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‘ N YE HAVE been intensely in-
- terested in the roentgéndlngi—

+ cal aspect of pneumoconiosis
ince 1916. This interest originated
n a desire to learn something of the
hanges produced in the roentgeno-
grams of preswmably healthy adult.
hests by certain factors which were
ot definitely pathological but more
or Jess generally operative in modern
life among city dwellers and workers
0 certain occapations in which indi-
vidusls were exposed to varying quan-
ities of various kinds of dusts. This
aturally led o investigations of work-
&8 exposed to harmful quantities and
ualities of dusts, a5 & result of which
definite and striking pathological pul-
inonary change: weré induced. Ab
he time of our preliminary communi-
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.Rand miners in SBouth Afriea (2).

functions of life.

ia, Philadelphia, Pa.

eation (1), we were further stimulated
by the reports on silicosis among th&

became o most fascinating atudy as
added experience brought out new and
interesting features. It became quite
evident to us later that the physieal,
histologieal, and pathological processes
involved in poeumoconiosis Iade the
tenching of the roentgenological aspect
of pulmonary fuberculosis to studemnts
8 mueh ensier problem.

Naturally a deep interest in one as-
pect of the subject of poewmoconiosis
became eonducive to a desire to delve
into all of it4 various phases. Itshould
be borne in mind that roentgenological
appearances are always demonstra-
tions of pathological proceases of dis-
ease in the living subject and as they
may be modified by the phy'smiogmal

It has seemed quite evident that the
wo most important ways of atudy-
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sinée roentzenology is such a powerful
 mmeang of attack and defense in medico-
- legal questions. We stress thess facts
for the reason that we have beard so
puch inexpert testimony of tke inex-
iperienced offered as éxpert testimony
and even scegpted as such: o
Qur inlerest in 31l of (hese plases of
" the subject does not belittle the impor-
. tamee of the clinical examination, which
has indispenzable values, egpecially in
‘ relation 1o the various aspects or de-
grees of incapacity, particularly in the
late stagen of the disense, and in the
detection -of complicating tuberculoais
"gnd in differential diagnoses. But
. 'when roentgen examinations are made
‘with the proper careandby the correet
technic; and interpretations are based
- ipon the factors mentioned, what in-
. formation is there to be determined
 olinjcally which can ¢ompare in im-
ortance with the roentgen findings?
Nevertheless, the clinieal study is es-

it3. complete status as a pathological
tblem. There are but few clinidians

flicient experience to qualify them
the axpression of authentstive opin-
& upon cases of silicosis, oF poeu-
gonjosis of origing other than silica,

mite value in differentiating other
ong if pregent in the individuals

tienced in examining cases from

858 opiniohs upon cases in other
LcCupations. - Mwven the clinical
o of pulmonary fibrogis in its
ME degrees does not. give a com-

“Which may be present.
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gential in every case in rounding out

Ianthis country as yet who bave had. .

aough their opinion may be of very

¢stion. Moreowver, even clinicians.

bdustry may not be qualified to.

smowledge of the pathologieal.

, technic of roentzenological ex~
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aminations is of the uimost impor-
tanee in all cases in which the exact
status of the pathologieal condition
is of unusual importance, should any
exdst.  First 2 word In regard to rou-
tine flucroscopic studies alone: These

may be ample in the examination of 2.

lavge proup of odividusls doder cer-
tain cireunostances and im follow-up
studies sfter roentgenographic studies
have been made primarily. They
must be made with care, however, and
with the eyes fully aceommodated.
Fluoroseopie observations slone have
no value whatever as medico-legal
records, nor are they likely to pive
much information in certain industries,
especially when the silica intake is un-
usually rapid, ag in high percentage

silica. dusts. When an exact knowl-

edge of the lung condition, and. as to
whether any existg, is highly desirable,
the technic of examination must be of
the most exacting precision possible,
wnd at least equal to that employed in
the detection of early tuberculosis.
Unfortunately, it 18 carried out in this
manner with comparative infrequeney.
Stereoseopic roentgenograms, made in
the postero-anterior divection if pos-
sible, are of the utmost importance,
egpecially when unususl questions are

to be zettled. Aside from their gen..
eral dizgnostic superiority over flat

filmg, the latter are apt grossly to exap-
gerate minor apperent abnormalities
which may become actually insignifi-
cant when viewed stereoscopically.
In advanced silieosis the lungs ave
practically -always emphysematous,
and the thicker lower portions contain
much more than the normal amount of
gir and sometimes comparatively less

interstitial pulmonary tissue, hence

these portions are likely to be over-
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ing pneumoecohiosis are, first, through
pathology,—a natural process of in-
vegtigation in the dead or an experi-
mental process in living animals, and,
secondly, by roentgenological examina~
tions on living subjecte. A dorrela-
tion of investizative ohdervations along
these lines together with a study of the
physmal and chemical factors involved
in thé inkalstion and subsequent dis-
posmon of the dust has been the means
of » thorough understanding of the
condition of pueumoconiosis. By the
phyuical and chemical factors s ineant
the physieal qua.hty of the dust, its
thekhical composition, determined es-
pecially by petrogra.phm estimations

in the case. of silica, the dust count (by.

