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Abstract
Introduction:  Only  5%---15%  of  thyroid  surgical  specimens  are  reported  as  malignant.  Most  of  the
operations  are  performed  due  to  suspicion  of  malignancy  as  a  result  of  fine  needle  aspiration
biopsy but  invasiveness,  non-diagnostic  results  and  potential  repeat  biopsies  are  disadvantages
of fine  needle  aspiration  biopsy.
Objective:  The  aim  of  this  study  was  to  investigate  the  effectiveness  of  simultaneously  using
both the  strain  ratio  and  elasticity  score  in  the  differential  diagnosis  of  thyroid  nodules,  as  well
as to  assess  the  compatibility  of  these  two  methods.
Methods:  A  total  of  144  nodules  were  included  in  the  study.  The  final  histopathologic  diagnosis
was used  as  the  reference  standard.  The  area  under  the  curve  sensitivity,  specificity,  and  cut-
off values  of  the  strain  ratio  and  elasticity  score  were  determined  using  receiver  operating
characteristic  curve  analysis.  The  compatibility  and  comparison  of  strain  ratio  and  elasticity
score were  also  performed.
Results:  Twenty  eight  nodules  (19.4%)  were  malignant.  The  strain  ratio  and  elasticity  score
results were  found  to  be  significantly  successful  in  predicting  thyroid  malignancy  (p  <  0.001  for
both). Moreover,  the  area  under  the  curve  for  the  strain  ratio  and  elasticity  score  were  found
to be  0.944  and  0.960,  respectively.  The  diagnostic  accuracy  of  the  elasticity  score  was  found
to be  superior  to  that  of  the  strain  ratio,  but  this  difference  was  not  statistically  significant

(p =  0.456).  When  the  compatibility  of  the  strain  ratio  and  elasticity  score  was  examined,  the

aled  to  be  statistically  consistent  with  each  other  (Kappa  =  0.767;
 ratio  and  the  elasticity  score  were  used  together,  the  specificity  of
osis  increased  from  84.5%  to  93.1%.
two evaluations  were  reve
p <  0.001).  When  the  strain
capturing  the  correct  diagn
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Conclusion:  When  the  strain  ratio  an  elasticity  score  were  used  together  for  the  differen-
tial diagnosis  of  thyroid  nodules,  more  accurate  results  were  obtained.  Thus,  combining  both
methods may  be  a  promising  alternative  to  fine  needle  aspiration  biopsy  in  order  to  prevent
unnecessary  surgical  interventions  for  suspected  thyroid  nodules.
© 2020  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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hyroid  nodular  disease  is  commonly  detected  in  geo-
raphic  areas  with  known  iodine  deficiency.  The  thyroid
odules  can  be  detected  via  palpation  in  4%---7%  of
ases  using  Ultrasonography  (US)  in  27%---67%  of  the  gen-
ral  adult  population.1,2 Additional  imaging  modalities  are
eeded  to  detect  malignancies  that  comprise  approxi-
ately  5%---15%  of  all  thyroid  nodules,  since  the  number

f  nodules  increases  with  the  development  of  such  medical
maging.3

Ultrasonography  (US)  provides  valuable  information
egarding  the  presence  of  malignancy,  but  it  is  not  always
uccessful  in  distinguishing  between  benign  and  malignant
esions.  Therefore,  Fine  Needle  Aspiration  Biopsy  (FNAB)
s  required  for  those  with  conspicuous  ultrasonographic
eatures4,5;  however,  FNAB  is  an  invasive  procedure  and  has

 90%  diagnosis  sensitivity  for  thyroid  cancer.6,7

Palpation  is  the  most  traditional  and  basic  detection
ethod  for  the  diagnosis  of  thyroid  lesions.  Nodules  with

uspected  malignancy  usually  have  a  harder  structure
han  others;  however,  palpation  is  a  subjective  detection
ethod,  since  it  can  be  impacted  by  the  location  and  size

