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Summary: As a pre l iminary step in joint  Sino-American pneumoconiosis 
research efforts,  a formal chest X-ray  pneumoconiosis reading t r ia l  was con- 
ducted among Chinese and American radiologists.  Tweleve Chinese readers 
from di f ferent  inst i tut ions located in south central China used the 1986 
Chinese Reentgencdiagnostic Cr i ter ia  of Pneumoconioses. Three American 
radiologists,  cent i f ied as NIOSH tIBlv readers, used the International Labour 
Off ice  Class i f ica t ion  of Pneumoconioses, The chest X-ray  study set consisted 

o f  150 posterior-anterior  f i lms.  One-half  were Chinese X-rays of s i l i ca -  
exposed workers, and the other half  were American f i lms  of variously expo~ 
sed workers but p r imar i ly  coal miners. All readings were done independently. 
The results showed that the inter-reader va r i ab i l i t y  among the Chinese was 
s imi la r  to that of the American readers, both being in an acceptable 
range. In addition, there was general agreement between the Chinese and 
American interpretations.  For small opacity profusion, the Chinese readers 
tended to read sl ightly more diseases than their American counterparts, a l -  
though there was exact agreement as to the major category in two-thirds 
of the f i tms.  Agreement for f i lm quality,  and pleural disease was less, 
but was not d i f ferent  from reported variat ion among American tvLvv 
readers. Overall, the results suggest that despite the use of two dif ferent  clas- 
s i f ica t ion  systems, a valid correspondence exists  between the Chinese and 
American Interpretations, which is suitable for use in epidemiologic research. 
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Chest  X - r a y  is the ma jo r  tool  in  
a s se s s ing  pncumocon ios i s ,  and  in  ge -  
nera l  ha s  been found  to be b o t h  v a l i d  
and q u a n t i t a t i v e l y  accura te  tl,3J. H o w -  
ever,  de sp i t e  a n  i n t e r n a t i o n a l  c l a s -  
s i f i c a t i o n  s y s t e m  for  p n e u m o c o n i o -  
s is  E4~, s u b s t a n t i a l  d i f ferences  in  
i n t e r p r e t a t i o n  among  X - r a y  readers  in  
one c o u n t r y  and  a m o n g  d i f fe ren t  c o -  
un t r i e s  are  k n o w n  to ex i s t  E~,7~, The 

differences  between the Chinese  and  
ILO c l a s s i f i c a t i o n  sys tems  pose one 
p o t e n t i a l  source of d i sagreement .  Thus ,  
before an  effect ive exchange  of e p i d e -  
mio log i c  p n e u m o c o n i o s i s  da ta  can take 
place, a s i g n i f i c a n t  c o r r e l a t i o n  between 
the two c l a s s i f i c a t i o n  s y s t e m s  is needed. 
W i t h  these t h o u g h t s  in  m i n d ,  we d e -  
s igned the present  s t u d y  to eva lua t e  the 
i n t r a -  and  in t e r r eade r  v a r i a b i l i t y  of 
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both Chinese and American pneumo- 
coniosis readers, and to compare the 
Chinese interpretatios of a set of films 
(using the current Chinese classifica- 
t ion)  with American interpretat ions 
(using the ILO classif icat ion)  of the 
same films. 

METHODS 

There were 12 Chinese and 3 
American readers in the study. The 
Chinese readers came from 12 different 
ins t i tu t ions  located in south central 
China. The Chinese X- r ay  interpreta-  
tions were all completed in Wuhan. 
The Chinese radiologists used the 1986 

Chinese  Rocntgenodiagnostic Criteria 
of Pneumoconioses. The 3 American 
readers were all certified as NIOSH 
VtBVl readers t3] and were from three 
different academic ins t i tu t ions .  Their 
readings were performed in their respec- 
tive offices. The American readers 
used the 1980 Internat ional  Labour 
Office (ILO) Classification of Pneumo'- 
conioses t4], and standard National  
Inst i tute for Occupational Safety and 
Health (NIOSH) interpretat ion forms. 