light or dark field whichever may be

recornized asstandardin the futnre) at

the individual locality during general
working couditions, the time at work
and duration of oceupation, the pro-
teotive devices ¢mployed; and their
Approximate protective  value. To
thege should always be added an inves-
tigation into previous oceupatmns and
dust exposure. - © -

~ Tt -hing been' thost for‘tunate for gen-
erhl] informitiou of all of us interested’
in the subject that aniple opporturnities
have been afforded to various inves-
tigators for autopsies on individuals
presenting oll the verious degrees of
progress of silicosis in many different
mdustnes Tu the antopey checleup of
menfbgen appearances in early =nd all
stages of pulmonary tubereulosis it
has been necessary, with very few ex-
ceptions, to-await death from the ter-
minal étages of the dizease in the hu~
man: subject, and few oppertunities
have been afforded for comparison of
early roentgen appearances with the
pathological process ms: it existed at

10D JUuuRNAL UF INDUSTHIAL HYGIENE

ture 2t the time in practically all ata.ge

» a2 possible on the basis of pathelogie

: ‘ﬁndmgs must be familiar with the ap
"'pearances ‘'of the healthy chest and’
) lungs, with those produced by poen-

"when they are of vital or medico-legal 3

that particular period. . Since 1tk

workers in many dusiy industries hoyy

been exposed frequently to'other hazj
ards sueh ag industrial sooidents w
have resulted in death, it has been po
sible to compsare the roentgenclogieald
appestance ‘with the pathologios] pie3

of the condition.

1t has been our endeavor ta Iea
the interpretation of roentgenograpm
and fuoroseopic appesranees as nes

#tudies and we believe that anyon
qualified. to interpret roentgenological

méconiosis in all’ stages of “progres
inall' dusty “ocoupations, - with . ile
pathology of the dizease under all o
these conditions, and with the physical
factors involved in its production, §
Otherwise one is not qualified to zender '§
securate’ interpretations, especially.

importance. A knowledge of pathol- §
ogy ia just as important as differential §
diagnosis; moreover, anyone familiar 3
with the roentgenographic appesrances J
of the various stages of the condition §
characteristic of but one indusiry, such 4
28 mining, pottery, or granite cutting,
is not necessarily qualified by that ex-
perience to make sccurate interpreta-
tiong in connection with the  diseas
acquired in certain other industriey
such 28 sand pulverizing or asbestos
Appearanges which migh
be interpreted as of comparatively
trivial importance in workers in one
industry may be of very great impor-
tance in another. Such knowledge is
of the utmost 1mportance in both' di-
agnogie and pragnosm, particularly
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exposed especially as to penetration,
if the routine technic adapted to the
normal individual of the same physi-
eal development is employed. It is
often advisable, therefore, to make o
set of roentgenograms by the usual
technie for the build of the individual
which will show the upper chesf. ade-
quately but which may blot out much
of the pathological change in the lower
portion by over-penetration, and then
to supplement these roentgenograms
by another set of lesser penetration to
show to better advantage changes in
the lower Jung fieids, (Figs. 1 and 2).
Often in advanced cases there are
dense fbrotic consolidations; in the
mid or subapieal lung fields which may
be tuberculous iz addition to being
silicotic. Another single roentgeno-
gram, or stereoscopie pair of very wuch
over-penetrated exposures, and espe-
cially if ynade withthe useof the Potter-
Bucky diaphragm, may throw pddi-
tional light on these areas. Bometimes

we have in this way shown eavities in’

them whieh epuld not ordinarily be
found. Latersl views are often very
important in the location of lesions,
in showing the posterior cogtophrenie
spaces, in the determination of the
exact degres of emphysems, in the
estimation of eardiac size, and the
condition of the heart and aorta, apd
sometimes in differential disgnosis. It
is o well recognized fact that the sagit-
tol vicw does mot give ihe correct
JInformation as to heart size and con-
figuration of its shadow in-the ad-
vanaed silicotic individual, and the
lateral view is imperative for this de-
. termination. The marked emphysema
of the advanced silicotic is likely to
cause rotaticn of the heart and to