f  the  nodule  as  well  as  the  experience  of  the  clinician.8

train  Elastography  (SE)  aims  to  provide  a  real-time,  nonin-
asive  characterization  of  tissue  stiffness  in  the  same  session
s  conventional  ultrasound  imaging  and  without  the  use  of  a
ontrast  agent.9 This  method  is  based  on  the  fact  that  hard
issues  are  associated  with  an  increased  risk  of  malignancy.
n  average,  benign  thyroid  nodules  are  1.7  times  and  malig-
ant  thyroid  nodules  are  5  times  stiffer  than  normal  thyroid
issue.  Moreover,  the  elastic  coefficients  and  color  scale
btained  from  this  study  enable  a  different  analysis  of  the
xamined  lesion  and  surrounding  tissues,  making  it  possible
o  quantify  nodule  stiffness  in  comparison  to  the  surrounding
arenchyma.  This  method  has  been  proposed  to  differenti-
te  benign  thyroid  nodules  from  malignant  ones,  and  several
uthors  have  investigated  its  usefulness.10 SE  is  also  used  to
valuate  different  clinical  situations,  such  as  the  distinc-
ion  between  autoimmune  thyroid  lesions,  breast  tumors,
nd  so  on.11,12 There  are  two  methods  for  evaluating  the
iagnostic  effectiveness  of  SE:  the  elasticity  score,  which
mploys  qualitative  assessment  via  color  coding,  and  the
train  ratio,  which  is  a  semi-quantitative  evaluation  using
umerical  parameters.13

Previous  studies  have  compared  the  clinical  value  of  both

he  elasticity  score  and/or  strain  ratio  in  the  differential
iagnosis  of  thyroid  nodules.  The  aim  of  this  study  was
o  once  again  evaluate  the  effectiveness  of  the  two  tech-
iques,  to  assess  their  compatibility,  and  to  investigate  the
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ffectiveness  of  using  these  methods  together  rather  than
eparately.

ethods

his  prospective  study  was  conducted  in  compliance  with
he  Helsinki  Declaration  and  the  good  clinical  practice  guide-
ines  from  the  Ministry  of  Health  of  Turkey.  The  study
as  approved  by  the  local  ethics  committee  of  the  Adana
umune  Research  and  Training  Hospital  in  Adana,  Turkey
EK  2013/22).  All  patients  provided  written,  informed  con-
ent  to  participate  in  the  study.  Informed  consent  from
atients  under  18  years  of  age  was  provided  by  their  par-
nts.  Histopathologic  results  were  used  as  the  reference
tandards.

tudy  population

atients  who  were  admitted  to  the  otorhinolaryngology  and
eneral  surgery  clinics  in  Adana  Numune  Research  and  Train-
ng  Hospital  (Adana,  Turkey)  for  thyroidectomy  according
o  preoperative  clinical  evaluation  were  included  in  the
resent  study,  which  resulted  in  a  total  of  144  nodules  from
23  patients.

The  existence  of  pure  cystic  lesions,  insufficient  normal
issue  surrounding  the  measured  nodule,  isthmic  nodules,
odules  larger  than  40  mm,  rough  calcification  and  autoim-
une  thyroid  disease  were  all  exclusion  criteria.  The

nclusion  criterion  was  the  presence  of  single  or  multiple
odules  ≤40  mm  and  no  history  of  the  thyroid  operation.
emographic  and  laboratory  data,  including  age,  gender  and
NA  results  were  also  recorded.  The  final  histopathologic
iagnoses  were  used  as  the  reference  standards.

maging  methods

oth  B-mode  ultrasound  and  strain  elastography  were  per-
ormed  using  an  Aplio  500  ultrasound  machine  (Toshiba
edical  Systems,  Co.,  Ltd.,  Otawara,  Japan)  with  linear
.8---11  MHz  transducers  as  well  as  elastography  software.
wo  radiologists,  both  with  thyroidal  imaging  experience
f  more  than  eight  years  and  thyroid  elastography  experi-
nce  of  at  least  two  years  performed  all  the  measurements.
pecifically,  one  radiologist  performed  the  strain  elastog-

aphy,  measuring  SR  and  image  recording  (FFG),  while  the
ther  determined  the  elastography  score  over  recorded
mage  without  being  aware  of  the  SR  value  and  B-mode
S  view  (ASK).  The  radiologists  were  blinded  to  the  clinical