The chest X- r ay  study set consisted 
o f  150 poster ior-anter ior  films. One- 
half were Chinese X-rays  of s i l ica-  
exposed workers pre-selected to show 
a number 'of  pneumoconiotic and can-  
cerous abnormalities.  The other half 
were American films of var iously expo-  
sed workers but pr imari ly  coal miners 
selected to represent normal i ty  and a 
var ie ty  of pneumoconiotic abnorma-  
lities. In the reading tr ial  the Chinese 
and American films were alternated. 
All interpretat ions were made indepen- 
dently by each reader, using appro-  
priate standard X-rays  for comparison. 
Forms were keypunched and validated 
by NIOSH. Analysis of the data con-  
sisted of comparisons of f i lm quali ty,  
small opaci ty  profusion, large opacities, 
pleural disease, and cancer among the 
Chinese readers, and between median 
Chinese and median American inter-  

pretations. Besides crude agreement, the 
Kappa stat ist ic tg] was also computed. 
The statist ic adjusts for the amount 
of chance agreement to be expected, 
and is expressed as- 

Kappa=  ( P C - P E ) / ( 1 - P E )  
where PC is the crude agreement 
(expressed as a proport ion) ,  and PE 
is the expected agreement. This is 
derived, as in a Chi-squared test of 
independence, from the expected num-  
bers for the diagonal elements of the 
table, which, in turn, are obtained 
using the products of the marginal t o -  
tals, Kappa will  equal zero if there is 
only chance agreement, and will be 
one wi th  complete agreement. 

RESULTS 

A comparison of readings among 
the 12 Chinese radiologists is presented 
in table 1. Although some obvious 
var iab i l i ty  is seen, there is general 
agreement among the 12 readers. 
The stage of pneumoconiosis (table 1) 
also shows good general agreement 
among the 12 readers. Tabl~- 2-5 com- 
pare the median Chinese wi th  the 
median American interpretat ion in the 
study set. The percentage of films clas- 
sified in catagory 1 or 2 was 95~  
and 79~ for the Chinese and American 
readings, respectively. 

In two- th i rds  of the films, there 
was exact agreement as to major ca- 
tegory of small opaci ty  profusion ( t a -  
ble 2). Overall, there was a tendency 
for Chinese readers to read more pneu-  
moconi0sis than the American readers. 
An overall comparison of the pneumo- 
coiosis interpretat ion between the 
Chinese and American readers is pre-  
sented in table 3. Using the diagonal as 
perfect agreement, these readings con-  
stituted 90 films, or 60~ .  Again, the 
Chinese readings tended to be slightly 
higher than their American counter-  
parts. The 11 films read I -t- by the 
Chinese and VlLarge Opacity I~ by the 
Americans do not necessarily imply a 



Table 1. 

Chinese 
P~eumoconiosis  
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Stage of pneumoconiosis  by readcrs(~b) 

Chinese Readers 

Stage O1 02 03 C~ 05 06 07 08 09 10 11 12 

0 

0 +  

I 

I +  

I 

I +  

I 
~ +  

Unreadable 

Tota l  

18.7 20.8  23 .8  13,3 14.0  I0.0 16.7 7.3 20 .7  10.7 23.3 33.8 

16.7 20 .8  13.6 12,7 24.0  22 .7  18.7 20 .7  10.7 9.3 16,0 7.4 

22.0 16.8 21.1 26,0  26 .7  22.0  28 .0  16.7 28 .7  33.3 26 .0  22.3 

8.7 I0.I 11.6 10.7 11.3 11.3 10.7 16.7 12.0 10.7 IC.7 ~1.7 

16.7 II.4 8.2 18.7 7.3 12.0 3.3 15.3 8.7 18.7 9.3 12.2 

I0.0 lO.l 14.3 5.3 8.0 14.0 12.7  16.7 lO.O 9.3 8.0 12.2 

5.3 8.1 4.8 12.0 7.3 8,0 8.0 5.3 5.3 3.3 6.0 5.4 

2.0 1.3 2.7 1.3 1.3 0 1.3 1.3 4.0 4.7 0.7 2.0 

0 0.7 0 0 0 0 e.7 0 0 0 0 0 

100 10O 100 I00 100 100 100 J00 100 i00 100 I00 

Table 2. Major categories of profusion of small opacities ( ~ )  

Median Amer ican  Readings  
Chinese 

Small  
Opac i ty  

Profus ion  

ILO Small  Opac i ty  Profus ion  

0 1 2 3 Total  

0 34.0 1,3 0 0 35.3 
~ e d i a n  

1 15.3 20.7 1.3 0 37.3 
Chinese 

2 0 14.0 10.7 0 24.7 
read ings 

3 0 0.7 0 2.0 2.7 

Tota l  ,49.3 36.7 12,0 2.0 1O0 

Table 3. Overall pneumoeoniosis interpretation by Chinese and American readers (~b) 

