008;117:74---9.

3

595

2. Cui W,  Xu W, Yang Q, Hu R. Clinicopathological parameters
associated with histological background and recurrence after
surgical intervention of vocal cord leukoplakia. Medicine (Bal-
timore). 2017;96:e7033.

3. Klimza H, Jackowska J, Tokarski M, Piersiala K, Wierzbicka M.
Narrow-band imaging (NBI) for improving the assessment of
vocal fold leukoplakia and overcoming the umbrella effect.
PLOS ONE. 2017;12:e0180590.

4. Stanikova L, Satankova J, Kucova H, Walderova R, Zelenik K,
Kominek P. The role of narrow-band imaging (NBI) endoscopy
in optical biopsy of vocal cord leukoplakia. Eur Arch Otorhino-
laryngol. 2017;274:355---9.

5. Shoffel-Havakuk H, Lahav Y, Meidan B, Haimovich Y, Warman M,
Hain M, et al. Does narrow band imaging improve preoperative
detection of glottic malignancy? A matched comparison study.
Laryngoscope. 2017;127:894---9.

6. Wen YH, Zhu XL, Lei WB, Zeng YH, Sun YQ, Wen WP.
Narrow-band imaging: a novel screening tool for early nasopha-
ryngeal carcinoma. Arch Otolaryngol Head Neck Surg. 2012;138:
183---8.

7. Lee DH, Yoon TM, Lee JK, Lim SC. Predictive factors of recur-
rence and malignant transformation in vocal cord leukoplakia.
Eur Arch Otorhinolaryngol. 2015;272:1719---24.

8. Chen M, Cheng L, Li CJ, Chen J, Shu YL, Wu HT. Nonsurgical
treatment for vocal fold leukoplakia: an analysis of 178 cases.
Biomed Res Int. 2017;2017:6958250.

9. Bouquot JE, Gnepp DR. Laryngeal precancer: a review of the
literature, commentary, and comparison with oral leukoplakia.
Head Neck. 1991;13:488---97.

0. Englhard AS, Betz T, Volgger V, Lankenau E, Ledderose GJ, Stepp
H, et al. Intraoperative assessment of laryngeal pathologies
with optical coherence tomography integrated into a surgical
microscope. Lasers Surg Med. 2017;49:490---7.

1. Puxeddu R, Sionis S, Gerosa C, Carta F. Enhanced contact
endoscopy for the detection of neoangiogenesis in tumors of
the larynx and hypopharynx. Laryngoscope. 2015;125:1600---6.

2. Fang TJ, Lin WN, Lee LY, Young CK, Lee LA, Chang KP, et al.
Classification of vocal fold leukoplakia by clinical scoring. Head
Neck. 2016;38 Suppl. 1:E1998---2003.

3. Zhang N, Cheng L, Chen M, Chen J, Yang Y, Xie M, et al.
Relationship between laryngoscopic and pathological charac-
teristics of vocal cords leukoplakia. Acta Otolaryngol. 2017;137:
1199---203.

4. Li C, Zhang N, Wang S, Cheng L, Wu H, Chen J, et al. A new clas-
sification of vocal fold leukoplakia by morphological appearance
guiding the treatment. Acta Otolaryngol. 2018:1---6.

5. Liu W, Shi LJ, Wu L, Feng JQ, Yang X, Li J, et al. Oral cancer
development in patients with leukoplakia-clinicopathological
factors affecting outcome. PLoS ONE. 2012;7:e34773.

6. Maia HC, Pinto NA, Pereira Jdos S, de Medeiros AM, da Silveira
EJ, Miguel MC. Potentially malignant oral lesions: clinicopatho-
logical correlations. Einstein (Sao Paulo). 2016;14:35---40.

7. Granero Fernandez M, Lopez-Jornet P. Association between
smoking, glycaemia, blood lipoproteins and risk of oral leuko-
plakia. Aust Dent J. 2017;62:47---51.

8. Huang F, Yu J, Zhang F, He C, Li S, Shao J. The usefulness of
narrow-band imaging for the diagnosis and treatment of vocal
fold leukoplakia. Acta Otolaryngol. 2017;137:1---5.

9. Yang SW, Chao WC, Lee YS, Chang LC, Hsieh TY, Chen TA, et al.
Treatment outcome of vocal cord leukoplakia by transoral laser
microsurgery. Lasers Med Sci. 2017;32:19.
0. Zhu H, Xu W, Li Y, Cheng L. Observation of clinico-
pathological characteristics of vocal fold leukoplakia and
laryngopharyngeal reflux. Zhonghua Er Bi Yan Hou Tou Jing Wai
Ke Za Zhi. 2014;49:368---73.

http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0265
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0270
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0275
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0280
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0285
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0290
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0295
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0300
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0305
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0310
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0315
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0320
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0325
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0330
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0335


5

3

3

3

3

3

3
cinoma in situ? 10-Year follow-up of laryngeal precancerous
96  

1. Baletic N, Malicevic H, Petrovic Z, Marinkovic-Eric J, Peric A.
Advantages and limitations of the autofluorescent diagnostics
of the laryngeal cancer and precancerosis. Eur Arch Otorhino-
laryngol. 2010;267:925---31.

2. Zeitels SM. Premalignant epithelium and microinvasive cancer
of the vocal fold: the evolution of phonomicrosurgical manage-
ment. Laryngoscope. 1995;105:1---51.

3. Brouns E, Baart J, Karagozoglu K, Aartman I, Bloemena E, van

der Waal I. Malignant transformation of oral leukoplakia in a
well-defined cohort of 144 patients. Oral Dis. 2014;20:e19---24.

4. Hamadah O, Goodson ML, Thomson PJ. Clinicopathological
behaviour of multiple oral dysplastic lesions compared with

3

Chen  M  et  al.

that of single lesions. Br J Oral Maxillofac Surg. 2010;48:
503---6.

5. Ryser MD, Lee WT, Ready NE, Leder KZ, Foo J. Quantifying
the dynamics of field cancerization in tobacco-related head
and neck cancer: a multiscale modeling approach. Cancer Res.
2016;76:7078---88.

6. Zhang HK, Liu HG. Is severe dysplasia the same lesion as car-
lesions. Acta Otolaryngol. 2012;132:325---8.
7. Thompson LD. Laryngeal dysplasia, squamous cell carcinoma,

and variants. Surg Pathol Clin. 2017;10:15---33.

http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0340
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0345
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0350
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0355
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0360
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0365
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370
http://refhub.elsevier.com/S1808-8694(18)30310-0/sbref0370

	A morphological classification for vocal fold leukoplakia
	Introduction
	Methods
	Patients
	Clinical data
	Morphological types
	Treatment
	Histological assessment
	Statistical analysis

	Results
	Discussion
	Conclusion
	Funding
	Conflicts of interest
	References


