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AN X-RAY STUDY OF THE LUMGS OF WORKMEN IN THE ASBESTOS "™MDUSTRY,
COVERING A PERIOD OF TEN YEARS!:

By ARTAL W, ( RORGE, 3D, and RALPH

MER UL mh;;‘:ation is a subject in which
',,) we hove been particularly interested
for 1 i ~mast ten years.  Qur approach

(o this prohlem has been threugh the
mcdium of the x-rav. During the past
ve Vveurs, '1“ dust hazard in niay in-
dustries has beconie a serious economic fac-

tor, for the ndividual workman as well as

for the cornoration and insurance com-
pany. i sowe instances the amount of
alleged diLitity among the workmnie, from
dust, had *'L-:xcncd such proportions that
Srsuranice conpanies became insolvent, and
‘he indus.rial plants were foreed to close
for lack of compensation insurance pro-
tection.

Dr-ri\w this period, we have had the op-
sortunity o studying the chesis oiover
three thotsand workmen exposed 1o a dust
hazard iu their regular occupation.  This
sroup meluded various types of dust haz-
ards-—miniuy  and manufacturing - -amnd
from vecious parts of this country, cast of
the R(yci\:m\. From this group i1 has been
our priviteye to observe with the xray the
changes in the chest which may result from
jore ar ic i< CONLinUous expostire Lo various
tvpc\‘ of dust, such as silicu, tale, marbic,
coal, ashustns, heavy metals, such as iron
and Brass, and various organic dusts, such
as woodd ther,

Tn this rather cursory paper It is our
purpose to record our observations and

conciusions based on an x-ray study of one
type of dust hazard, namely, asbestos
dust. he disease condivion resulting from
the inhaietion of asbestos dust i that form
of prtinoconiosis known ws ashestosts,
We shall comment on this discase, as an
ccononiie problem. as it coneerns the in
surance cmpanies and the industrial ac-
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cident boards. and also as a disease con-
dition in the individual, its patholoyy and
prognosis as observed by us through the
X-Tay.

In 1928, we began the int ensive study of
those exposed to the asbestos hazard in
one of the large industrial plants in Massa-
chusetts, where hrake lining was manu-
factured. Thwe hazard created was princi-
pally asbestos, with less than 20 per cent
ailica.  Drv weaving was first used and
then changed to wer weaving.  "Fhis change
was brought about by the fact that m 1928
and 1920 there were numerous cases which
showed svmptoms, referable oo the lungs,
characterized by increased difficulty
breathing on cxertion, cough, siweplessness,
and loss of weight, Of all the cases we
examinec din1u2s and 9249, our records show
that in 12 cases v-rav exaniination revealed
changes in the hings, upon which e based
our diagnosis of asbestosis. hese 12 were
at once put on compensation or giver a
lump-sum settlement and have been under
observation for scvernt years, throwing con-
siderable light on the natur.d progress of
the disease.  rom about 1(2s 1o 1433,
we routinely examined those cases sus-
pected clinically of asbesvosis. By 1933
the insurance premintmus had pyramided to
15 per cent of the payroll, and the carriers
were rather indifferent to the taking onof
this risk. F‘iwﬂy, one of :hc large com-
panies deciduid tial before they took aver
this risk, tv):‘;y would have examined,
clinically and by x-ray, ail of the cinplovees
of the plant, totalilng approximately cight
hundred.  The aiority of these workmen
were cxamined by us immediate’y at the
plant. There was a very sniatl number of
the total cruployees whese conditions we
dingnosed as asbestosis.  Out of this num-
ber that we cither su:\*pu;tcd o di'wgnosed
asbestosis, there were three cases that were
definitely  advanced, l,hcsc tm‘ce cases
were of intercst because they did not show
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anv of the usual clinical signs: and would

. o oaccount of the high wages they
~re earning, change their occupations.

hree men continved to work until
» olent was closed, i 1936, One of the
wree became a litigant 'ater.  The other
so disappearec into othier industrics and
recorded as claining disability to

Hese

Ceonov

e,
A survey of this tvpe naturally revealed
anv interesting  tung conditions  aside

~m asbestosis. <uch us aneurvsmy, carly
waled. active "n<‘ ¢lironic tuberculosis,
cort abnormalitics, ard many cases of

sidual changes froon previous lung dis-
8€8,

The plant was cventially sold to a com-
titive company and was immedintely
sec.  Within o short time after the clos-
nroof the plant, Y workmen brosght in
aons for d1>a';ilif.’\ due to asbestesis.

