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“HE possible pathologic features and 
the various causes of increased thick- 

ness of the prominent linear shadows, espe- 
cially those extending from the hilus to the 
Lase of €0 many individuals examined for 
tuberculosis and other conditions, have been 
questions about which more or less doubt 
has existed, Furthermore, it is frequently 
aifienlt to assign to their exact diagnostic 
value, in the detection of carly pulmonary 
tuberculosis, the more isolated thickened 
trunk shadows often found in the apical 

ns. In attempting to derive a better 
understs anding of the causes of these 
changes from normal appearances it was de- 
cided to approach the subject by a study 
of the chests of a large number of indi- 
viduals engaged in various dusty occupa- 
tions. This work was instituted about a 
vear ago on a small scale, hut it soon 
proved to be of so much ¢linical and roent- 
genologic interest that it has been con- 
tinucd throughout the past year as time 
could be spared. 

As a rule, we have found firms and cor- 
porations guite willing to have the inves- 
tizations carried ont upon their employees, 
and it has frequently been to their advan- 
trae 0 to do, cither by being assured that 
the dust inhaled by their men was not so 
harmful as was claimed, or by having ways 
@ wl means suggested wherehy the dangers 
from dust inhalations could be lessenced. 
The Trenton Potteries Company and the 

Whitehall Cement Works have been most 
generons in supplying material and other- 
wise aiding us. A number of carpet, plush 
and silk workers were furnished through 
the kindness of Dr. J. W. Schereschewsky, 
Surgeon U. S. Public Health Service, and 
the remainder has been supplied through 
the Occupational Clinic of the University 
Hospital. Up to the present time one 
hundred and thirty seven individuals have 
been examined, distributed through the 
following occupations: 

Organic dust 

Carpet and plush workers . 18 
Tobaceco workers . . . . . 13 
Silk workers . . . . . . . 1 

Inorganic dust 

Poltirl . .o v le 5% o1 39 
Metal grinders . . . . . . 20 
Cement workers . . . . . 20 
Asbestos workers . . . 15 
Coal miners and marine firc- 

men .. IR 10 
Not L‘1<\lfi(‘(l o 5 ey o 0E 1 

Total . . - .« .. - 137 

Each case has had a thorough clinical 
examination, followed by a roentgeno- 
scopic study and a roentgenographic ex- 
amination hy stereoscopie plates. The 
clinical and roentgenologic studies have 

* Read at the Fightveath Annual Meeting of the American Roentgen Ray Saciety, New York City, Septemaber, 1917 
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been made independently, and as this is in 
the nature of o preliminary report during 
the progress of our investigations, there 
has as vet heen no comparison of the de- 
tails brought out by the two methods of 
examination, except in a general way. It 
is obvious, therefore, that all minor details 
should be omitted from this report, and 
the results of our investigations at this time 

Etiects of Dust Inhalation upon the Lungs 

Kinds of dust, whereas many occupation ; 
imply the breathing of vactous foros, and 
the effects are the sameinepenerat but may 
vary in depree, 

This report deals entirely with the roent- 
genologic aspect of the subject and is minde 
at this time in an endeavor to aid in the 
more acenrate roentgen dingnosis of pul- 
monary dvease, The elinical and patho- 

Fie 1. Oty oF tue Loweg Pokrox o tie Rrosouo, Tres oy Brsse 1 
voung 

affect the outermast ones 

be limited to a statement of certain well- 
established general facts, 

The entire subject is naturally to be re- 
pardidd as a study of preamoconiosis, a 
peneral term ||l|]r‘n\'ll| in referring: to the 
cltects mdueed in lang steacture by the 
profotged inhalation of abnormal quanti- 
tics of dust, Inoa general sty of the sub- 
jeet we have proforred 1o omit all reference 
to such terms as anthracosis, siderosis and 
chalicosis for the reason that they are indic- 
ative of the results of inhalation of certain 

f trnction was merely neuwrotic in origan 
directly inro the traches amd most of it desconded into 
Note the distribution of the lo ver branches, Dust tahadation does noe Soom ta 