diminish the width of the cardiac form with them. Most dusts which

shadow in the sagittel wiew. T
localization of large, dense areas
eonsclidation by the lateral view
often. very important for differentia);
diagnoesis. If these areas sre found to
be in the apex of the lower lobe they:
are not apt to be tubereulous, as lower 4
Iobe apioal tuberculous lesious ure hot
Iikely to take on this appearance,
~ Supplementary fiuorozcopie obser-
vations shonld be made of avery ense
examined. The speaial advantage, in
addition to those of every chest study,
iz the determination of diaphragmatie
excursion and costal expansior, which
is & most important factor in estimat.
ing incapacity. Inthe casesof rapidly
progressive interstitial fibresis, this ob-
gervation mmay be the deciding factor
in diagnogis or in the interpretation of
roentgenographic appearances. More-
over, & preliminary fuoroseopic ob-
servation is likely to be the mesns of
determining just what sdditienal ro-
entgenograms may be required in any
given case. ‘
Much hes been written upon the
oentgenological aspect of preumo- |
eoniosis, and we are loathe fo add to -
that which we have already presented
(3, 4, 5, 6) except to emphasize what
appear to ug to be very important
points in the present-day chaotic state
into which the subject of this condition
has. fallen, or, perhaps, it would be
better to say arisen, The most im-
portant of these would seern t6 he the
nacessity for exact correlation of roent-
genogrsphie findings with pathological
processes. It becomes neecessary,
therefore, to review briefly the known
pathological changes in order to show
hew we have attempted to make the
roentgenographic appesrances c¢om-
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Fre. 1. Nonoel genersl reentgenographic expoews of the chest of 3 mals, amer] 30
yeats, who worked for a libtle over & yesr i & rarn pulverizing plant, The cnly
symnormal appearance ia o alight general haze in each lower | fisld.  Thie ia due ta

e heginming of an intersd tial predominancs of eilicwsia, W 0

on of gcyupabion, givas an unfavorable progusis,  'The coxdit
1 afed by tho marked resiticbion of boih dormea of the dizphragim. There was no
wodular appesrance,

Pre, £ Another rosinfgonogram of the ssine caae ms illustrated in
Less penckration, ehowing the lever bang fields o belker sdvaningn.
ii Itaolf E|fl uid net beuesd for diagocatio pucpeses, buk only with Lhe
the gizn of the § i .

Tijura 1, with
Tais expoaure
norinal ane for
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RIAL HYGIENE DENTGENOLOGICAL ASPECTS OF PNEUMOCONIOSIS 123

wlle in the lymphoid deposj

* dust cells or phagocytes i mMmmmmmm
i carry some of this dischargs mwmimmmm.m
to some of the mote centrd S EE
1id deéposits, until eveniyall mm .m.m“.m.m_m
pulmonary lymph nodes s wn wmmmm
. Wherever the altered =il .nmm mmmmm
ozited there oecurs a cellular 7 #iEtse .wm
» with both infiliration and pry Mm "
ion, and eventual local heorost mm 33
y microscopic in extent, followe; ZLsEE
iling by fibrous tissue. - Bo fa (H

hsve deseribed thiz involves th
vid deposits and pulmonar
rodes in & progresgive proces
then, we bave definite patholog!
ects,—these structures becom
«l and are the seats of subag
tbrosis and both processes ranzg
h block in the perivascnlar and]
nchial Iymph vessels. Ther
o protiferstive thickenings off
iphatic walls which add to th
1 block or stasis. Now let u
- the prosess thus far develops
er the normal roentgenographi
nees.  The enlarzed and mor
fbrosed pulmonary lymp
ill appeat as enlurgement and
d density of the hilum shadows,3
. lymph stasis and thickenin,
gssels is likely to intensify thed
hadows and linear markings3
‘ion, the general enlargementd
hoid deposits may cause

ested by rea

b lowar
dome of the diayhragm. In the mentgensgram where

phive of 5Tl enrl
duced in o reduction.

