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Abstract
Purpose:  To  analyze  the  influence  of  radiologic  expertise  in  detecting  lung  tumors  on  chest
radiographs.
Materials  and  methods:  We  retrieved  posteroanterior  chest  radiographs  and  CT  examination
obtained  from  283  patients  with  solitary  primary  malignant  lung  tumors  who  underwent  surgical
resection.  There  were  176  men  and  107  women  with  a  mean  age  of  67.0  ±  9.1  (SD)  years  (range:
33—88 years).  Thirteen  first-year  post-graduate  (PGY-1)  trainees  and  nine  pulmonary  specialists
(three radiologists,  three  thoracic  surgeons,  and  three  pulmonologists)  interpreted  the  chest
radiographs.  Detection  rates  among  trainees  and  specialists  were  compared  using  Student  t
test.
Results: The  total  numbers  of  detected  tumors  ranged  from  103  (36.4%)  to  136  (48.1%)  with
a mean  of  127.9  ±  9.1  (45.2  ±  3.2%)  in  the  trainee  group,  and  137  (48.4%)  to  182  (64.3%)  with
a mean  of  161.6  ±  13.1  (57.1  ±  4.6%)  in  the  specialist  group;  the  intergroup  difference  was

statistically  significant  (P  <  0.001).  Significant  intergroup  detectability  differences  of  >10%  were

noted for  tumors  in  the  peripheral  zone  with  (i)  ground  glass  opacity  (GGO)  ratio  ≥10%  and  <70%
and any  size,  or  (ii)  GGO  ratio  <10%  and  size  ≤2  cm;  and  for  tumors  hidden  by  the  mediastinum,
heart, or  diaphragm  with  (i)  GGO  ratio  ≥10%  and  <30%  and  size  >3  cm,  or  (ii)  GGO  ratio  <10%
and size  >2  cm.
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Conclusion:  Our  study  demonstrates  significant  differences  in  lung  tumor  detectability  on  chest
radiographs  between  PGY-1  trainees  and  pulmonary  specialists  according  to  tumor  size,  extent
of GGO,  and  tumor  location.

© 2018  Société  française  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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hest  radiography  remains  the  initial  imaging  modality  for
he  investigation  of  lung  abnormalities,  although  the  utility
f  chest  radiography  for  the  screening  of  lung  abnormali-
ies  is  limited  due  to  its  low  diagnostic  capability  [1—4].
otably,  chest  radiography  is  commonly  used  in  daily  rou-
ine  and  is  the  second-most  frequently  used  medical  test,
fter  electrocardiogram  [5].  Therefore,  the  ability  to  read
hest  radiography  is  required,  not  only  for  specialists  in
adiology  or  pulmonology,  but  for  physicians  with  other  spe-
ialty.  In  addition,  it  has  been  demonstrated  that  technical
naccuracies  of  image  interpretation  are  a  major  reason  for
isdiagnoses  on  chest  radiographs  [6—9];  increasing  chest

adiograph  interpretation  skills  requires  abundant  experi-
nce  and  training  that  results  in  more  effective  use  of
isual  search  [10,11].  Therefore,  chest  radiography  remains

 ‘‘must-learn’’  topic  in  post-graduate  training.
Currently,  however,  the  time  involved  in  training  of

hest  radiography  has  been  reduced,  because  of  training
or  other  types  of  image  interpretation  [5,12].  Fabre  et  al.
emonstrated  a  lack  of  skills  among  residents  for  read-
ng  chest  radiographs  related  to  theoretical  background,
nd  suggested  the  importance  of  training  courses  for  chest
adiographs  in  residency  programs  [12].  Therefore,  effective
easures  must  be  implemented  to  ensure  that  physicians  in

raining,  who  must  have  a  large  knowledge  but  can  spend
 limited  period  of  time  for  studying  radiological  image
nterpretation,  receive  appropriate  training  for  the  skills
equired  to  interpret  chest  radiographs.  Notably,  under-
tanding  the  imaging  characteristics  of  lung  lesions  that
ause  differences  in  detectability  between  experts  and  non-
xperts  would  contribute  to  rational  case  selection  for
raining  regimens  involving  chest  radiographs.

Previous  reports  have  demonstrated  that  the  tumor  size,
xtent  of  ground  glass  opacity  (GGO),  and  tumor  loca-
ion  can  affect  the  detectability  of  lung  tumors  on  chest
adiographs  [6—8,13—16].  However,  it  is  unclear  how  these
actors  affect  the  detectability  according  to  reader  exper-
ise.

