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Rationale: The lnlemational Labor OrganiZlltion (ILO) smndard for s.coring chesl 
radiographs requires visual determination of opacity size, shape and perfusion. Inter- and 
intra-reader variab11icy is one Hmirarlon of lhis method of classifying radiographs. A 
computer-based technique was developed to accurately ard consistently chancterize 
opacities associated with pneumoconiosis. lvferhad.s: Morphological image- processing 
techniques a.Uow one to use :.i computer to make quantitative measurements of opacities. 
The sharp peaks in the morphological pa.Item spectra were use<I for assessing opacity size 
and perfusion. Opacity size corresponds to the location of the peaks. while perfusion is 
proportional to the heights of the peaks. Opacity shape is assessed through the use of 
multiple, representatlve, geometrical elements. The [LO standard chest radiographs were 
digitized and regions of interest {ROls) over which there was a known opacity popularion 
were selected by two B-readers. Morphological panem spectra were computed using a 
circular structural clement. Results and Conclusions· Sharp, peaks in die computed 
paltem spectra are seen at the expec:ted size and perfusion in the cases of: (i) rounded 
opacities of q and r tII the regions of 1.5-J,n,n, and )-lOmin respectively; (ii) irregular 
opadtics of u in the region of 3-10mm. The calculated morphological panem spectra 
reflect the profusion, shape. and size as defined by the ILO standard. Concluding. the 
r,:sulas show promise for applying morphologjcal pattern spe<..1nl as a means for assisting 
the physician t11 scoring ard screening chest radiographs of workers at risk for 
pneumoconiosis. 
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OBJECTIVE: l"reviOU! investigations ha�e related spiromeu-ic functim and lung 
volumes to the 11.0 profusim sca-e in asi-os-c,qiooed --1r.ers. The purpose of thil 
srudy is to relate DLCo.b to (LO perfusim cmg..-y. 
METIIODS: Asbrstos-expooc �er, li-lllll two soutbc:n sares (n - 1904) were 
sur,ey,,d !or the effilcts of exposure,, All films ""ff read by lhe same c:,q,ert reader. 
Spir(Dlelry, DLCOsb and lung volumes ""ff obtained acainling lo cum,nt A TS 
criteria. Pradicteds wa-e adjust,:d fur duratiati of smoking'. 
RESULTS: Percmt predicted DLCOsb reveals significant (p< 0.0000) d<aanent with 
increasing Il.O categ..-y of irregular opacities (Table I). Mean percml predicted 
DLCo.b is 107.1% b categ..-y 0/0 (n-526), 106.3% fir Oil (n=134), 103.2 lilr 1/0 
(n"'683), 100.6 fir 1/1 (n=461), 91.2 ft.- 1/2 (n=59), 70.8 mr 2/1 (n=27), 69.7 fir 2/2 
(n=9), 62. 7 la" 2/3 (n-3)and J3.2 !or 3/2 (n=2). 
CONCLUSION: Percent predicted DLCOst; decreases with inereasing Il.O prnalence 
and should be utilized ill lhe evaluatioo of asbestoHxposc,d worun. That 111 
indq,mdenl measure ofILD mfl..:ting gas exd,ange airrel-. wilh radiographic SClft 
validates the Il.O classificatim. 

Ocaq, Environ Med 1996 Dc;53(l2) : 108-12 
Respira!..-y Medicine 1990 84, 449--455 
Am Rev R,,spir Dis, 127:270-277, 1913 
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c-.-rnoa of dt1nttioa of e.pm...., late-,, aad lLO proftmoot of ir�r 
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OBJECTIVE: To evaluate differ..,a,s iii exposun,, latency and ILO perfusim of 
irregular opacitic:, in Black and White asbestos-expam --1r.en mn, the same 
popuiaticn (Missis.sippi and Louisiana). 
METitODS: Black: (n = 442) and white (n = 1462) ....rten wilh at le..r 20 years fj-(DI 
first o:xposure to asbestos and II least 5 ,,.,..,.. uul duratim of exposure from two 
southern .tate:s who share the :;mne work ,:xpasure were compared la" duration of 
aposure and lat,ncy frun lint c,q,osure to asbestos. PA and lalC:n1 chest 
Radiograplu (14" l7 inches)--• read by the same cxp<rienced .read<r awon:ling to 
the [LO Classilicatim. The ILO categoric. """' assigned 1111 UCfflding number from l 
lo 10 (0/0 = l. 3/2 = 10) aod the means re.- the n.o groups....-.: compared. 
RESULTS: Mean age was 63 .8 )':8f'5 ror Blacb, 62 . 4  Jal" for whites (p < 0.006) , 
durarim of asbestos exposure was 29.5 years b- Whites. 24.1 yean b Blt<b 111d 
latmcy frcm first c,cpnsw-e lo asbcsta; was 4 l.2 ror whites vs. 37 . 7 :,ars mr blades.
!LO profusion-.. 3.5fill"whit<:1111d 3.4 b- blades and was not signi&antlydifm-cnt. 
Prevalence of asbestos-related pleural chanscs was 4 I .2% fill" whit.s and J7. 7% for 

blaczs (p < .006). 