Median  Median Amer ican  Readings 
Chinese 
Readings  0/0 0/1 1 / 0 +  AX Opac i t i e s  Tota l  

0 16.0 0 0 0 0 16.0 

0 W 13.3 3.3 1.3 0 0 18.0 

I , I + I  6.0 8.0 30.7 1.3 1.3 47.3 

I +  0 0 1.3 2.0 7.3 10.7 

l , i +  0 0 0 0 8.0 8.0 

Total  35.3 11.3 33.3 3.3 16.7 I00 

d i s a g r e e m e n t ,  a s  n o t e d  a b o v e .  
T h e  a g r e e m e n t  in  d e t e c t i n g  p l e u r a l  

a b n o r m a l i t i e s  ( t a b l e  ~)~ w a s  89o~ a l t h -  
o u g h  the  K a p p a  s t a t i s t i c  w a s  o n l y  0 . 4 8 .  
H o w e v e r ,  t h i s  s t i l l  r e p r e s e n t s  a f a i r  

a g r e e m e n t  in  t h i s  d i f f i c u l t  a r e a  o f  
i n t e r p r e t a t i o n .  A s  w i t h  p n e u m o c o n i o -  
s i s  d e t e c t i o n ,  the  C h i n e s e  r a d i o l o g i s t s  
de sc r ibed  m o r e  a b n o r m a l i t i e s  t h a n  the  
A m e r i c a n s .  A g r e e m e n t  in  cance r  d e t e -  



228 

Table 4. Comparison of presence of absence of pleurai abnormalities (%)  

Median American Readings 

No Yes Total 

Median No 83.3 0.7 84.0 
Chinese 
Readings Yes 10.0 6.0 16.0 

Total 93.3 6.7 I00 

Table S. Cancer D e t e c t i o n ( ~ )  

Median American Readings 

No Yes Total 

Median No 95.3 1.3 96.7 
Chinese 
Readings Yes ~ 3.3 3.3 

Total 95.3 4.6 100 

c t ion  was  also good ( table  5). I t  s h o -  
uld be noted, however ,  tha t  the Chinese 
were s t rong ly  encouraged to mark  the 
" c a n c e r "  box  in  the reading  f o r m  if 
they  though t  cancer was  a reasonable  
poss ib i l i ty .  

DISCUSSION 

The purpose of th is  project  was  
to compare  the chest r ad iog raph i c  i n t e r -  
p r e t a t i on  of pneumoconios i s  in China  
as wel l  as in the Uni ted  States. Each  
c o u n t r y  uses a d i f ferent  c lass i f ica t ion  
system. T h i s  fact ,  as well  as o ther  pos -  
sible n a t i o n a l  differences  in p n e u m o -  
coniosis  i n t e rp re t a t i on ,  must  be e v a -  
luated if a mean ing fu l  exchange of 
occupa t iona l  dust exposure- response  
data  is t o  be conducted.  Overal l ,  the 
1986 Chinese Roen tgenod iagnos t i c  C r i -  
ler ia  of  Pneumoconioses ,  and  the 1980 
I n t e r n a t i o n a l  Labour  Office ( I L O )  C la s -  
s i f i ca t ion  of Rad iog raphs  of  P n e u m o c o -  
nioses, t hough  dif ferent  in  several  
respects, were found  to be r a the r  c loco-  
sely correlated w i t h  each other ,  M e a -  
n ingfu l  q u a n t i t a t i v e  pneumocon ios i s  
data  can be e a s i l y  exchang~'d between 
the two class i f icat ions .  S imi la r  data 

have  been publ ished compar ing  the 
1963 Chinese and the ILO c lass i f i ca -  
t ions  t91. In  add i t i on ,  the readers of 
each coun t ry ,  using the i r  o w n  c lass i f i ca -  
t ion,  reached good general  agreement  
a m o n g  themselves,  and  w i t h  the i r  f o -  
re ign colleagues. In  th i s  s tudy,  the 
Chinese readers '  i n t r a -  and  i n t e r - r e a -  
der v a r i a b i l i t y  results  were as good as 
top Amer i can  " B "  readers. I n  th i s  
regard,  recent Amer i can  s tudies  have  
demons t ra ted  ra ther  large in ter reader  
v a r i a b i l i t y  among  qua l if ied readers tl 0,1 ~. 
The  recommended use of mul t ip le  r ead -  
ings is one pa r t i a l  so lu t ion  to th is  
problem. 