The  goal  of  this  study  was  to  analyze  the  influence  of
adiologic  expertise  in  detection  of  lung  tumors  on  chest
adiographs  by  comparing  detection  rates  between  first-year
ost-graduate  (PGY-1)  trainees  and  pulmonary  specialists,
ncluding  radiologists,  thoracic  surgeons,  and  pulmonolo-
ists.
aterials and methods

his  study  was  approved  by  the  appropriate  Institutional
eview  Board,  which  waived  the  requirement  for  written
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nformed  consent  due  to  the  retrospective  nature  of  the
tudy.

atients

mong  patients  presenting  with  surgically  resected,  solitary
rimary  malignant  lung  tumors  between  January  2011  and
ecember  2014,  the  data  of  283  patients  who  underwent
reoperative  posteroanterior  (PA)  chest  radiography  and
omputed  tomography  (CT)  examination  were  retrieved.
e  excluded  patients  with  multiple  lung  tumors,  past  tho-

acic  surgery,  calcified  tumors,  tumor-related  atelectasis,
nd  obstructive  pneumonia,  which  were  found  on  CT  exami-
ations.  Histologic  types  of  all  surgically  resected  specimens
ere  determined  on  the  basis  of  the  2015  WHO  Classifica-

ion  of  Tumors  of  the  Lung,  Pleura,  Thymus  and  Heart  [17].
he  patients  consisted  of  176  men  and  107  women  with  a
ean  age  of  67.0  ±  9.1  (SD)  years  (range:  33—88  years).  The

nterval  between  preoperative  chest  radiography  and  pre-
perative  CT  examination  ranged  from  0  to  76  days  (mean,
5  days).  All  chest  radiographs  were  anonymized  and  saved
n  DICOM  format.

mage acquisition

A  chest  radiographs  were  obtained  in  the  upright  position  at
20  kVp  with  automatic  exposure  control  (Hitachi  DHF-158
II,  Hitachi)  and  a  10:1  grid  (Konica  FDP,  Konica-Minolta).
T  examinations  were  performed  with  128  or  32  detector
ows  (Somatom  Definition  Flash

®
or  Biograph  mCT

®
;  Siemens

ealthineers).  The  collimation  width  of  each  detector  row
as  0.6  mm.  In  all  patients,  CT  scans  were  performed  in  the

upine  position  under  breath-holding  in  full  inspiration  with-
ut  intravenous  injection  of  iodinated  contrast  agents.  The
eam  pitch  was  0.6  to  1.2.  Contiguous  1  mm  thick  axial  CT
mages  in  the  lung  and  mediastinal  window  settings  were
econstructed  without  using  the  iterative  reconstruction
echnique.

mage analysis

reas  on  chest  radiographs  were  classified  into  three  main
ones  and  11  regions  (Fig.  1).  The  three  main  zones,  the
eripheral,  central  and  apical,  and  hidden  zones,  were
ivided  according  to  the  amount  of  anatomical  noise.  The
eripheral  zone  showed  the  least  anatomic  noise.  The  cen-

ral  and  apical  zone  were  partly  hindered  by  clavicles  or  hilar
essels.  The  hidden  zone  was  entirely  hindered  by  the  heart,
ediastinum,  or  diaphragm.  The  boundaries  of  the  medial
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Figure 1. The location scheme of the chest radiograph. Three
main zones and 11 regions on both sides are shown. The 11 regions
of the right (R-) and left (L-) lung were as follows: the apical lung
region (R-1 and L-1), the upper lateral lung region (R-2 and L-2),
the upper medial lung region (R-3 and L-3), the middle lateral lung
region (R-4 and L-4), the middle medial lung region (R-5 and L-5),
the lower lateral lung region (R-6 and L-6), the lower medial lung
region (R-7 and L-7), the upper mediastinal region (R-8 and L-8),
the middle mediastinal region (R-9 and L-9), the lower mediasti-
nal region (R-10 and L-10), and the subdiaphragmatic region (R-11
and L-11). The three main zones of the lung were (i) the peripheral
zone, (ii) the central and apical zone, and (iii) the hidden zone. The
peripheral zone showed the least anatomic noise and corresponded
to the entire range of the R-2, R-4, R-6, L-2, L-4, and L-6 areas. The
central and apical zone were partly hindered by clavicles or hilar
vessels and corresponded to the entire range of the R-1, R-3, R-5,
R-7, L-1, L-3, L-5, and L-7 areas. The hidden zone was entirely hin-

Figure 2. The tumor diameter was evaluated on 1 mm thick axial
CT images without contrast enhancement in the lung and medi-
astinal window settings, respectively. a, Tumor diameter in the
lung window (Dlung) was defined as the maximum diameter of the
tumor in the axial plane measured in the lung window setting (win-
dow level = −600, window width = 1600). b, Tumor diameter in the
mediastinum window (Dmed) was defined as the maximum diame-
ter in the mediastinum window setting (window level = 50, window
w
t

e
t
t

dered by the heart, mediastinum, or diaphragm and corresponded
to the entire range of the R-8, R-9, R-10, R-11, L-8, L-9, L-10, and
L-11 areas.

and  lateral  regions  were  defined  as  the  midline  between  the
outer  margin  of  the  mediastinum  and  the  lung.