9
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Figure  1  Dual  screen  B-mode  ultrasound  imaging  (right)  and
US elastogram  (left)  reveal  large  proportions  of  hard  blue
regions  with  a  few  light  green  areas  mixed  in  (score  of  3).  The
average  strain  ratio  was  8.60.  The  histopathological  examina-
t
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Figure  2  Image  of  a  38  year-old  woman  from  a  dual  screen  US
elastogram.  The  nodule  exhibits  a  small  degree  of  stiffness  with
a mixed  color  of  mostly  green,  a  little  blue  areas  consistent  with
a score  of  2.  The  strain  ratio  was  1.20.  These  results  indicated
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Clinical  and  demographic  findings
ion revealed  a  papillary  thyroid  carcinoma.

ndings,  laboratory  results,  FNAB  results  and  the  suspected
ifferential  diagnosis  of  the  patients.

A  routine  B-mode  ultrasound  evaluation  was  obtained
y  having  patients  positioned  on  their  backs  with  their
ecks  slightly  extended.  B-mode  ultrasonographic  nodule
eatures,  such  as  size  and  side  location  (e.g.,  right,  left),
ere  recorded.  SE  was  performed  with  a  conventional  ultra-

ound  probe  during  a  single  US  examination  session  using
oftware  connected  to  the  machine.  The  probe  was  posi-
ioned  perpendicular  to  the  skin  when  pressure  was  applied,
nd  lateral  movement  was  avoided.  The  great  cervical  ves-
els  were  also  avoided  as  much  as  possible.  Additionally,
trong  initial  compression  was  avoided  due  to  the  possibil-
ty  of  increasing  the  probability  of  false  negative  results.
atients  were  asked  to  hold  their  breath  and  not  swallow
uring  the  examination  in  order  to  minimize  the  movement
f  the  thyroid  gland.  After  approximately  seven  to  eight
ompression---relaxation  cycles,  the  elastographic  examina-
ions  were  finalized.  SR  value  measurements  were  obtained
rom  appropriate  relaxation  waves  on  the  velocity  profile,
nd  the  SR  was  automatically  calculated  by  the  software.
ach  nodule  was  assessed  based  on  different  static  images  at
east  three  times,  with  the  mean  value  recorded  as  the  final
esult.  The  radiologist  performed  the  examination  and  eval-
ation  for  approximately  5---7  min  for  each  patient.  For  the
R,  the  radiologist  selected  the  rounded  Region-Of-Interest
ROI),  including  the  thyroid  nodule  and  surrounding  normal
hyroid  tissue  or  the  ipsolateral  Sternocleidomastoid  Muscle
SCM),  as  a  reference  in  order  to  provide  a  semi-quantitative
nalysis.  The  elastography  score  was  also  measured  via  the
ame  method  and  determined  by  a  color  scale,  ranging
rom  green  (i.e.,  softest  components)  to  blue  (i.e.,  hardest
omponents).  According  to  this  assessment  system,  softer
esions  are  assigned  lower  elastography  scores,  while  stiffer
esions  are  assigned  higher  elastography  scores.  The  gray-
cale  images  on  the  right  and  images  of  the  strain  elastogram

n  the  left  were  displayed  on  the  same  screen  for  both
ethods  (Figs.  1---2).
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34
 benign  form  of  the  disease,  and  histopathology  confirmed  a
enign nodule.

Elastography  score  was  based  on  a  four-point  scale
ccording  to  the  classification  proposed  by  Asteria  et  al.
Fig.  3).14