CONCLUSION: Althwgh bins of similar "lie oompan,d lo 10hil<s fi-on> the same 
asbestos-expose work:er populatioos hav,: signilic:anlly her yean duration and 
latency of expoourc, there is no difleratce in !LO prolmim of irregular opacities. 
Blades do, however, have a signiliC811tly lower prevalence of asbestos-relat<d plCW'lll 
changes. 
Tlia abs1Nct is u-.:t t,y: WOOS, Clarcmmt. CA 
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Rounded &tlllectuis (RA} is a benif.ln and um1■ual form of subpfe11q1 
kmg collapse that ha■ been described mostly in usociation wltfl 
abestos ■xpa .. d wart■rs. TIie objective of this study iti to •valuata 
the canttut enhanc-nt at computed tomography (CT) in Ubest1111 
rel•l9d RA in Btazil. METHODS: a.twNn Janua,y 1998 and Dec■tnbe, 
2000, high resolution coinpul9d tom09raphy (HRCT) Wit,_ P911'0fflMd In 
1851 exposed a■butos worurs. 1lle pnilimina,y dlagnosI■ or AA wa■ 
mad■ on a history of prior a■be■tas ■xposul9, the P,.•nca at 
caractari■tic (HRCT} finding■ and 1"ion■ which remained unchangact 
or sligheily 111duced in size aver 2 y■ars or more (Webb, Muller, fllaidich 
in: HRCT of the Lung 2,,. ■d. Lippincott-Raven,1l7-1lll, 1996). RA wra 
!ltCOQniZed in I. In two cu■- RA wa■ vemied by surge,y. The dyn-,wc 
cantrut enhanc■ment study, wa■ .adapt9d tram s-nsen et 11. 
(Radiology 114: 393,1HIIJ and modified to evaluate nodules and 
11ulmonary mu■e■. Statistical analysis: paired t test, significance <0.0S 
RESULTS: Hausefield Unit (HUJ initial U.5:!;11.7, HU final 128.4:!;29.7 and 
median •nhancament wn U.1:!;19.7 HU (range 40 to 19 HU), wtth 1 
unifonn dense opacificatlon. CONCLUSION: Using a dynemic cantrut 
■tlldy, all lfltt RA showed • contrut enhancement with uniform deftM 
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Impairment of diffusing capacity in asbesto• e:i:posed workers 
Lindqvist M, Piirila P, Kaleva S, Kivisaari L, Veh tnas T, Sovijiirvi ARA,
Nordman H. Finnish Institute of Occupational Health and Departments
of Radiology illld Clinical Physiologi of He!sinlci University Hospital, 
Helsinki, Finland 
590 smoking workers exposed to asbestos were examined with high 
resolution computed tomography (HRCD, spirometry and single breath 
diffusing capacity in order to study the cbanu:ter and reason for lung
function impairment. Based on the HR.CT finding scored 0-5 for fibrosis 
{F)and emphysema {E), and 0-3 for adherences {A), the workers could be 
di vided into five groups of pure diseases, pleural thickenings 
(N=l90){mean E score =O, Fscore <I, A score=O), emphysema (mean E 
score 1.7, F score <l) (N=148), pulmonary fibrosis {mean F score 2.77, 
E score 0)(N=68), combined emphysema and fibrosis {EF)(mean E score 
2.15, mean F score 3.2 l)(N=74), significant pleural adherences 
(N= 110). Toe diffusing capacity was the highest in woricers with pleural
thickenings {98 ± 14 % of predicted), but the difference was not 
significant compared with work= with fibrosis (93 ± 15 % of 
predicted). Toe diffusing capacity was lowest in workers with EF (72 ±
21 % ofpred.), which is significantly lower than in F (p<0.01). The 
results indicate that the impairment of diffusing capacity in asbestos 
exposed worlc= is mostly determined by the presence of emphysema. 

OBSTRUCTIVE AIFN/AV DISEASES IN ASBESTOS NORKERS 
Baur X1 Oldenburg M1 latza lJ1 Kraus T1 