et with supposed csophageal stricture, it in whom the 
Il Bismnth fica 

right broneim 

logic aspects of pneumoconiosis are by no 
means new, hut tharough roeatgenologic 
studies have been very few, Perhaps the 
most valuable contribution is to be found 
i United States Health Bulletin No, 83, 
testiod Fanoary, 1oy, comprising o clinical 
and roentgenologic study of 333 cases of 
“winers” consumptionTM among the zine 
miners in Miscouri, by De. A, J. Lanza, 
Surgeon of the U, 8, Public Health Service 
and Dr. Samuel B, Childs of Denver, 
Another important contribution was made 
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Fifects of Dust tnhalation upon the Lungs 

F16. 2. PxEvsiocoxniosis v METAL Bart Grisner (DRY), SEVENTEEN Y EARs' 
OCCUpATION. 

The hilus shadows are greatly enlarged and linear markings are thickened, 
especially to the nght base, There 1s mtense mottling with small dense dis- 
crete spots on both sides, but more on the right. 

F1a. 3. Psevwocosiosts v Porrek, Foray Years' Ocevpanos, Snowine 
Covrsrarn ey Lirree Evioescr or Dost Evercrs ror Ts Tiwe 

The itus shadaws are shightly increase |, lincar markings thickened, and 
there ie a moderate amount of disercte motthing most marked around the 
middle of cach lung. 
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132 Effects of Dust Inhalation upon the Lungs 

by Dr. W, W. Boardman in the June, 1917, 
issue of the AMERICAN JOURNAL OF ROENT- 
GENOLOGY, dealing with cases of coal dust 
inhalation and reviewing the roentgeno- 
logic literature on the subject. Both of these 
were published while we were in the midst 
of our investigations, and it is interesting 
to note that the conclusions drawn by all 
of us, working independently, from the 

a carclul roentgenoscopie study, is by far 
the most accurate means of studying the 
effects of dust upon the lungs. The pa- 
thology of the discase has been well estab- 
lished by autopsy, and roentgen observa- 
tions serve to accurately portray the cxact 
conditions i viio. 

Practically all roentgenologists have had 
more or less opportunity to examine cases 

Fii. 4. Pxeuvsocostosts iy Coat Mixer Wio Wokked THIRTY-EiGur YEARS 
Ovtsipe THE MiNES. 

Roentgenoscopic examination: No interf 
Stereoroentgenograms: Increased hilus 

nce with diaphragm excursion, 
shadaws, lincar markings ohscured, 

diffuse pneumoconiosis, with discrete spots, distributed fram hases to apices, 
somewhat more marked on the right side where fibrosis is beginning. Note 
also the filrosis in the subapical region There were no unusual chest symp- 
toms. This is a transitional case between the second and third stages. 

roentgenologic standpoint, have in the 
main been very much the same, differing 
only in minor details. Each of the above 
contributions has dealt with pneumoconio- 
sis of a single origin, whereas we are en- 
deavoring to study the condition as it 
arises from as many occupations as pos- 
sible, and we have not, therefore, felt that 
our work conflicts with that of the other 
investigators. It has been proven by all 
that the roentgenogram, supplemented by 

of pneumoconiosis, but most of these have 
been isolated examples of an advanced 
stage of the condition. In order to com- 
prehend the various phases and to suspect 
and recognize them whenever seen and, 
maost important, to differentiate the ap- 
pearances of pneumoconiosis from those of 
other conditions, particularly tuberculosis, 
one must make a svstematic study of the 
roentgen pathology through all the stages 
and from the standpoint of every source of 
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Etfects of Dust tobalation upon the Lungs 133 

mvasion. When one realizes the very 
numerons occupations that=provide suili- 
cient dust to induce changes in the lungs, 
and the fact that dwellers in some large 
cities are subjected to sufficient dust to 
produce perceptible shadows in the lung 
structure, it seems quite probable that 
errors in diagnosis must be frequent unless 
the possibility of pneumoconiosis be con- 
stantly borne in mind, 

also due to a certain amount of dust deposi- 
tion in the cells and neighboring lysmph 
structures, The thickened trunks and the 
Ivmphatiec structures with increased den- 
sity tend Lo increase the size and density of 
the hilus shadows. Added pigmentation 
of cells and increased depositions of dust 
particles in lymphatic structures further 
out along the bra.iching systems of the air 
passages gradually produce small areas 