tatistical  analysis

 Shapiro  Wilk  test  was  used  to  check  the  normality  of  the
ontinuous  variables,  while  a  student’s  t-test  was  used  to
ompare  the  mean  of  the  two  independent  groups.  Descrip-
ive  statistics  were  expressed  as  mean,  standard  deviation,
nd  minimum  and  maximum  values.  In  the  analysis  of  the
ategorical  variables,  a  Chi-Square  test  was  used,  while  a
isher  Exact  test  was  used  for  comparisons  of  more  than  five
bservations  over  20%.  According  to  the  histopathological
esults,  the  Receiver  Operating  Characteristic  (ROC)  analy-
is  was  used  to  determine  the  cut-off  point  for  the  Strain
atio  and  Elastography  Score  and  to  evaluate  the  diagnostic
est  performances.  The  area  under  each  curve  was  com-
ared  with  the  method  proposed  by  DeLong  et  al.  (1988).
escriptive  statistics  were  expressed  as  the  area  under
he  curve  (AUC)  (95%  Confidence  Interval),  sensitivity  (95%
onfidence  Interval),  and  specificity  (95%  confidence  inter-
al).  The  Kappa  statistic  was  calculated  while  investigating
heir  conformity  to  the  cut  points  calculated  for  the  SR  and
S.  Since  the  FNAB  results  are  categorical  data,  sensitivity
95%  Confidence  Interval),  specificity  (95%  Confidence  Inter-
al),  positive  predicted  value  (PPV  95%  Confidence  Interval)
nd  negative  predicted  value  (NPV  95%  Confidence  Interval)
ere  calculated.  The  statistical  significance  level  was  taken
s  0.05  for  all  analyzes.  Data  analysis  was  performed  using
he  free  trial  version  of  Medcalc  18.10.2.

esults
 total  of  144  nodules  from  123  patients  (87  females,  36
ales;  mean  age:  45.33  ±  12.47  years;  range:  15---79  years)

0
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Almost the whole tumor is in hard

blue with some light green and red

areas

Almost the whole tumor is in light

green with some peripheral and/or

central blue areas

Homogeneously green

Figure  3  Elasticity  Score  (ES)  of  thyroid  nodules  and  its  corresponding  elastographic  pattern  proposed  be  Asteria  et  al.14

Table  1  Demographic  and  nodule  characteristics  of  the  study  population.

Benign  Malign  Total  p

Age  (Mean  ±  SD)  (Min---Max)  45.95  ±  12.27  (15---79)  43.01  ±  13.58  (21---63)  45.33  ±  12.47  (15---79)  0.414
Gender 0.567
Female 67  (69.1%)  20  (76.9%)  87  (70.7%)
Male 30  (30.9%)  6  (23.1%)  36  (29.3%)
Nodule location 0.753
Right  68  (58.6%)  15  (53.6%)  83  (%57.6)
Left 48  (41.4%)  13  (46.4%)  61  (%42.4)

17.93  ±  4.79  (11---27)  17.23  ±  8.01  (8---40)  0.677
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Figure  4  ROC  curve  analysis  for  the  differential  diagnosis  of
benign and  malignant  nodules  using  the  SR.  AUC  was  0.944  with
100.0% sensitivity  and  84.5%  specificity.
Nodule size  (Mean  ±  SD)  (Min---Max)  17.03  ±  7.45  (8---40)  

ere  included  in  the  study.  The  mean  size  of  the  nodules  was
7.23  ±  8.01  mm  (within  a  range  of  8---40  mm).  There  were
o  statistically  significant  differences  between  benign  and
align  histopathology  groups  based  on  age,  gender,  nodule

ize,  or  nodule  location  (Table  1).

omparison  of  the  diagnostic  performance  of  the
R and  ES

he  strain  ratio,  elastography  score  and  FNAB  results  were
ound  to  be  significantly  successful  in  differentiating  benign-
align  histopathology  (p  <  0.001  for  three)  (Table  2).
In  terms  of  distinguishing  malignancy,  the  AUC  for  the

train  ratio  was  found  to  be  0.944  and  the  cut-off  point  was
etermined  to  be  >3.59  (p  <  0.001).  For  the  ES,  the  AUC  was
ound  to  be  0.960  and  the  cut-off  point  was  determined  to
e  ≥3  (p  <  0.001)  (Table  3,  Figs.  4---5).  When  comparing  the
reas  under  the  curve  for  the  two  methods,  the  difference
as  found  to  be  0.016,  which  was  not  statistically  signifi-
ant  (p  =  0.456)  (Fig.  6).  The  diagnostic  accuracy  of  the  SR
as  superior  to  that  of  ES,  but  this  difference  was  also  not

tatistically  significant  (Table  3).

he  compatibility  and  effect  of  the  co-use  of  the

R and  ES

hen  the  compatibility  of  the  SR  and  ES  were  examined,
t  was  observed  that  the  two  evaluations  were  statisti-

c
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ally  consistent  with  each  other  (Kappa  =  0.767;  p  <  0.001)
Table  4).  When  the  SR  and  ES  were  used  together  in  pre-

icting  thyroid  malignancy,  the  specificity  of  capturing  the
orrect  diagnosis  increased  to  93.1%  (Table  5).