There  is so fa r  not  a n y  of f ic ia l  
i n t e rp re t a t i on  f o r m  for  the 1986 C h i -  
nese Cr i t e r i a .  In  add i t ion ,  some o ther  
c lass i f ica t ion  systems, w i t h  the i r  o w n  
s tandard  fi lms,  exis t  in some par t s  of 
China .  These facts,  as well  as the v a -  
r i a b i l i t y  among  readers  in d i f fe ren t  
par ts  of each coun t ry ,  must  bc r eco -  
gnized in genera l i z ing  the results  of  
th is  s tudy  to other  researches. Also, 
some deta i ls  of  the 1986 Chinese C r i -  
ter ia  are undergo ing  changes  and  a 
revised Cr i t e r i a  m a y  be set up in the 
next  5 to 10 years.  S i m i l a r l y ,  the ILO 
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C l a s s i f i c a t i o n  is a l s o  l i k e l y  to  u n d e r g o  
m o d i f i c a t i o n s  in  the  n e a r  f u t u r e .  

I n  s u m m a r y ,  b o t h  the  c l a s s i f i c a -  
t i o n s  a n d  the  r eade r s  in  C h i n a  a n d  
A m e r i c a  a r e  c o m p a r a b l e ,  A use fu l  
exchange  of  o c c u p a t i o n a l  d o s e - r e s p o n s e  
da ta  based  on  thcse  c l a s s i f i c a t i o n s  is  
qu i t e  e s s en t i a l .  

REFERENCES 

1. Ross i ter  CE. I n i t i a l  r epea t ab i l i t y  t r i a -  
ls of the UICC/Cinc inna t i  c l a s s i f i c a -  
t i on  of the r ad iograpb ie  appearances of 
pneumoconiesis .  Br J Indastr  Med 
1972;29:t07 

2 .  Rossi ter  CE, et al. Radiographic  chapg-  
es in chrysot i le  asbestos mine and 
mi l l  workers of Qce~ee. Arch Er.viron 
Health 1972~24:388 

3 .  Morgan RH. F ro f i e i ence  examina t ion  
of Phys ic i ans  for  c l a s s i fy ing  pneumo- 
conios is  chest f i lms .  Am J Rad 1979; 
132:803 

4 .  Guidel ines  for  the Use of ILO In te rna -  
t iona l  C la s s i f i ca t i on  of Radiographs  
of pneumoconiosis .  Revised ED 1980. 
In te rna t iona l  Labour o f f i ce ,  Geneva 

5 .  Reger RB, et al.  On the diagnosis  of 
coalworkerts  pneamoconiosis :  Anglo 
American d isharmony.  Am Rev Respir  
Dis  1973H08:1186 

6 .  Felson B, et al.  Observat ions on the 
resal ts  of mul t ip le  readings of chest 
f i lms  in coal miners1 pne :mocenies i~ .  
Radiology 1973~109:19 

7.  Reger RB, et al.  On the factors  i n f l u -  
encing consistency in the rad io log ic  
d iagnosis  of pneumoconiosis .  Am Rev 
Respir  Dis  1970;102:905 

8 .  Cohen J. A coe f f i c i en t  of agreement 
for  nominal  scales. Educ pbyscbol 
Meas 1"960;20:37 

9 .  Huang JQ, et al.  A comparison of 
Chinese d iagnos t i c  s tandards of s i l i c o -  
t ic  radiographs and  in i e rna t iona l  c las -  
s i f i c a t i o n  o f  rad iograghy  of pneumo- 
eoniosis .  Ann Occ~p Hyg 1984;28:13 

!0. Dacatman" AM, et al. E-readers  and 
aseestos medical  sL~rveillance. J Occup 
Med 1988;30:6~.4 

i i .  arker D~, et al. P ~lic ;,eai;n !,n 11ca- 
t ions of the v a r i a b i l i t y  in the i n t e rp r -  
e ta t ion of WB~ reading for  plcural  
changes. J Oceup Med 1989;31:775 

(Received Feb.  25, 1991) 