Fia. 5. Pxevrsocontosie ixy Coan Miver Wino WoRkeDp THIRTY YEARS IN- 
SIbE THE MINes, 

Roentgennscopic examination: Diaphragm almost fixed. Stereoroentgeno- 
ird grams: Extreme fibrosis of the thin stage, with greatest density in subapical 

regions, where the density simulates consolidation. Emphysema at bases. 
Bronchiectasis left side. Intense dyspnoea. Repeated sputum examinations 
negative. 

Three stages are to be recognized in the 
progress of the condition. In order to ex- 
plain the condition itself and the changes 
which take place brief reference must he 
made fo the pathology, which is very 
simple, The first marked effect of excessive 
dust inhalation is iritation of the air pas 
sages which amounts to a chronie biron- 
chitis, This in itself is responsible for more 
or less fibrous change which becomes 
legible in the roentgenogram as a thicken- 
ing of the trunk shadows. This is no doubt 

of such density as to be visible and give to 
the lungs the characteristic mottled ap- 
pearance so common in advanced cases of 
pneumoconiosis. Our experience has shown 
that this density is more or less closely re- 
Tated 1o that of the dust inhaled, being least 
in organie dust and greatest among metal 
grinders, Naturally the fibrous change that 
starts carly from irrsitation inereases, and 
there is later a decided fibirosis following 
up the deposition of dust. This seems 
finally to involve a large part of the lung 
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134 Effects of Dust Inhalation upon the Lungs 

structiuraand is no doubt responsible for 
the dyspnaca by rendering the lung inelas- 
tic, which is readily determined by the lack 
of expansion noted by the fluoroscope, and 
particularly in the diaphragm. Bronchiec- 
tatic cavities are quite common in the late 
stages, and a similar process is manifest in 
the ultimate divisions of the passages as 

Fi1G. 6. Pxrusoconiosss 1y Porrer, Forry-Five Yews' Occrparion 

Roentgenoscopic examination: AMmost complete fixation of Jiaphragm - 
Stereorocn ' genograms: Flilus shatows increased; linear tense dyspnoca), 

usually prominent. teunk.shadows, and an 
undue prominence of the finer linear mark- 
ings. This is due to the causes just men- 
tioned. It is the rule that the increase in 
thickness of bronchial trunk shadows is 
fairly uniform, which is the main depen- 
dence in distinguishing the case from one of 
peribronchial tuberculosis, but there are 

markings obscured; emphysema bases; dense mottling becoming eonglom- 
especially toward apice 

subapical regions 

emphysema. The division of the process in- 
to three stages seems to be a foregone con- 
clision among those who have made a 
study of the subject, Before any aceess to 
lterature conld possibly modify our views, 
we had made practically the same classi- 
fication which has been presented by the 
authors already referred to. 

The first stuge, roentgenologically speak- 
ing, is characterized by an increase in the 
hilus shadows and a thickening of the 

s; extreme Jilfuse fbro, 
nd heart and vessols deawn to the lefy; bror 

with bamnls o dia- 
ectatie cavities hoth 

Repeate f sputum examinations negative 

exceptions, and it is these which makes the 
roentgenologic diagnosis difficult or un- 
certain. Boardman aptly ealls attention 
to the et that roentgenologists have no 
doubt heen mistaking early evidences of 
pneumoconiosis for tuberculosis. If the 
distribution of the thickening is irregular, 
as it frequently is, and the trunks to one 
apical region only are involved, the two 
conditions are quite difficult to distinguish 
by the inexperienced observer, and often 
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Eticets of Dust Inhalation upon the Lungs 135 

almost impossible to differentiate by even 
the most experienced. A still more difficult 
problem is the detection of a-peribronchial 
tuberenlosis in the presence of evidences 
of the first stage of pneumoconiosis, In 
several instances we have recorded our 
plate readings as suspicious but we have 
not yet checked these up with the clinical 
findings. Abnormalities in the diaphragm 

lahouring class to “show off" their dia- 
phragms to hest advantage. The LNlmn 
of the excursion during nr«hmrv ro<p1r1- 
tion Letween the limits of extreme inspira- 
tion and expiration is very variable. The 
most common finding was a restriction at 
the inner portion of the right diaphragm 
during full inspiration and either a decided 
flattening or a concavity of the outer as- 