1
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Table  2  Comparison  of  histopathological  diagnosis  according  to  strain  ratio,  elastography  score,  and  FNAB  results.

Benign,  n  (%)  Malign,  n  (%)  p

Strain  ratio  ≤  3.59 98  (84.5%) 0  (0.0%) <0.001
Strain ratio  >  3.59  18  (15.5%)  28  (100.0%)
Total, n  (%)  116  (100%)  28  (100.0%)
Elastography  score  1---2  100  (86.2%)  0  (0.0%) <0.001
Elastography  score  3---4  16  (13.8%)  28  (100.0%)
Total 116  (100%)  28  (100.0%)
FNAB benign  106  (91.4%)  1  (3.6%) <0.001
FNAB non-diagnostic  4  (3.4%)  19  (67.8%)
FNAB malign 6  (5.2%) 8  (28.6%)
Total 116  (100%) 28  (100.0%)

Table  3  Comparison  of  the  diagnostic  performance  of  the  SR,  the  ES  and  FNAB.

Area  under
curve  (95%  CI)

Sensitivity  (95%  CI)  Specificity  (95%  CI)  Cut  off  value  p

Strain  ratio  94.4  (86.3---98.5)  100.0  (75.3---100.0)  84.5  (72.6---92.7)  >3.59  <0.001
Elastography  score  96.0  (88.4---99.2)  100.0  (77.5---100.0)  86.2  (74.6---93.9)  ≥3  <0.001
FNAB results  93.0  (84.6---97.0)  100  (79.1---100.0)  91.4  (81.0---97.1)  ---  <0.001
Difference between  areas  (SR-ES)  1.60  (−2.49  to  5,54)  0.456

Table  4  Compatibility  of  the  SR  and  ES.

Strain  ratio  ≤  3.59  Strain  ratio  >  3.59  Total  Kappa  value  p

Elastography  score  1---2  92  8  100 0.767  <0.001
Elastography  score  3---4  6  38  44
Total 98  46  144

Table  5  Analysis  of  the  SR  and  ES  together  in  predicting  thyroid  malignancy.

Classification  resultsa

Pathology Predicted  group  membership Total

Benign  Malignant

Original Count Benign  (%)  106  (91.4)  10  (8.6)  116  (100.0)
Malignant  (%)  0  (0.0)  28  (100.0)  28  (100.0)

o fina

D

T
w
m
a
S
m
o
f

t
t
r

n
n
s
p
t
t
l
s
n
d

a 93.1% of original grouped cases correctly classified according t

iscussion

his  study  demonstrated  that  the  SR,  the  ES  and  FNAB  results
ere  significantly  successful  in  differentiating  benign-
align  histopathology  (p  <  0.001  for  three).  There  was  also

 positive  correlation  as  well  as  compatibility  between  the
R  values  and  ES  scores  (Kappa  =  0.767;  p  <  0.001).  Further-
ore,  the  present  study  found  that  the  diagnostic  accuracy

f  the  SE  was  superior  to  that  of  the  SR;  however,  this  dif-
erence  was  not  statistically  significant.
US  examination  is  an  appropriate  method  for  examining
hyroid  nodules,  but  its  usage  prevalenc  and  success  in  dis-
inguishing  between  benign  and  malignant  thyroid  nodules  is
elatively  small.  Conventional  US  also  does  not  provide  the

o
S
i
n
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l pathology results using the two techniques together.