Tumor  diameter  in  the  lung  window  (Dlung)  was  defined
as  the  maximum  diameter  of  the  tumor  in  the  axial  plane,
measured  in  the  lung  window  setting  (window  level  =  −600
HU,  window  width  =  1600  HU)  (Fig.  2A).  Tumor  diameter  in
the  mediastinum  window  (Dmed)  was  defined  as  the  maxi-
mum  diameter  in  the  mediastinum  window  setting  (window
level  =  50  HU,  window  width  =  350  HU)  (Fig.  2B).  Tumor  size
was  divided  into  four  classes:  Dlung ≤  2  cm,  Dlung >  2  cm  and
≤3  cm,  Dlung >  3  cm  and  ≤5  cm,  and  Dlung > 5  cm.

The  extent  of  GGO  was  quantified  by  the  GGO  ratio:  the
proportion  of  (Dlung—Dmed)  to  Dlung.  Tumors  were  divided  into
four  types  on  the  basis  of  the  GGO  ratio:  GGO-rich  (GGO
ratio,  ≥70%),  intermediate  (GGO  ratio,  ≥30%  and  <70%),
GGO-poor  (GGO  ratio,  ≥10%  and  <30%),  and  solid  (GGO  ratio,

<10%).

The  tumor  location  was  defined  as  one  of  11  regions  that
included  a  region  of  interest  (ROI)  where  the  tumor  existed
on  chest  radiography  (Fig.  1).  When  the  ROI  of  the  tumor

t
i

(

idth = 350). The extent of GGO was quantified by the GGO ratio:
he proportion of (Dlung − Dmed) to Dlung.

xtended  over  multiple  regions,  its  location  was  defined  as
he  region  with  the  largest  tumor  occupation.  When  the
umor  was  not  visible  on  a  chest  radiograph,  the  ROI  of

he  tumor  was  estimated  by  using  coronal-plane  maximum-
ntensity  projection  images  reconstructed  from  CT  images.

Thirteen  PGY-1  trainees  and  nine  pulmonary  specialists
three  radiologists,  three  thoracic  surgeons,  and  three
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both  groups  was  assessed  by  using  the  Fleiss’  kappa  statis-
tics.  All  data  were  analyzed  with  the  statistical  software  R
8  

ulmonologists)  participated  in  this  examination.  All  PGY-1
rainees  were  involved  in  the  first  year  of  the  two-year
andatory  internships  at  Ibaraki  Prefectural  Central  Hos-
ital  in  Japan,  offering  a  schedule  that  rotates  through  all
ajor  and  minor  specialties  before  majoring  in  specialties.
ll  pulmonary  specialists  were  engaged  in  interpretation  or
creening  examination  of  chest  radiographs  in  daily  clinical
ractice.  The  clinical  experience  of  the  PGY-1  trainees
anged  from  2  to  12  months  (mean,  8  months).  The  clinical
xperience  of  the  specialists  ranged  from  9  to  41  years
mean,  23  years).

The  answer  sheet  contained  a  chest  radiograph  scheme
ith  11  regions  (Fig.  1).  The  number  of  tumors  in  each
atient  was  not  provided  to  examinees.  Examinees  were
sked  to  mark  as  many  regions  as  they  suspected  to  con-
ain  tumors.  Marks  that  were  within  the  ROI  of  the  tumor
ere  counted  as  true-positive  marks,  whereas  marks  that
ere  made  outside  the  ROI  were  counted  as  false-positive
arks.  There  were  no  true-negative  marks,  because  each

ase  had  only  one  tumor.  The  examinees  were  required  to
ake  a  30  minutes  ‘‘break’’  after  each  50  minutes  interpre-
ation  session.  Images  were  displayed  by  using  the  radiant
ICOM  viewer  on  a  monitor  with  an  aspect  ratio  of  3:4  and
esolution  of  1536  ×  2048  pixels.  Zooming  and  panning  were
ermitted.  The  evaluation  of  the  answer  sheet  was  per-

ormed  by  H.  T.,  a  board-certified  radiologist  who  was  not
ncluded  among  the  examinees.

(
a

Table  1  Detected  and  missed  tumors,  false-positive  counts,
values  for  trainees  and  specialists.

Specialty  Experience  Detected  tumors  Mi

Trainee
1  PGY-1  2  months  103  18
2  PGY-1  2  months  134  14
3  PGY-1  2  months  136  14
4  PGY-1  2  months  136  14
5  PGY-1  2  months  131  15
6  PGY-1  1  year  131  15
7  PGY-1  1  year  127  15
8  PGY-1  1  year  133  15
9  PGY-1  1  year  127  15
10  PGY-1  1  year  129  15
11  PGY-1  1  year  133  15
12  PGY-1  1  year  126  15
13  PGY-1  1  year  117  16

Specialist
1  Radiologist  9  years  162  12
2  Radiologist  15  years  150  13
3  Radiologist  30  years  161  12
4  Thoracic  surgeon  20  years  171  11
5  Thoracic  surgeon  23  years  182  10
6  Thoracic  surgeon  41  years  167  11
7  Pulmonologist  16  years  137  14
8  Pulmonologist  25  years  169  11
9  Pulmonologist  29  years  155  12