1Ca

K cTggelasts bihem shadows anc inc
gdowa indicaks the perivasculae-peribronchistlymph node bepo of =il

“Ths increased densii,

i of the ¢heat of satee] reoulder

%
y of the rig

5,
of fibroeis, whiel. is ferther s

Belds; ind

Tro. 4. Beoentzeno,
The
G100 1w ko be repea

patipa,
the mid lung

irunk b

o whi

log &

tha

3 CanE

in

i€

¢ evilencne of poewmocoDiceis in t.

we uziaf the jeek-

pioctoding t

Chest examrined becaues of sccupation daz

ativesxeept Tor (e caleified prmar,

. Roentgencgram of the chest of 1 arthracits coal miner azed 3% ears
i i kendaaf wark

increased density or faint; hazg.§ yEE2

wtions of the lung fields mosty H Ze

—the mid flelds and firgt on g mmmm

t side. (See figs. 3 and 4.) mmmwm

jearance may be due to an mm.mtm

use described later. At any .mm,m.mm :
v slght enlarsement of the .mmwmm.n §

U deposits is & microscopic 227 2

;v of later macroscopic nodu- sSEeEe

iwranees, also Jiscussed later. , rm mmmm
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It is erroneous to refer to all of these
changes in appearance as the result of
fibrosis *lone.

Now this appearance of prominent,
hilum shadows and increased promi-
nence of trunk shadows and linear
markings, with or without the faint
haze, has in this country at feast been
designated as the first stage, of silicosis
or pneumoconiosis. There may he
some excuse for continuing to call this
the first stage, but continued experi-
ence With cases of pneumoconiosis de-
veloping in various industries has fed
us to question the wisdom of designat-
ing any appearance of pneumoconiosis
by any term denoting numerical stages
of progress. In this particular in-
stance under discussion the individual
may develop the appearance in a com-
paratively short period of from 1 to 5
years, or not pass beyond it, on the
other hand, in fifty years. Moreover,
itis not apt to be distinguishable as a
stage of the past in more progressive
periods of the condition, and in some
industries it may be insignificant or in-
distinguishable as a stage at all. We
prefer to designate the'appearance by
a term which implies its pathological
nature and to call it not a stage but the
perivQsculur-piribrQ'niihitifi-tym'ph  node
type or preponderance of the condition.

The appearance of this type or pre-

eharxctprfetie of pnenmocr/riosis bur,

chronic bronchial catarrh, Im.nchiec-
tasis. passive congestion from cardiac
; deebinphii®ibii,bthe
i'dfi maligiaficy,'n”
should not be accented as ng evidence
6Tpneumoconiosis, especially in medi-
co-legal Cases, unless all of these con-

ditions are positively ruled outand thfj
appearance has become. present g
more marked over a period during
which serial examinations have bed
made. Moreover, even if due to pneiil
moconiosis, the appearance does »ok
represent an incapacitating degree of
the condition in any way, or most cetjj
mtainly not unless it has developed
mtfier rapidly »flei suiting in a dusty
occupation capable of producing itf
With very rapid development of pneu|
moconioais one is more apt to find evi-i
den'ces of the interstitial type of fibro-
sis.  We may seem to be unnecessarily!!
verbose in connection' with such
minor aspect of the condition, but our
experiences with so many cases of what |
have seemed unwarranted claims fori
total disability based largely on no
more roentgenological evidences than'
those just mentioned, have forced us|
into this detailed expression of facte.

In cases with silicosis which ismou-

croseopic nodular 'lymphoid deposit
proliferations tend to Ixcome conglom-
erate and to produce a macroscopic
nodular process which appears on the
royregenograflii as the typical rounded

diameter, or even larger, apd which
ate so, characteristic of the condition
in many industries. As this appear-;
ance was. found as.a more advanced
stage of silicosis in tie earlfer cases ex-
amined, ami especially among miner!-'

the sJcoxil stage of the condition. (bee
iihgbfiiffblfe isimasPicuanAbWin

saner or itisfenlfioanyn however, in
many indusmes. notably the granite

cutter, sand blaster, sand stone.and a3-t ||

1bestos workers. (See Fig. 6.) 1tU os-
pecjally likely to be sbsent*or ineo™-
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RIAL HYGIENE

1 are positively ruled out-and
rance has become present
marked over a pericd dur
sarial examinations have
Moreover, even if due to pn
inzis, the appearance does
and s ineapueilating degres
mdition in any way, or mMost oy
not unless it has develo

s rapidly after starting in a du
ation capable of producing
very rapid development of pny
alosis one is more anpt fo find &
& of the interstitial typs of fib
We may scem to be unnecessar
ge in connection with such

- aspect of the condition, but ¢
ienced with so many cages of whi
seemed unwerranted claims f
disability based largely on
roentgenclogical evidences thas
just mentioned, have forced
his detailed mwﬁummmpon of facts, §
cases with silicogis which js mod
ly slow in its progression, the my
apic nodular Iympheid deposj
erations tend to beeomne conglor
and to produce a MACTOSCODI
lar process which appezrs on thi
genograms as the typical round
ws from 1 to 5 millimeters ij
gter, or even larger, and whi
o characteristic of the conditiof
any industries. As this appeaj
was found as a more advane
+ of gilieosis in the earlier cases ex
ed, and especially among mine
is country, it was and is still call
econd stage of the condition. (3
5) It is conspicuous by its abl
y or Ingignifieance, however, I
v industries, boemdq the graniig
ir, sand blaster, sand stone, and ag
3 workers, (See Fig, 6.} Itiseq
ly likely 0 bo absent or incoty
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spicuous in those who are developing
silicosis rapidly, such as in those
working with pulverized sand without
adequate protection, (See Figs. 1
and 2.)