ecessary  information  regarding  the  stiffness  of  the  thyroid
odule.15 Therefore,  elastography,  a  non-invasive  method
een  as  a type  of  electronic  palpation,  can  be  used  for  this
urpose,  since  it  can  provide  objective  information  about
he  stiffness  of  the  tissue.  Depending  on  the  content  of
he  nodule,  thyroid  lesions  may  exhibit  different  stiffness
evels.  Since  the  thyroid  gland  is  a  superficial  organ,  it  is
uitable  for  elastography  that  is  also  used  for  cervical  lymph
odes,  because  external  deformation  is  relatively  easy  to
etect.16 However,  elastography  can  be  influenced  by  radi-

logist  experience  as  well  as  degree  of  compression  applied.
ome  have  suggested,  in  previous  ex  vivo  and  in  vivo  stud-
es,  that  there  is  a  clear  difference  between  the  stiffness  of
ormal  thyroid  tissue  and  thyroid  tumors.17,18
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Figure  5  ROC  curve  for  the  ES  to  diagnose  thyroid  malignancy
with an  AUC  of  0.960.  The  sensitivity  and  specificity  were  100.0%
and 86.2%,  respectively.
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Figure  6  ROC  curves  for  distinguishing  between  malignant
and benign  thyroid  nodules.  The  blue  line  represents  the  SR
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OC curve,  while  the  green  curved  line  represents  the  ES  ROC
urve. The  difference  between  the  AUCs  was  found  to  be  0.016
p =  0.456).

SE  is  a  non-invasive,  ultrasound-based  method  that  pro-
ides  a  qualitative  and  semi-quantitative  evaluation  of
issue  stiffness  using  conventional  ultrasound  probes.  The
easurement  of  tissue  elasticity  is  based  on  the  stress

nd  strain  of  the  tissue  being  examined.  The  ES  and  SR
re  used  as  diagnostic  parameters  for  SE.19 In  the  present
tudy,  both  methods  (ES  and  SR)  were  used  to  evaluate
he  elasticity  of  thyroid  nodules.  The  ES  evaluation  is
ased  on  four  scales  that  assess  tissue  stiffness  within  a

esion.  In  this  evaluation  system,  softer  lesions  are  rep-
esented  by  lower  elastography  scores  (green  color)  and
tiffer  lesions  by  higher  elastography  scores  (blue  color).14

egions  of  interest  were  selected  on  the  target  lesion  and

t
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he  adjacent  reference  thyroid  tissue  or  same  side  SCM
or  the  SR.  An  SR  of  >1  reveals  that  the  target  lesion  has

 higher  stiffness  than  the  reference  tissue.  The  malig-
ancy  rate  of  a  lesion  was  considered  to  be  higher  with
ncreased  SR  and  lower  with  reduced  SR.  Benign  soft-
issue  lesions  were  assumed  to  be  stiffer  than  normal  tissue
nd  softer  than  cancers.20,21 Some  valuable  advantages
f  SE  are  its  non-invasiveness,  its  performance  simplic-
ty,  and  its  suitability  for  routine  ultrasound  examinations.
E  methods  require  experienced  sonographers,  because
hey  are  difficult  to  standardize  for  freehand  compression,
nd  non-uniform  compression  can  be  introduced  by  dif-
erent  operators,  causing  potential  inter  -or  intra-observer
ariation.22

Both  the  SR  and  ES  values  of  malignant  thyroid  nod-
les  are  higher  than  their  benign  counterparts.9,23 In
ome  studies,  SR  is  more  successful  than  the  grading
ethod  at  identifying  malignancy;  it  is  able  to  provide

emi-quantitative  information  about  thyroid  nodules  that
mproves  overall  diagnostic  confidence.19,24 In  their  study,
a  et  al.  found  that  the  SR  exhibited  a  better  diagnostic
erformance  than  the  ES.25 This  finding  was  also  confirmed
n  a  good  meta-analysis,  in  which  the  SR  was  accepted  as  a
etter  predictor  of  thyroid  malignancy.26 For  the  identifica-
ion  of  papillary  thyroid  cancer,  SR  was  also  found  useful.27

oreover,  two  subsequent  studies  revealed  that  the  SR  mea-
urements  had  sensitivities  of  82%  and  97.8%  and  specificities
f  96%  and  85.7%,  respectively.9,28 In  the  present  study,  the
ensitivities  and  specificities  of  the  SR  values  were  100%
nd  84.5%,  respectively,  when  the  best  cutoff  point  of  3.59
as  used.  The  usefulness  of  thyroid  elastography  to  predict

hyroid  cancer  was  demonstrated  in  two  other  studies.18,29

n  addition  to  these  findings,  the  ES  also  exhibited  promis-
ng  results  with  a  high  degree  of  accuracy  in  differentiating
etween  benign  and  malignant  thyroid  nodules  in  various
ther  studies.14,30---32 Elasticity  scores  3---4  and  a  strain  ratio
3.59  were  found  more  frequently  for  malignant  than  benign
odules  in  the  present  study.  When  comparing  the  AUC  for
he  two  methods,  ES  was  found  to  be  greater  than  the  SR
valuation  (0.960  vs.  0.944,  respectively),  but  this  differ-
nce  was  found  to  be  0.016,  which  was  not  statistically
ignificant  (p  =  0.456).