Note. PPV: indicates positive predictive value; PGY: indicated post-gra
H.  Takahashi  et  al.

tandard of reference

T  findings  were  used  for  the  reference  standards.  Tumor
ize  and  extent  of  GGOs  were  evaluated  solely  using  the
esults  of  CT  examinations.  Tumor  location  was  deter-
ined  on  the  basis  of  an  ROI  where  the  tumor  existed  on

hest  radiographs  and  was  confirmed  by  CT  with  coronal-
lane  maximum-intensity  projection  images.  The  number  of
umors  and  associated  lung  findings  in  each  patient  were
lso  evaluated  by  CT.  The  evaluation  of  reference  standards
as  determined  by  mutual  agreement  between  two  radiol-
gists  (H.  T.  and  M.  M.,  both  board-certified  radiologists),
ho  were  not  included  among  the  examinees.

tatistical analysis

tudent  t  test  was  used  to  compare  intergroup  differ-
nces  in  tumor  detection  rates.  The  Wilcoxon-Mann-Whitney
est  was  used  to  compare  intergroup  differences  in  the
um  of  the  detected  tumors  and  the  sum  of  the  false-
ositive  marks.  Associations  between  continuous  variables
ere  investigated  by  using  Pearson’s  correlation  coefficient.
he  inter-observer  agreement  for  the  tumor  detection  in
R  ×  64,  version  3.3.2).  P <  0.05  was  considered  to  indicate
 significant  difference.

 detection  rates  or  sensitivities,  and  positive  predictive

ssed  tumors  False-positives  Detection  rate,  (%)  PPV,  (%)

0  216  36.4  32.3
9  136  47.3  49.6
7  289  48.1  32.0
7  128  48.1  51.5
2  201  46.3  39.5
2  52  46.3  71.6
6  75  44.9  62.9
0  104  47.0  56.1
6  96  44.9  57.0
4  60  45.6  68.3
0  57  47.0  70.0
7  120  44.5  51.2
6  246  41.3  32.2

1  15  57.2  91.5
3  11  53.0  93.2
2  55  56.9  74.5
2  68  60.4  71.5
1  56  64.3  76.5
6  65  59.0  72.0
6  13  48.4  91.3
4  35  59.7  82.8
8  53  54.8  74.5

duate year.
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Thus,  for  the  detection  of  tumors  in  the  central  and  apical
zone,  trainees  must  learn  the  approach  for  distinguishing
Influence  of  radiologic  expertise  in  detecting  lung  tumors  on

Results

A  total  of  283  tumors  was  evaluated  in  this  study,  because
each  of  the  283  patients  had  a  solitary  lung  tumor.  The
detected  and  missed  tumors,  false-positive  counts,  detec-
tion  rates  or  sensitivities  and  positive  predictive  values  are
summarized  in  Table  1.

The  total  numbers  of  detected  tumors  ranged  from  103
(36.4%)  to  136  (48.1%),  with  a  mean  of  127.9  ±  9.1  tumors
(45.2  ±  3.2%)  in  the  trainee  group,  and  137  (48.4%)  to  182
(64.3%),  with  a  mean  of  161.6  ±  13.1  tumors  (57.1  ±  4.6%)
in  the  specialist  group;  the  intergroup  difference  was  statis-
tically  significant  (P  <  0.001).  The  Fleiss’  kappa  statistics  of
tumor  detection  were  0.72  in  the  trainee  group  and  0.75  in
the  specialist  group.  In  the  specialist  group,  the  number  of
tumors  detected  by  radiologists  was  157.7  (range:  150—162
tumors);  by  thoracic  surgeons,  173.3  (range:  167—182
tumors);  and  by  pulmonologists,  153.7  (range:  137—169
tumors).  The  number  of  detected  tumors  demonstrated  a
weak  correlation  with  clinical  experience  in  the  specialist
group  (r  =  0.30),  but  no  correlation  with  clinical  experience
in  the  trainee  group  (r  =  −0.01).  The  total  numbers  of  false-
positive  marks  for  all  cases  were  52—289  (mean:  137.8,
median:  120)  in  the  trainee  group  and  11—68  (mean:  41.2,
median:  53)  in  the  specialist  group  (P  <  0.001).  The  numbers
of  false-positive  marks  in  the  peripheral  zone  were  4—129
(mean:  20.2,  median:  8)  in  the  trainee  group  and  1—29
(mean:  10.7,  median:  10)  in  the  specialist  group  (P  =  0.781).
The  numbers  of  false-positive  marks  in  the  central  and  apical
zone  were  37—229  (mean:  99.0,  median:  91)  in  the  trainee
group  and  8—50  (mean:  25.1,  median:  31)  in  the  special-
ist  group  (P  <  0.001).  The  numbers  of  false-positive  marks  in
the  hidden  zone  were  4—60  (mean:  18.6,  median:  15)  in  the
trainee  group  and  1—9  (mean:  5.3,  median:  5)  in  the  special-
ist  group  (P  =  0.006).  In  the  specialist  group,  the  number  of
false-positive  marks  by  radiologists  was  11—55  (mean:  27.0);
by  thoracic  surgeons,  56—68  (mean:  63);  and  by  pulmonolo-
gists,  13—53  (mean:  33.7).  The  number  of  false-positive
marks  demonstrated  strong  positive  correlation  with  clini-
cal  experience  in  the  specialist  group  (r  =  0.74),  and  strong
negative  correlation  with  clinical  experience  in  the  trainee
group  (r  =  −0.62).