If this appearance is absent or near-
ly so as a stage of progress in so many
industrial 3ilicoses, why designate it as
a numerical stage of progress at all?
We have ceased to do so, and have
called this appearance the nodular type
or preponderance of silicotic fibrosis,
or, more correctly, silicosis.

A coincident tuberculous process of
the typical adult type usually can be
distinguished readily in silicotic indi-
viduals with this preponderance or
type, provided the nodules are not
large or too widespread beyond the
central lung fields. When the nodules
are large and more widely dissemi-
nated the diagnosis of superimposed
tuberculosis becomes far more difficult
and may be impossible. Gardner (7)
has called out attention to the fact
that such nodules may become the seat
of tuberculous infection in some in-
stances and with some dusts, such as
granite. We have seen cases in which
the nodular type of silicosis haa been
closely simulated by an ordinary or
even hemorrhagic bronchopneumonic
spread from a primary apical tubercu-
losis to the raid lung fields, either ipso-
lateral or contralateral or both. The
appearance of nodular silicosis is often
closely simulated by miliary tubercu-
losis and we have experienced difficulty
in differentiating it from actinomyco-
sis, sporotrichosis, and leptothric in-
vasion of the lungs.

This type of silicosis may not be
definitely incapacitating unless it has
developed rather rapidly. It may not
be found except by chance in routine

££0166992*:0i JapuosuMou”un :woj-|

examinations until after 20, 30, or]j
more years of occupation.

There is another type of silicotic ap-\
pearance which was very puzzling to!
us at first because of its exact identity”
and our inability to find the proper|
place for it in a numerical classifica-
tion of progressive stages, . Our at-
tention was first called to it by Drs.
Riddell and Brink (S), and later by -
Dr. Smith (0), Further investiga-
tions and experiences with it in con-|
nection with some sand pulverizer?!
seemed to place it as a sort of missing'!
link in many ofthe cases in which there?
was an omission of the old second stage:
or nodular type of silicosis. Fortu-1
nately a definite pathological placed
seems to have been found for the con-
dition and a roentgenological classifi-1
cation for the appearance.

One can imagine the hilumward!
progress of dust and its effects being.
rather rapidly checked by an unusually-;
profuse intake of silica, resulting; in a-i
quick or abrupt blockage of lymphs
channels. Then only the plcuraTward ;
pathways would be open for the lym-1
phatic travel of dust cells. Soon these;
could bo closed in much the same man-
ner as the hilum ones. Gardner (10),
then came to the rescue of our theory’,
by stating that under such circum-
stances dust cells could and did pene-
trate the lymph channel walls direct;
into the interalveolar connective tissue i
to set up changes productive of an in-
terstitial cell proliferation and subse-;
quent fibrosis. Gardner further sug-;
gested that the previous condition of |
the pulmonary lymph nodes induced
by childhood tuberculosis and other:
agencies might have some influence on-
the rapidity of onset and progression 0| j
silicosis. We have had reason to sus-;

TO:ET TO00S-iS-:33d
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roentgenological aspects of PNEUMOCONIOSIS

|et thI3 possibility m some cases ex-
ained and 'showing marked bilateral
Ication of these nodes as a result
[ childhood tuberculosis.

$SThe interstitial cell proliferation and
Ibrosis so produced presents a typical
dentgCTiographic appearance and to
Ich we have just alluded. (Figs.
j-2,4,6.) Itisafine and rather homo-
eneous haze usually fust- seen in the
sight lung in the middle third and just
elow, and later in the left lung. It
ads to spread rather evenly into
rgerareas. It may or may not have
perivascular-peribroachial-lymph
ode type of the condition associated
1th it, depending upon the rapidity-
progress of the process. (Fig. 4.}
is likely to appear in very rapidly
ogreasing cases, but IS also found
jiOUgh less frequently in those of
jwer progress. We have designated
its as the interstitial type o> yiaivmi-
mee, and have subdivided it into
pid and slow, which subclasaifica-
must depend largely upon the
ysieal factors and time of exposure,
detection of this type requires
tgenograms of the best quality and
stereoscopic set in order to identify
i appearance as that of an intrapul-
condition. Fluoroscopic ob-
ei vatlona are necessary to determine
fether or not the underlying, cause of
| hazy appearance is responsible for