Sun  et  al.,19 in  their  meta-analysis,  found  a  higher  sen-
itivity  for  ES  but  a  higher  specificity  for  SR,  with  lower
pecificity  for  ES  in  nodules  with  nondiagnostic  cytologic
ndings.  However,  the  study  by  Lippolis  et  al.33 revealed
he  opposite  results  for  thyroid  nodules  with  indeterminate
ytology.  It  should  also  be  noted  that  SE  is  not  recom-
ended  for  medullary  thyroid  carcinoma  and  follicular

hyroid  carcinoma  diagnosis  due  to  an  excess  of  false-
egative  results.34,35

The  present  results  confirmed  the  usefulness  of  ES  and
R  in  detecting  malignant  thyroid  nodules  with  high  sen-
itivity  and  specificity.  The  SR  used  together  with  ES  in
redicting  thyroid  malignancy  exhibited  a  better  diagnos-
ic  performance  (capturing  the  correct  diagnosis  increased
o  93.1%)  than  the  use  of  SR  alone.  This  result  showed  that
ombining  these  methods  is  a  significantly  stronger  predic-

or  of  malignancy  for  solid  thyroid  nodules.  To  the  best  of
ur  knowledge,  the  present  study  is  one  of  the  first  combin-
ng  the  SR  and  ES  values  as  a  reliable  tool  for  the  differential
iagnosis  of  thyroid  nodules.
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Shrestha  et  al.  reported  that  the  sub-centimeter  nodules
ad  the  highest  malignancy  rate.36 The  American  Associa-
ion  of  Clinical  Endocrinologists  also  recommended  biopsy
or  nodules  ≤1  cm  in  diameter  and  with  suspicious  US
eatures.37 Nodules  of  5  mm  or  less  produce  high  false  pos-
tive  US  findings  and  often  provide  insufficient  cytology  in
NAB.38 US-guided  FNAB  has  been  commonly  used  as  the
tandard  diagnostic  tool  for  thyroid  nodules,  exhibiting  good
erformance.  Disadvantages  of  US-FNAB  include  its  inva-
iveness,  sampling  errors,  and  inadequate  non-diagnostic
esults  for  about  20%---30%  of  FNABs,  which  leads  to  repeat
iopsies.3,7,21,39 A  significant  percentage  of  thyroid  nod-
le  FNABs  reveal  benign  findings;  therefore,  it  is  not  an
ppropriate  evaluation  of  all  thyroid  nodules  due  to  the
requent  occurrence  of  such  nodules.  It  has  been  reported
hat  elastography  as  a  noninvasive  method  may  circumvent
he  need  for  biopsy  in  many  patients  with  thyroid  nod-
les,  potentially  reducing  the  percentage  of  unnecessary
NABs  to  53%---60.8%.37,40 In  our  study,  we  found  that  the
enign----malignant  discrimination  specificity  of  FNAB  alone
as  91.4%,  whereas  when  SR  and  ES  were  used  together,  this
iscrimination  rate  was  93.1%.

The  number  of  patients  diagnosed  with  benign  thyroid
odules  as  their  final  diagnosis  is  much  higher  than  the  num-
er  of  patients  diagnosed  with  malignant  nodules.  Due  to  the
igh  number  of  the  thyroid  nodules,  invasiveness,  and  cost
ncreases,  FNAB  cannot  be  performed  for  each  patient.  This
lso  means  a  waste  of  resources  and  money.  The  strain  elas-
ography  (The  SR  and  ES)  has  excellent  diagnostic  efficiency
n  terms  of  differentiating  between  benign  and  malignant
hyroid  nodules  and  can  also  be  used  to  determine  which
odules  require  FNAB  and  which  patients  require  repeat
NAB.