The  intergroup  detectability  differences  for  each  tumor
category  are  summarized  in  Table  2  and  displayed  in  Fig.  3,
and  pathological  diagnosis  of  the  tumor  in  each  tumor  cate-
gory  is  summarized  in  Table  3.  Tumor  categories  that  showed
statistically  significant  intergroup  detectability  differences
were:
• intermediate  and  GGO-poor  tumors  of  any  size  in  the

peripheral  zone  (Fig.  4);
• solid  tumors  with  Dlung ≤2  cm  in  the  peripheral  zone

(Fig.  5);
• intermediate  tumors  with  Dlung >  3  cm  and  ≤5  cm  in  the

central  and  apical  zone;
• GGO-poor  tumors  with  Dlung ≤2  cm  in  the  central  and  api-

cal  zone  (Fig.  6);
• solid  tumors  with  Dlung >  2  cm  and  ≤5  cm  in  the  central  and

apical  zone;
• GGO-poor  tumors  with  Dlung >  3  cm  in  the  hidden  zone,

and;
• solid  tumors  with  Dlung >  2  cm  and  ≤5  cm  in  the  hidden
zone. t
st  radiographs  99

iscussion

ur  study  investigated  imaging  characteristics  of  lung
umors  that  influenced  experience-related  differences  in
etectability.  Tumors  were  classified  into  each  category  on
he  basis  of  size  on  CT  scans,  GGO  ratio  on  CT,  and  location
n  chest  radiograph.  The  detection  rates  between  PGY-1
rainees  and  pulmonary  specialists,  including  radiologists,
horacic  surgeons,  and  pulmonologists,  were  compared  in
ach  tumor  category.  The  basic  concept  of  our  study  was
o  analyze  the  influence  of  radiologic  expertise  in  detect-
ng  malignant  lung  tumors,  which  would  contribute  to
mprovement  of  the  training  course  for  chest  radiographs
n  post-graduate  medical  education.

In  our  study,  intermediate  and  GGO-poor  tumors  in
he  peripheral  zone,  of  any  size  yielded  statistically  sig-
ificant  intergroup  detectability  differences  of  >10%.  The
onspicuousness  or  extent  of  GGO  has  previously  been
eported  to  affect  the  detectability  of  lung  tumors  on  chest
adiographs  [6—8,13,14]. Austin  et  al.  reported  that  the
ajority  of  missed  lesions  on  chest  radiographs  were  not

ompletely  well-defined  [13]. Our  study  added  new  find-
ngs:  experience-related  differences  in  detectability  also
ncrease  in  conspicuous  tumors,  with  GGO  ratios  ranging
rom  10%  to  70%.  Further,  solid  tumors  with  Dlung ≤2  cm
lso  showed  statistically  significant  intergroup  detectabil-
ty  differences  of  14.3%.  Previous  studies  have  reported
oor  detectability  of  small  lung  nodules  on  chest  radio-
raphs.  Hayashi  et  al.  demonstrated  that  the  median  size  of
ndetectable  lung  cancer  on  chest  radiographs  was  14  mm
14]. Other  reports  have  described  varying  average  diam-
ter  values  for  missed  carcinomas,  such  as  21  ±  0.9  mm
16], and  16  ±  8  mm  [13]. Our  study  reveals  that  experience-
elated  differences  in  detectability  also  increase  for  small
eripheral  well-defined  tumors  with  diameter  ≤2  cm.  On
he  opposite,  solid  tumors  with  Dlung >  2  cm  in  the  periph-
ral  zone  have  mean  detectability  >  98%  in  both  groups  and  a
on-significant  intergroup  detectability  difference  of  <  1.9%.
his  result  suggests  that  well-defined  peripheral  tumors  with
iameter  >  2  cm  are  easily  detectable  on  chest  radiography
ithout  specific  training.