“hese U0 cases were exerined by us by x-
voand we made o positve diagnesis of
hestesis on 12, wit's three wdditional
ses questionable.  About 13 per cent of
e positive x-rav dingneses, in this group
40 claimed sympioms of asbestesis.
'he insurance carrier for this competitive
wmpas immediatel placed  theso 12
sed cither on compensation or they were
cyven lump-suno serticment i excess of
.00 The diagnosis was based upon
ne elinfeal and the x-rav examinations,
-ncinally the x-rav, There were jefi 78

wes ciaiming disability, but their pl' sical
md o xerav o exanminotions were negative.
i this group of 7~ ¢lanming disability, but

Gthout
shesiosis, Bt come

phvsice) or voray e\'id(,-n_:;-«_- of
to wrial. There is, In
SlrCity, the A:d Socicty which
drnistic the plantiiis as
cell as competeny mediedd experts. A very
anably attorney  was chosen for these
and Jobha B Hawes, Jr,
[.1D., 2« the medieal expert. He, o turn,
camined the both clinicallv and
Syoxerav, On thesc S0ocases he nnede a
diagnosis. Under our Statates of
edustrial H\v State of \assa-
qusetis is the ool “Panel Doclors,”
{ cgrovn of throo o ui whom is a roent-

.
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genologist.  Under owr State Law their
diagnosis is final.  They had the oppor-
tunity to examine 10 of these 30 cases.
Their reports in no instance definitely
stated ashestosis, but their findings were
reported as, “consistent with,” or “a
slight degree of,” or “the probabilitv of"”
ashestosis. It was obvicus in reading their
reports that they were not depending on
x-ray findings alone, but were giving the
benefit of the doubt to the workmen, in
many instances being influenced by the
history of exposurc. The x-rav films of
these cases which were diagnosed as posi-
tive by the Panel Docters, we would have
called negative. This illustrates the great
difficulty in interpreting an x-ray film, as
to the presence or absence of lung changes
due to asbestosis. In many instances it is
a matter of personal opinion, and the value
of an opinion iz in a large measure in pro--
portion to the roentgenologist’s training
and experience in this specialized field.
The late Jolm B. Huwes, Jr., NLD.,

was one of our distinguished specialists cn
tuberculosis. always forcefully expressed
his opinion regarding an individual who

. worked in a dust hazard, claiming that ex-

posurc for three years or more made the
individual -a potential case of ashestosis.
He so expressed himscli when these cases
came to trial. We all felt that at least 80

per cent of his positive diagnoses depended
upon history of exposure rather than sub-

jective or objective physical signs.

We will not ultcmpt in this paper to take
up the question of physical diagnosis, hut .
we will say that it is our firm conviction
that at the prescut time the only method
of positive (]1 agnosis is the x-ray, and that
aside from the history of exposure there
are no clinicel pathognomonice signs of the
diseasc. I'he clinical fucts on which Dr,
Hawes based his diagnosis and prognosis
of asbestosis were as follows: (1) history of
exposure; 2) difficulty. in breathing on
exertion; (33) -1y rapidity of heart
action on excrtion, wid (5) that asbesiosis
wags a progressive discase, once contracted
vdividudd remained in the
industry or wes removed.
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In addition to these clinical observations
of Dr. Hawes, it is interesting to notc that
i1 our experience a large nuniber of putients
showing a definite x-ray evidence of asbes-

tosis, give a history of coughing up blood.

Tig. 1.
TFig. 1. Case 1. Mrs. A, examined impartially
crploymest frone 1919 (o 1928, from 1031 1o 1034,
Figl 2. Cosez. Mr. Do, more than siv years’ on

The amoeunt ol blood varies considerably,
ustuallv no vore than blood-streaked spu-
Sum, oocasionally o substantial winount of
pure blood.  We have speculated  con-
siderably «s to the etiology of this symp-
tom. It has heen observed for some time
rhat workers in asbestos dust are prone to
Ue develonment of areas of irritation on
the hands. In many instances, thesc
lesions Cevelop into open uleers which are
extremely difficult to heal.  Alivroscopic
examination of some of these ulcer bases

has demonstrated the presence of asbestos
fihers embedded in the deep layers of skin.