The  present  study  had  some  limitations:  first,  the  sam-
le  size  was  not  large  enough.  Secondly,  patients  selected
or  surgery  were  included  in  the  study;  therefore,  the  preva-
ence  of  malignancy  in  the  study  could  be  higher  than  that  of
he  general  population.  Moreover,  the  compression  maneu-
ers  performed  with  the  transducer  can  cause  excessive
tiffness,  especially  in  superficial  tissues,  which  could  lead
o  misdiagnosis.  To  prevent  this  event,  the  present  clinician,
ho  had  at  least  two  years  of  experience  with  elastogra-
hy,  maintained  light  contact  on  the  probe  before  beginning
he  cycles  of  palpations.  Additionally,  measurements  were
epeated  at  least  three  times,  and  mean  values  were  used
o  reduce  intra-observer  variability.  Nodules  larger  than
0  mm,  pure  cystic  and  shell-calcified  nodules  were  also
voided  due  to  difficulties  in  measuring  their  elasticities.

onclusions

n  our  study,  we  found  that  the  strain  elastography  in  which
R  and  ES  were  evaluated  together,  was  able  to  distinguish
enign-malignant  thyroid  nodules  at  least  as  accurately  as  or
ven  slightly  more  accurately,  than  FNAB.  We  propose  that
his  co-use  can  be  a  promising  fast-resulting  non-invasive
lternative  to  FNAB  whose  result  requires  considerable  time

nd  provide  the  avoidance  of  unnecessary  surgical  interven-
ions  for  suspected  thyroid  nodules.  We  propose  that  it  is
ime  for  the  strain  elastography  to  take  its  deserved  place
n  the  diagnostic  algorithm  of  thyroid  nodules.  Specifically,

1

34
lü  and  A.S.  Koç

arge,  multicenter,  prospective  studies  of  a  larger  popula-
ion  are  needed  to  measure  the  effectiveness  of  the  co-use
f  the  SR  and  ES  in  order  to  validate  these  results.
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3. Cakir B, Aydin C, Korukluoğlu B, Ozdemir D, Sisman IC, Tüzün
D, et al. Diagnostic value of elastosonographically determined
strain index in the differential diagnosis of benign and malignant
thyroid nodules. Endocrine. 2011;39:89---98.

4. Wang H, Brylka D, Sun LN, Lin YQ, Sui GQ, Gao J. Comparison
of strain ratio with elastography score system in differenti-
ating malignant from benign thyroid nodules. Clin Imaging.
2013;37:50---5.

5. Ma HJ, Yang JC, Leng ZP, Chang Y, Kang H, Teng LH. Preoperative
prediction of papillary thyroid microcarcinoma via multiparam-
eter ultrasound. Acta Radiol. 2017;58:1303---11.

6. Razavi SA, Hadduck TA, Sadigh G, Dwamena BA. Compar-
ative effectiveness of elastographic and B-mode ultrasound
criteria for diagnostic discrimination of thyroid nodules: a meta-
analysis. AJR Am J Roentgenol. 2013;200:1317---26.

7. Dighe M, Luo S, Cuevas C, Kim Y. Efficacy of thyroid ultrasound
elastography in differential diagnosis of small thyroid nodules.
Eur J Radiol. 2013;82:e274---80.

8. Xing P, Wu L, Zhang C, Li S, Liu C, Wu C. Differentiation of benign

from malignant thyroid lesions: calculation of the strain ratio
on thyroid sonoelastography. J Ultrasound Med. 2011;30:663---9.

9. Cantisani V, D’Andrea V, Biancari F, Medvedyeva O, Di Segni
M, Olive M, et al. Prospective evaluation of multiparametric

34
gology  2021;87(3):338---345

ultrasound and quantitative elastosonography in the differential
diagnosis of benign and malignant thyroid nodules: preliminary
experience. Eur J Radiol. 2012;81:2678---83.

0. Chong Y, Shin J, Ko ES, Han BK. Ultrasonographic elastography of
thyroid nodules: is adding strain ratio to colour mapping better?
Clin Radiol. 2013;68:1241---6.
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