IIMcted diaphragmatic excursion.
type of fibrosis will almost in-
sbly progress to the terminal stage
tlittle or no appreciable nodular
fince. (Fig. 6.) Care must be
Incised in differentiating it from a
1C interstitial lung change result-
|from pneumonia or continued up-
t.respiratory infection as in the
ch. A tuberculous spread from

£T7'd
iStoei. :eBed

uiorxedff Aq pajamoj

127

another lesion must, also be ruled out.
If the appearance is limited to an upper
lobe it most certainly is not due to in-
terstitial silicotic fibrosis but is quite
likely to be due to a rapidly progressive
tuberculous process. We have had
occasion to make this differentiation.
Thickened pleura may closely simu-
late the appearance in the fiat roent-
genogram.

The condition responsible for this
appearance in advanced form and of
rapid development has been termed
“acute silicosis™ by Chapman (11) and
some others. We have seen several
cases similar to those to which Chap-
man alludes. Theseindividuals worked
in sand pulverizing plants and most of
them eventually died of pneumonia or
tuberculosis. It seems to us question-
able whether such a term as “acute
silicosis" ia advisable. Silicosis is a
condition which is extremely variable
in its progress and yet the actual onset
of fibrosis to some extent is probably
largely simultaneous no matter how
rapid the ultimate progress. This un-
usually rapid fibrosis differs from the
better known forms of the disease only
because of variations in the physical
factors involved and the greater and
earlier predisposition to pneumonia,
tuberculosis, and other respiratory in-
fections, It has seemed more logical
to speak of a rapidly developing than
an acute silicosis. Moreover, one can-
not be certain in these eases that the
acute factor is not largely a rapid tu-
berculous process or a pneumonia.

There are few if any arguments to
be recorded in connection- with the
terminal stages of silicotic fibrosis. In-
stead of the third stage, we have pre-
ferred to call this aspect of the disease
the terminal diffusefibresis.  Itis more
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entgenological -appearances have
en somewhat variously deseribed by
iffarent awthors (12, 18, 14, 15), and
‘perhaps essiest for roentgenologists 1o
dbrstand by Sparks (16), and ae-

ell, they may be briefly summarized
n the basis of the probable pathology
£ ashegtosis somewhat as follows:

here is an appearance suggesting
ereased prominenee of hilum and
nk shadows, especially in early
pes, but this is overchadowed later
oni by other features. Itis somewhat
idifferent from the perivascular-peri-
hronchiallymph node predominance
qlicosis.  Sooner or Iater, theré ap-
gars & rather homogeneous density in
he: lower lung fields, evidently due to
winterstitial type of cell proliferation
hd fibrosis. Later-on there is a fur-
ler increase in: this density in & wider
wld, with. a fine network of fibrosis,
hich mey be a transition of interstis
toamild terminal fibrosis. There
ivery little nodular predominance
i it is always inconspieuous.  With
rappearance diaphragmatic excur-
on:is wited and the outline may be
‘ven, Then there are zome appear-

of silicosis; The diaphragriatio

es are clouded, there is the ab-
e of the typical emphysematons

-sma)l shadow of the rotated heart,
#the jeft cardiae border is offen
indistingt. Now the first twe of
1agt appearances cannot be laid
ened pleura alone, becauge this
ociated with. ailicosis also. The
et left cardiac border cannct be
ely 10 lung changes, because
3 a5 much or more pulmonary
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prding to our own observations as

which differ very materially from -

line is indistiret, the costophrenic

rance of advanced silicosis, with
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change in silicosis. It is a theory of
ours that the absence of marked evi-
dences of emphysema and all of these
other differences might be explained
on the basis of a lack of aeration due to
the very peculiar characteristie patho-
logical features of awbeslosis to be ex-

- plainedlater. Cettainly there is much

to learn about this condition, and es-
pecially by serial study.. - .-

Space will not permit our entering
into all of the details of the subject
of pulmonary ssheatosis. . These are
many of the essemtial - pathological
changes found in silicosis, sich ag thoge
sugeested and congisting of a moderate
cell proliferation and fibrogis.  The
predominant pathologieal feature is
the presence of the asbestosis bodiss
which numerous authors hive: de-
seribed and to whom we have referved
in & previous presentation on the sub-
ject.(8). . These bodies are of various

 sizeand are found in various stages of

developiment' in meny localilies, but
particularly imbedded in fibrous tiskue;

most .of them in large clumps ‘in the

nlveoli and very.large ones.in the fers
minal air passapes. Whether any fix
bres are sufficiently small to' be phigo-
cyted is uncertain. . Certainly they do
not reach the pulmonary lymph nbdes
(16). The bodies increase insize from