In  the  central  and  apical  zone,  the  number  of  tumor
ategories  that  showed  statistically  significant  intergroup
etectability  differences  was  lower  than  in  the  peripheral
one.  This  is  partly  because  trainees  tend  to  emphasize
bnormalities  in  this  zone,  because  they  are  not  aware
hat  false-positives  might  occasionally  occur  here  due  to
he  existence  of  pulmonary  vasculature  and  costal  cartilage
ssification.  This  hypothesis  was  supported  by  false-positive
ounts  in  the  trainee  group  that  were  significantly  larger  in
he  central  and  apical  zone  (range:  37—229,  mean:  99.0,
edian:  91)  than  in  the  peripheral  (range:  4—129,  mean:

0.2,  median:  8)  and  hidden  zones  (range:  4—60,  mean:
8.6,  median:  15),  and  the  overall  difference  of  false-
ositive  counts  between  the  trainee  and  specialist  groups
as  statistically  significant  in  the  central  and  apical  zone

P  <  0.001).  Furthermore,  among  cases  located  in  the  central
nd  apical  zone,  the  proportions  of  areas  of  lung  tumors  hid-
en  by  anatomic  noise  on  chest  radiographs  greatly  differed.
rue-positive  and  false-positive  findings.
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Table  2  Detection  rates  for  trainees  and  specialists,  with  corresponding  statistical  significance.  Tumor  categories  were  classified  on  the  basis  of  ground  glass  opacity
(GGO)  ratio  (GGO-rich,  intermediate,  GGO-poor,  and  solid  types),  tumor  size  (using  Dlung  values),  and  tumor  location  on  chest  radiographs.

Peripheral

n  Trainees  Specialists

Tumor  size
(Dlung)

129  Detected
case

Detection
rate  %

Detected
case

Detection
rate  %

P-value

GGO-rich  (n  =  46)  ≤2  cm  17  0.2
(0—1)

0.9
(0—5.9)

0.8
(0—2)

4.6
(0—11.8)

0.061

≤3  cm
>2  cm

4  0.1
(0—1)

1.9
(0—25)

0.3
(0—1)

8.3
(0—25)

0.138

≤5  cm
>3  cm

0  N/A  N/A  N/A  N/A  N/A

Intermediate(n  =  55)  ≤  cm  19  4.5
(2—7)

23.9
(10.5—36.8)

9.8
(8—12)

51.5
(42.1—63.2)

<0.001a

≤3  cm
>2  cm

7  1.2
(0—2)

17.6
(0—28.6)

5.0
(3—6)

71.4
(42.9—85.7)

<0.001a

≤5  cm
>3  cm

3  1.2
(0—2)

38.5
(0—66.7)

2.3
(1—3)

77.8
(33.3—100)

0.002a

>5  cm  0  N/A  N/A  N/A  N/A  N/A
GGO-poor  (n  =  93)  ≤2  cm  18  8.6

(5—11)
47.9
(27.8—61.1)

11.2
(8—15)

62.3
(44.4—83.3)

0.005a

≤3  cm
>2  cm

15  10.2
(7—13)

67.7
(46.7—86.7)

12.4
(11—14)

83.0
(73.3—93.3)

0.001a

≤5  cm
>3  cm

13  10.8
(8—12)

83.4
(61.5—92.3)

12.6
(12,13)

96.6
(92.3—100)

<0.001a

>5  cm  2  1.4
(1,2)

69.2
(50.0—100)

1.9
(1,2)

94.4
(50.0—100)

0.017a

Solid  (n  =  89)  ≤2  cm  8  5.4
(3—6)

67.3
(37.5—75.0)

6.6
(5—8)

81.9
(62.5—100)

0.009a

≤3  cm
>2  cm

10  9.9
(9,10)

99.2
(90.0—100)

9.9
(9,10)

98.9
(90.0—100)

0.796

≤5  cm
>3  cm

8  7.8
(7,8)

98.1
(87.5—100)

8
(8)

100
(100)

0.237

>5  cm  5  5
(5)

100
(100)

5
(5)

100
(100)

N/A
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Table  2  (Continued)

Central  and  apical

n  Trainees Specialists

Tumor  size
(Dlung)

127  Detected
case

Detection
rate  %

Detected
case

Detection
rate  %

P-value

GGO-rich  (n  =  46) ≤2  cm 16 0.1
(0—1)

0.5
(0—6.3)

0.1
(0—1)

0.7
(0—6.3)

0.796

≤3  cm
>2  cm

6 0.2
(0—1)

2.6
(0—16.7)

0.4
(0—1)

7.4
(0—16.7)

0.146

≤5  cm
>3  cm

1 0
(0)

0
(0)

0
(0)

0
(0)

N/A

Intermediate(n  =  55) ≤2  cm 6 0.4
(0—1)

6.4
(0—16.7)

0.2
(0—1)

3.7
(0—16.7)

0.446

≤3  cm
>2  cm

10  1.4
(0—3)

13.8
(0—30.0)

1.8
(0—4)

17.8
(0—40.0)

0.404

≤5  cm
>3  cm

5 2.1
(0—3)

41.5
(20.0—60.0)

3.2
(1—4)

64.4
(20.0—80.0)

0.006a

>5  cm 1 0.8
(0—1)

84.6
(0—100)

0.9
(0—1)

88.9
(0—100)

0.787

GGO-poor  (n  =  93) ≤2 cm 13 3.3
(2—4)

25.4
(15.4—30.8)

5.9
(4—8)

45.3
(30.8—61.5)

<0.001a

≤3  cm
>2  cm

8 4.1
(2—7)

51.0
(25.0—87.5)

4.0
(3—6)