Fi6. 7. Pxevnocosiosts ix Porrer, Forty-Two YEeArs' Occupation, 

Roenty 
and ve 
Hilus s 

«!s pulled to right 
enosco pic examination: Right diaphragm fixed at mid-paint. 

Emphysema at 
dows and linear markings uncertaing dense nmlllmg still visilile but 

Heart 
<. Stercoroen! genograms: 

hecoming conglomerate; extreme fibrosis in both apical and subapical regions. 
R('pc':nl(w] sputum cxaminations negative, 

excursion are to bhe included in all the 
stages of the condition. We have certainly 
noted them in many instances in the first 

contrary to the experience of Lanza 
and Childs. There is no general rule about 
them, however, in the first or even the sce- 
ond stages. When the excursion has been 
equally shallow on both sides in the first 
stage, we have frequently been unable 

10 decide that this was not due to habit or 
to inability of many individuals of the 

pect. It seemed as though the inner portion 
were halted in its descent by the process 
responsible for the thickened trunk shad- 
ows. It was our impression that the de- 
scending trunk shadows were usually more 
thickened on the right side than the left, 
but the interference offered by the cardiac 
shadow prevented a satisfactory proof of 
this supposition, 

The second stage is characterized by a 
more or less uniformly arranged mottling 
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throughout the lung structure due to depo- 
sitions of _dust in the lymph structures, 
cells, and fibrous tissue interspaces, with 
the addition of a certain amount of loeal- 
ized fibrosis, This stage comprises what has 
usually been regarded as the typical case 
of pneumoconiosis. Its onset scems to de- 
pend largely upon the quality of the dust 
inhaled. Tt occurs comparatively early in 
coal miners, cement workers and certain 

Effects of Dust Inhakation apon the Lungs 

miners. On the whole, it has been our 
experience that certainly quality and 
probably weight or density are more im- 
portant factors in pneumoconiosis than 
quantity, contrary to the statement of 
Boardman. The distribution of the mottling 
is interesting. Invariably we have found 
it first appearing in the right lung, on a level 
with the hilus shadow, which is quite con- 
trary to the statements of Lanza and 

F16. 8. PNECMOCONIOSES 1N POTTER, TWENTY-NINE YEAKS' OCCUPATION. 
Dense mottling throughout both lungs. The appearanc at the left apex 

suggests an avociated tuberculous process. 

metal grinders, somewhat later in potters 
and ashestos workers, and quite late in 
those inhaling organic dusts. The volume 
of dust will, of course, enter into the statis- 
tics of this aspect of our work, and while 
this has been measured by Dr. Miller, 
comparisons have not yet been made. Tn 
metal grinders it was guite noticeable that 
mottling was observed before the usual 
first stuge appearances were well advanced, 
Cement, ashestos and carpet mills were the 
dustiest buildings examined by Dr. Miller, 
but no computations were made in coal 

Childs. Tt certainly becomes quite per- 
ceptible on the right side before it appears 
on the left, and for some time after it does 
begin on the left side, it is noticeably more 
marked on the right, Later on it is impos- 
sihle to denmwonstrate any difference on the 
two sides. The distribation is more or less 
symmetrical, but naturally not uniform, 
throughont the lung. From the starting 
point it gradually spreads to the bases and 
apices, but is never so marked at the ex- 
treme apices or bases as around the mid 
portion of the lung. The appearance of the 
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9o Cestoon 4 Aoae Aorp Twesmy-Nise, Wuo, Waes A Cowien, In- 
e A Veseram e Bork: Resvenisg Frukosis, 