'institute of Occupational Mediane. University of Hamburg, Germany. 2lnslilute and Outpatient Clinic of Occupational Medicine, University Aachen, Germany. 
Introduction: Se11eral studies showed obslructive ventilation patterns among worl<ers 
exposed la asbestos dust. The aim of our study was to ftnd out whether the frequency of 
obstructive airway disease,; even without simultaneously existing restriction is increased 
in a group with high asbestos exposure. lllethod■: Clinical findings, lung lundion data 
(measured acc. to ATS recommandatIons; reference values by Matthys et al., 1995, 
Brandli et al., 1996, 2000) and radiological diagnoses (HR-CT) of 109 randomly seleded 
employees previously highly e:rposl!Q to asbestos dust were analyzed (mean exposure 
duration 24.9 years). The sut>;ects had been registered by statutory accident insurance 
institutions under tt,e issue ·central registralion of asbestos dust-<?ndangered employ­
ees·. Only subjeds with a high risk of contracting broncl1ial carcinoma or mesothelioma 
due to high exposure and long latency periods according to the moelel by Coenen and 
Schenk (1990) were indudl!Q. 1� people showing anamneslic indications of lung dis­
eases independent of asbestos exposure were excluded. Results: 24.1 % of non-smol<­
ers (n=29) demons1raled an elevation of the speci�c airway resistance (sRI) whereas 
none of Ille 5Ubjeds had a reduced FEV,o/,VC. One non-smoker showed a FVC reduc­
tion. sRt was in 28.8o/o of smokers/ex-smokers (n=66) above normal, and 13% revealed 
an additional FVC reduction. FEV1%VC as well as FVC reductions were foond in 9.1 of 
smokers and in 3% of ex-smol<ers. Di■cusalon: Our investigation shows that high 
asbestos exposure is associated with increitses in airway resistance without concomitant 
restriction. Body plethysmography mainly registers central airways. From tt,e outcome It 
is asanned lhat asbeslos initiates an inflammatory process wilhin lhc branaii ,Huiting in 
obstructive airway diseases. 
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To reduce inter- and intra-reader variability in diagnosing chest radio graphs, a neural 
network-based computer-aided diagnostic system was developed and tested. The results 
of an experiment with 124 digitized chest radio graphs, demonstrated high degrees of 
sensitivity and specificity in classifying chest radio graphs. The use of a computer­
assisted chest radiograph reader eliminated the inconsistencies in the human readers. The 
Computer-assisted Chest Radiograph Reader System (CARRS) applies recognized 
principles in the psychop_hysics of human vision, incorporates neural network-based 
image analysis and integrates these with a graphical user interface. Advances in digital 
image processing, and classification techniques have made CARRS feasible for meeting 
screening, research and development, and clinical requirements. 

Through the adoption of the International Labor Organization (ILO) classification 
procedures, it had been hoped that reader variation in the classification of parenchymal 
abnormalities could be minimized. The ILO classification of the pneumoconioses is 
based on a structured procedure for detecting and characterizing patterns on chest 
radiographs. Numerous studies have shovvn, however, that inter- and intra-observer 
variability of radio graph readings by trained medical personnel has persisted. 

The methodology was implemented through the following tasks: 1) From a data base of 
several thousand patients, a set of 205 chest radio graphs were manually graded.by two 
pulmonologists; 124 of the films were then digitized at 12-bit high spatial resolution. 2) 
Textural features were calculated using high order statistical techniques. The features 
were classified by the pulmonologists to "train a neural network to extract classification 
rules chest radiographs based on the ILO methodology. 3) The neural network 
classification from the graded system was tested using 65 chest radiographs. 

For 5-10 areas selected by the pulmonologist on the chest radiograph, a feature vector 
composed of image characteristics such as density distribution, entropy, fractal 
dimension, opacity counts, shape, etc. was calculated. This feature vector characterized 
numerically the areas used by the pulmonologist to grade the radiograph. The neural 
network trained on the same regions used by the pulrnonologist, and through a 
quantitative feature vector, "learned" the characteristics of each ILO classification. 

1 R43 OH003595-0l - Soliz Page 1 of 2 



NIOSH Extramural Award Final Report Summary 

The laterally-primed adaptive resonance theory (LAP ART) neural network was selected. 
LAPARI presents the results of the training in human interpretable "rules." LAPARI 
trains in a single pass ("fast") making it attractive for a clinical setting. To demonstrate 
that calculated characteristics of chest radio graphs could be used to train the LAP ART to 
classify the radio graphs using objective and quantitative parameters, a pilot study was 
conducted. 32 statistical features from 124 digitized chest radiographs were calculated. 
Statistical parameters were selected based on their contribution to the separation of 
classes. The parameters included entropy, contrast, fractal dimension, and co-occurrence 
statistics. The computational efficiency of LAP ART was demonstrated in this 
experiment. LAPARI was trained on a Pentium 200. Training time for 10 experiments, 
where the training and testing radiographs were randomly selected, averaged 15 seconds 
per experiment. 

In conclusion these experiments showed that LAP ART is a worthy candidate for basing a 
semi-automatic chest radiograph classification system. The experiments demonstrated 
that CARRS has low classification variability and has a significantly high accuracy. The 
results of each of the 10 experiments showed that the LAP ART neural network algorithm 
could be trained to "learn" the extent of the "hypercubes" which represented each of the 
six classifications in 32-dimensional space. LAP ART classification accuracy averaged 
98 %. "Truth" was determined by the two radiologists. 

Publications 
No publications t6 date. 
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