50.0
(37.5—75)

0.875

≤5  cm
>3  cm

12  8.4
(7—10)

69.9
(58.3—83.3)

9.2
(7—11)

76.9
(58.3—91.7)

0.110

>5  cm 2 1.9
(1,2)

96.2
(50.0—100)

2
(2)

100
(100)

0.419

Solid  (n  =  89) ≤2  cm 4 1.8
(0—4)

46.2
(0—100)

2.6
(1—4)

63.9
(25.0—100)

0.134

≤3  cm
>2  cm

12  7
(4—9)

58.3
(33.3—75.0)

9.2
(7—11)

76.9
(58.3—91.7)

0.001a

≤5  cm
>3  cm

21  16.6
(13—19)

79.1
(61.9—90.5)

19.7
(19,20)

93.7
(90.5—95.2)

<0.001a

>5  cm 10  9.9
(9,10)

99.2
(90.0—100)

10
(10)

100
(100)

0.419
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Table  2  (Continued)

Hidden

n  Trainees  Specialists

Tumor  size
(Dlung)

27  Detected
case

Detection
rate  %

Detected
case

Detection
rate %

P-value

GGO-rich  (n  =  46)  ≤2  cm  2  0
(0)

0
(0)

0
(0)

0
(0)

N/A

≤3  cm
>2  cm

0  N/A  N/A  N/A  N/A  N/A

≤5  cm
>3  cm

0  N/A  N/A  N/A  N/A  N/A

Intermediate(n  =  55)  ≤2  cm  1  0
(0)

0
(0)

0
(0)

0
(0)

N/A

≤3  cm
>2  cm

3  0.1
(0—1)

2.6
(0—33.3)

0
(0)

0
(0)

0.419

≤5  cm
>3  cm

0  N/A  N/A  N/A  N/A  N/A

>5  cm  0  N/A  N/A  N/A  N/A  N/A
GGO-poor  (n  =  93)  ≤2  cm  3  0

(0)
0
(0)

0.2
(0—1)

7.4
(0—33.3)

0.081

≤3  cm
>2  cm

4  0.9
(0—2)

23.1
(0—50.0)

1.2
(1,2)

30.6
(25—50)

0.16

≤5  cm
>3  cm

2  0
(0)

0
(0)

0.4
(0—2)

22.2
(0—100)

0.037a

>5  cm  1  0
(0)

0
(0)

0.3
(0—1)

33.3
(0—100)

0.025a

Solid  (n  =  89)  ≤2  cm  3  0.3
(0—1)

10.3
(0—33.3)

0.1
(0—1)

3.7
(0—33.3)

0.302

≤3  cm
>2  cm

5  0.5
(0—2)

9.2
(0—40.0)

1.2
(0—2)

24.4
(0—40.0)

0.015a

≤5  cm
>3  cm

3  1.8
(0—3)

61.5
(0—100)

3
(3)

100
(100)

0.002a

>5  cm  0  N/A  N/A  N/A  N/A  N/A

Note: Numbers in brackets are the ranges. The second decimal places were rounded off in detected case and detection rate. GGO: indicates ground glass opacity.
a Statistically significant (P < 0.05).
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Table  3  Pathological  diagnoses  for  the  four  tumor  types:  ground  glass  opacity  (GGO)-rich,  intermediate,  GGO-poor,  and
solid.

GGO-rich
(n  =  46)

Intermediate
(n =  55)

GGO-poor
(n =  93)

Solid
(n =  89)

Adenocarcinoma,  (n  =  207)  46  53  66  42
Nonmucinous  AIS,  (n  =  31) 21  10  0  0
Mucinous  AIS,  (n  =  2) 0 2  0  0
Nonmucinous  MIA,  (n  =  45) 23  16  6  0
Mucinous  MIA,  (n  =  3)  0  1  1  1
Lipidic  invasive  adenocarcinoma,  (n  =  36)  1  15  16  4
Papillary  invasive  adenocarcinoma,  (n  =  13)  1  1  6  5
Acinar  invasive  adenocarcinoma,  (n  =  32)  0  4  17  11
Micropapillary  invasive  adenocarcinoma,  (n  =  8)  0  1  3  4
Solid  invasive  adenocarcinoma,  (n  =  26)  0  1  11  14
Mucinous  invasive  adenocarcinoma,  (n  =  11)  0  2  6  3

Non-adenocarcinoma,  (n  =  76)  0  2  27  47
Squamous  cell  carcinoma,  (n  =  57)  0  1  21  35
Small  cell  carcinoma  with  combined  small  cell  carcinoma,  (n  =  8)  0  0  3  5
LCNEC  with  combined  LCNEC,  (n  =  3)  0  0  0  3
Others,  (n  =  8)  0  1  3  4