" the original fibres probably by colleidal

aggregates of blood protein and eoxi
taining an iron salt (17). Possibly, ss
Bparks (16) suggests, this rezction 1o
the inhaled asbestos fibre ig; after all, 5
safeguard apainst even more serious
pulmonsry changes. Gardoer . (18)
has admirably deseribed the relations
of the largest of these bodies to the
terminal air pagsages in. which they
are found., He statesthat they areapt
10 be surrounded by & fibrous collar in-
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the air passage wall, and it has seemed
to us as quite likely that this collar
surrounding what id really & foreign
body of inereasing size, togother with
the presence of large clumps of the
amaller bodies in the alveoli, must be
conducive to a condition of multiple
minute areas of atelectasis or drowned
lung. - Buch a state of sffsirs might
well explain the lack of roentgenclogi-
cal evidences of emphysema and the
other peeuliarities of asbestosis as com-
pared with silicosis, and also the in-
tenze dyspnoea and cyanosis of the
late chmceﬂ stages of pulmonary age
bestosis.

~ This is & comparatively new aspect
of poeumoconiosis. Intensive studies
of thé condition have been made in
Groat Britain, especially by Mere-
wethar (19), and Merewether .and
Price (20), and in SBouth Afriea by
Simzon (1), Cowperatively littie
has been written on the subjeet in this
eountry except by Lynch and Bmith,
(22), and Gardner. The conditions in
the industry in this country should be
judged with a fair dagree of accuracy
by compsrison with those in Great
Britain. The report by Merewether
snd Price states that approXimately
2200 individiials were exposed to prac-
tically pure asbestos dust in factories
in Figland. Now Great Britain and
the United States both use the Cans-
dian asbestos product alinust exciu-
sively and -conditions in the two
countries aré probably very similar.
Merewether (23), in 2 pergonal com-
munication, has stated that there were
319 ‘récorded deaths from silicosis in
Great Britainin 1931 and 9 from ssbes-
tosis or gsbestosis With tubereulosis.

Pull particulars were available to date

of 85 deaths from asbestosis or ashes-

“tries and their produets.
"admit that certain hazards must

tosid with tuberculosis, In 11 ca
tuberculosis was either a complieati
ar terminal factor and in 24 no tube
culosis was prescnb,  “The avery
age at death in the cases of ashesto
with tuberculosis was 45.7 years,
the average length of employment
asbestos, 13.5 years; in the cases wi
out tubereulésis, the average age
death was 40 6 years, and the avers,
Iength of employment in ashestos w,
15.1 years.” Their asheatos risk h
heen controlled sinee March 1, 10
by a very stringent Code of Regu
tions (24, 25, 26) applymg tor the
dustry. .

We must all realize’ that pheumy
coniogis, while a dangerous and
capacitating condition under certs
circumstuoces, iy u glore or less nee
sary rislc of commercial development
the progress of civibzation. We ca
not get along without coal, and yel
coal mining entails. certain hnzards
one of which is pnsumoconiosis. Bo
minera will work their entire lifeti
at their mining: ocecupations and &
develop any incapacitating form of ¢
condition; a few others may not be sij
fortunate. We cannot adjust o
mode of living to be deprived of golds
iron, and other metals, of pottery,
bestos products, the foundry, abraai
work, and inoumerable other indus
We must &

accepted by the worker after ke b
heen made fully acquainted with the
provided thoy are known by thoze
dividuals who are In a position to gi
the information. * This is one point
view of the subjeet.

‘Ancther side to the question is th
it is incumbent upon the employer.
protect his emplovees to the best

TaEE—-LZ—-3d
££0/6E9GCY (01 ISpuBSUMOLNUN WOl N #O:Z) 10°dRd°LE pansdsy

Tor'd £R:ET

1Z Jo 9} :efed Wod"XegE Aq pasamog



is ability by aIl Enown and pmven
gsfety precsulionary measures. :
-, Thirdly, an extremely important &

to¢: little attention has been paid jn
e past, is & means of acquainting
‘employers of possible dangers to their
workers and of the best precautionary
' heasures to be used in order {o mini-
ize the hazards or enfirely remoye

entive mepsures, but employers are
ot students of industrial medicine.
Btate Health Boards have been active
.in spreading propagenda in connection
ith preventive medicine and com-
.amunicable diseases and in enforeing
riain regulations for the control of
he latter, but how much attention
ve they given in past years to regu-

- Morally, the worker digabled as =
Bult of the dust hazard would seem
‘be entitled to compensation just
o8 Iouch ws thougls his lncapaciby
were the result of hodily injury. His
alization of this fact has suddenly
evelopad s medieo-legsl -sspact of
euracdeonioais in this country which
& the preaent time more of, lgss i in &
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tion of the dust hazards of industry?