The appearance 15 that of an extreme fibrosis which prolonged clinical study 
ved not 1o be tubercular in ongin. In the right bas erous 

fir ¢ cavities which, under the fluoroseape, could Lie N apening on 
inspar Wl callapsing on expiration. Compare this with fibrosis due to 
pcur ONINS 

Fre. 10, Oup Heaven Peesosaky Tomencevosis Invouvise Rionr Luxe, 
Wit Resvinisa Frueoss, 

Lurege branchicctatic cavitivs previously found are now frregular in shape, 
e left Iy the seat of a more recent process now healed clinically, Come 

pare with n is due to pnevmoconionis, 
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138 Effcets of Dust Inhalation vpon the Lungs 

mottting depends more or fess upon the 
quality of the dust. In certain metal grind- 
ers the spots are very dense and sharply 
circumseribed and can be seen when very 
small, This is so to perhaps a less extent in 
coal miners, potters, and probably many 
other oceupations. In cement and ashestos 
workers, among the inorganic dust occupa- 
tions, the spots are noticeably softer and 
less sharply defined and the appearance is 
more like the early individual or conglom- 
erate tubercle. In the organic dusts there is 
still further difference. Toward the end of 
the second stage the spots tend to enlarge 
and become conglomerate. 

Errors in diagnosis are not so apt to 
oceur in this stage. The appearance is so 
typical that no one is likely to mistake it 
for tuberculosis except possibly the mili- 
ary or bronchopneumonic types, and the 
history of the case is all that is necessary 
to correct any tendency to error, In a 
case examined without history, the dis- 
tribution of the spots in the early stage 
and the comparatively slight amount of 
mottling in the apical regions later should 
put one on guard to ask ques ons. Here 
again, however, it may be exceedingly dif- 
ficult to detect an early tuberculosis en- 
grafted upon a well advanced case of 
prneumoconiosis in the second stage. 

The third stage is the most interesting 
period in this condition from the roent- 
genologic standpoint, 1t is characterized 
by the appearance of diffuse fibrosic and 
all that the term implies. As an end result 
it does not differ greatly from the fibrosis 
that represents the terminal stage of 
clironic tuberculosis or some other less com- 
mon causes, It is sometimes difficult to 
draw the line between the end of the second 
and the beginning of the third stage, and 
we are as yet uncertain as to the appear- 
ance at the pedod of transition. In some 
instacees it would seem that the mottled 

. appearance agly conglom- 
erate and passes over into the appearance 
of dense fibrosis, sometimes closely resem- 
bling consolidation. In other instances a 
general haze seems to spread over a cer- 
tain portion of lung, resembling a thick- 
ened pleura in a flat plate but resoly- 
ing itsell into lung structure in sterco- 
scapic plates. The greatest density is in the 
subapical regions, although this is not the 
region of most intense mottling in the sec- 
ond stage. We have imagined that the 
marked emphysema usually present at the 
bases must have some bearing upon this 
distribution. Dense fibrous bands can be 
seen extending in various directions, and 
frequently to the diaphragms, causing 
marked retractions. The heart and vessels 
are frequently dragged out of- place, 
Bronchiectatic cavities are quite common, 
There is a very noticeable effect of inclastic 
lung structure upon respiration as studied 
by the fluoroscope. The ribs move little 
enough, and the diaphragms sometimes 
not at all. Is it in the least surprising that 
these unfortunate individuals suffer in- 
tensely from dyspnaa? In this stage the 
mottling has become extremely coarse and 
sometimes is to be no longer recognized as 
such. 

The differential diagnosis between the 
fibrosis resulting from tuberculosis and 
pneumoconiosis is frequently a most diffi- 
cult problem, and, we have had to ac- 
knowledge, sometimes weil-nigh impossible, 
It has been hard to believe that some in- 
dividuals have not had tuberculosis; but 
ropeated sputum examinations, sometimes 
over a nur her of years, have been nega- 
tive. Still nore difficult frequently is the 
detection of a tuberculosis engrafted upon 
this stage of pnenmoconiosis. Suffice it to 
say that our studies have convinced us 
that crrors in diagrosis have been made 
with considerable frequency, 

{ 
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