Note. AIS: indicates adenocarcinoma in situ; MIA: indicates minimally invasive adenocarcinoma; LCNEC: indicates large cell
old i
neuroendocrine carcinoma; GGO: indicates ground glass opacity. B
The  search  for  tumors  obscured  by  heart,  mediastinum,
or  diaphragm,  known  as  the  ‘‘hide-and-seek’’  tumors,
has  been  a  core  educational  topic  in  the  interpreta-
tion  of  chest  radiographs  [18—20].  Our  study  reveals

t
n
l
s

Figure 3. Graphs show detection rates of lung tumors on chest radio
apical zone. c. Hidden zone.
ndicates total numbers.
hat  tumors  in  the  hidden  zone  with  statistically  sig-
ificant  intergroup  detectability  differences  of  >10%  are
imited  to  GGO-poor  type  tumors  with  Dlung >  3  cm  and
olid  tumors  with  Dlung >  2  cm.  In  contrast,  intermediate

graphs in the different zones. a. Peripheral zone. b. Central and
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F

t
≤
0
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h

igure 3. (Continued)

umors  of  any  size  and  tumors  of  any  type  with  Dlung
2  cm  showed  average  detectability  ranging  between
%  and  10.3%  in  both  groups,  without  significant  inter-
roup  difference  in  detectability.  This  result  suggests  that

a
w
t

idden  tumors  with  conspicuous  margins  or  small  sizes

re  not  detectable  on  chest  radiographs,  even  for  those
ith  adequate  experience  in  chest  radiography  interpreta-

ion.
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Figure 4. A. Chest X ray shows lung tumor located in the
peripheral zone (L-2) on chest radiography. B. Its Dlung was 40 mm,
Dmed was 25 mm, and ground glass opacity (GGO) ratio was 37.5%
(intermediate type). The tumor was pathologically diagnosed as an

Figure 5. a,. Chest X ray shows lung tumor located in the periph-
eral zone (R-2) (arrow). b, Its Dlung was 15 mm, Dmed was  14 mm,
and ground glass opacity (GGO) ratio was 6.7% (solid type). The
tumor was pathologically diagnosed as an invasive lepidic adeno-
c
t

d
I
n

invasive lepidic adenocarcinoma. Eight of 13 trainees and all nine
specialists identified the tumor.

Regardless  of  location  and  size,  GGO-rich  tumors  yielded
average  detectability  of  <10%  in  both  groups,  without  sig-

nificant  intergroup  difference  in  detectability.  In  a  previous
study,  tumors  with  GGO  ratios  of  ≥70%  on  thin-section
CT  were  difficult  to  detect  on  chest  radiography  [7,14].
Our  study  reveals  that  experience-related  differences  in

i
t
p
c

arcinoma. None of the 13 trainees and 4 of 9 specialists identified
he tumor.

etectability  are  slight  in  tumors  with  GGO  ratio  of  ≥70%.
n  addition,  all  GGO-rich  tumors  were  histologically  diag-
osed  as  adenocarcinomas;  only  two  of  46  cases  (4.3%)  were

nvasive  adenocarcinomas.  Therefore,  even  if  the  GGO-rich
umors  are  not  depicted  on  chest  radiographs  in  daily  clinical
ractice,  most  are  considered  non-life-threatening  adeno-
arcinomas  [21].
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Figure 6. Chest X ray shows lung tumor located in the central and
apical zone (R-7) (arrow). b, Its Dlung was 19 mm, Dmed was 17 mm,
and ground glass opacity (GGO) ratio was 10.5% (GGO-poor type).
The tumor was pathologically diagnosed as a squamous cell carci-
n
t

e
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oma. Five of 13 trainees and seven of nine specialists identified the
umor. The tumor was partly hindered by pulmonary vasculature.

Our  study  had  some  limitations.  First,  we  included  differ-
nt  types  and  experience  levels  of  experts  in  the  specialist
roup.  The  number  of  years  of  experience  had  positive  influ-

nce  on  the  detection  of  tumors  and  negative  influence  on
alse-positive  marks.  Thoracic  surgeons  had  greater  numbers
f  detected  tumors  and  false-positive  marks,  compared  with
adiologists  and  pulmonologists.  Thus,  it  seems  that  there
H.  Takahashi  et  al.

s  a  difference  in  recognition  method  among  expert  types
nd  years  of  experience.  Second,  readers  were  informed
hat  the  lesions  they  were  investigating  were  limited  to  lung
umors.  In  the  clinical  setting,  interpreters  typically  do  not
now  the  findings  on  the  chest  radiograph  in  advance.  Third,
alse-positive  marks  may  have  been  mistakenly  counted  as
rue-positive  in  some  cases  by  the  evaluator,  if  the  readers
oincidentally  marked  the  false-positive  findings  which  were
ocated  exactly  in  the  same  area  where  the  ROI  of  the  tumor
xisted.

In  conclusion,  our  study  assessed  differences  in  lung
umor  detectability  on  chest  radiographs  between  trainees
nd  specialists  on  the  basis  of  tumor  size,  extent  of  GGO,  and
umor  location.  A  thorough  understanding  of  these  results
ay  lead  to  improvements  in  training  protocols  for  chest

adiography  in  post-graduate  medical  education.
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