‘eountry as ours,

pect of the situation, and one to Wmch. e

hem. Industrial medicine has known  moeconi

he hazards and has developed the pre- an 1mporta,m part'm the conflicting ex= :

pert testimony. It seeras to be a difh-
cult matter for Boards or juries fo
decide upon the relative merits of op-
posing medies| tostimony, whereas it
would seem that the basis of these
merits should be the qualifications of
the opposing witnesses. We have ob-
gerved Inzfances jn which thiz might
be & very difficuit decizsion even for
medical men,. bocause medical opin-
ions must often differ.” Un the other
hand, there have been very many mors
{nstanges in which it would sesin that
it slivuld Lave been » very easy matter
to have decided upon the relative
mmerite of the character of testimory

. and of qualifications. We have pre-

sented the foregoing facts with o view
of attempting to preseribe what the
qualifieations and knewledee of a ro-

entgenological expert should be in con-

nection with silieosis.
The tardipess which we Americans

Jhaveshown inthe adoption of adequate

measures t0 adjust all diffieulties. in
conneetion with dust hazards probably
is best explained by the wide seattering
of the industriez in which dangerous
dusts are evolved over such a large
In England and on
the Rand, for example, where hazard-
oug dusty industries are far more ¢on-
tentrated than here, attention was
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eentred upon gilicosiz at an earlier pe-
riod and received much more serious
attention. In our own country pneu-
moconivsis, wed especially its hazard-
oug aspect, receives very scant atfen-
tion in the eurricnlvm in most of the
madieal sehoole, and partieularly in
those in which there is no courge in in-
dustrial medicine.
form of government ig not eondncive
to anh easy control of the situation:
The Federal Public Health Serviee
has performed yeoman service along
investigative lines in most sspects of

silicosia, but the Federal Government

does not make regulations and pre-
. =seribe compensation laws. These du-
ties must be left to each of the States
- individuslly, . \
There can be but one satisiactory
outcome to the situation. Compensca-
tion Iatws must be passed by each Stete
ae nearly uniform in cascntial deluils
as possible in order to avoid any ef-
fects leading fo unjust competition.

Medicnl Borrda wust be ereated hav—

ing, among their many other duties,
full autherity to decide upon the merits
of all elaims for dizability from pneu-
maepniosis, without recourse to eon-
Picting medica) testimony. This would
require that all members of . such
Boards should be thoroughly familiar
with all agpects of the condition. The
physieal problem such ag dust counts
and anslyses of dusts would have to be

teken eare of by experts in these lines.

The Board could have the advantage
of investigative work bry such bodies
@s the United States Public Heslth
Service. Experimental work would
probably have to be garried out as it is
st present by well recognized: private
individuals or institutions. This seemns
like a Ttopian scheme for this sountry,

THYE JOURNAL OF INDUSTRIAL HYGIENE .

Then, tco, our.

- provide means for the periodie exay

pations.

but it is only because we are a natj
of individual states, each one of whj
must adopt procedures which in otk
countries are carried oul. with say
faction by central governments.

Such Medical Boards, in order-
Be fully effivicul, should have suthg
ity and be able to pass relisble jud
ment upon the health and the eon
tion of the lunge of all appliconta
positions under new employers and:

instions of all employess in hazavds
dusty cccupations: In the firsl
stanee, they should give due consid
tion to all possible effects from p
vious oceupations; bearing in mind ¢
progressive ngture of zilicosis of ¢
paratively rapid development, ew
sfter yoars of cessation from'a hazar
ous dusty environment. The last en
ployer iz mot always responsible f
the development of sn-incapacitati
silieogis, as is well dernonstrated in th
ense illuatrated in Figures 7, 8, and
The render is firat referred to the illy
tration legends, after reading whic
the following corment is in order:

This patient first came to- us’
1924, with a history of previous prie
monia and left pleural effusion (Fig, 7
At that time his occupations, past an
present, were unknown. A diagros
of pulmonary tuberculosis was entive
justifiable. He was next scen and e
amined in 1929 becanse-of pradusll
progressing dyspnoea. At that tim
the roentgenographic appearances.
once demanded an ingight into ooe
It was found that he ha
been & -machinist for 15 years, but b
fore that had been a miner for
months and a firebriek worker for
6 years. The inferences to be dras
from the two last examinations in.102
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