A total removal of the wdeerative tissuc
containingt he asbestos fibers results m
srompt ficaling of the lesion. Tt is not im-
nossible that a somewhat similar condition

may deveiep in the trachen or bronehd of -

the lungs, with a superficial erosion ot the
mucous membrane, due te the mechanicsl
Sgritation of the asbestos tber aud the

RADIOLOGY
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svmptom of hemorrhage, so commonly ob-
served, is due to small bronchial ulcers.

It has also been observed that asbestos
dust like silica and some of the other dusts

scemns to have a selective action.  Tn other

g, 2.

i 1931, was negative; 1034, positive.  Inermittent

tintnus exposure,

words, certain individuals seem sensitive
to the ashestos dust and others are immune.
T35 @ very connmon experience to 1nd two
individuals working in the same concentra-
tion of dust for the same length of time and
same tvpe of work, and only one develop-
ing asbestosis; the other remains in perfect
health. No satisfactory explanation has
been made of this apparent idiosyncrasy.
{t is possible that the explanation may be
4 simple one, natmely, the method of breath-
ing. The man who habitually breathes
through his nose, with all the protective
mechanism which Nature has furnished to
prevent dust hazard, would have much less
chance of developing injury to his lungs
than the man who habitually Dbreathes
through his mouth and does not receive
the benefit of the protective organs of the
nose and nasal pharynx.

As a side-light on the question whether
or not asbestosis is a progressive disease, I

e A f
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would now like to reter to the 12 cases pre-
viouslv mentioned,
positive in 192~ and 1029, given compensa-
cion, end discharged. At one of the hear-
ve-caiied hv the insurance

iNgs Ley werd

LUNGS IN

thar were dingnosed as’
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nation we have the best and pcrh"ms the

only muthod of diagnosis of ashestosis at
the present time.

The x-ray reveals the actual tissue
chanyes in the lungs. In a general way !

e
»

more thisn <o yvears'
,miore than sin

Coase or Ar
Cast oo, NMr

to ustrute that these 12 who
re found positive by toth cliniecal

end x-rav examination were, by their own

COMDAnyY

DeEn

testiriony, free of ol svmptoms, and, ex-
cent for severa! women in the groun, were
doing iaboriots work in their new occupa-
tious, 11 according vo Dr. Hawer, asbes-
fosis Is @ progressive diseasc, onoe Con-

“Hese individuals should have been
1e condition as in 1925 aund 1929,

tracted.

P

e s

or much wor-e.  Iu would e logical to
sasume that eighe or nine vears away from

“he industry, without symptoms, gives us
very definite eviderer that disease,
arovided we were corect originally, is not
a progressive “uc, b least in this sarticu-
lar industry. '

1t s evident that -7 2 history of wxposure
to ashestos <dust iy cMminated, o positive
clinical dizgnosis o usbestosis cannot be
made. In ochor words, there '~ no one
phvsical finding or group of objective signs
which ’I)J!!(mlOHIC of ushestosis.
We are o that in x-rav exami-

s

flI'C

Tt \,AJ i

IFig. .

intermittent expusun
curs’ exposure,

these changes ‘are much less extensive, as
compared with silicosis or anthracosis.
We find little parallel between the extent
of the visible pathology and the severity
of the clinical symptoms. It has been im-

practicable to classify the disease into
different stages.  All of our positive cases

have show. about the same amount of
lung involvement.

The theoretical early” or “incipient”
asbestosis, o stage before visible lung
changes arc present, cannot, of course, be
diagnosed by the x-ray. On the other
hand, we are of the opinion frem our gen-
eral observations, and it is the opinjon of
several olinicians who have studied these

cascs, that asbestos dust will not give
symptoms untl there has been sufficient

lung-tissue change to be visible on an x-ray
film. The average uncomplicated case of
asbestosis  vives rather consistent and
characteristw x-ray findings.

In the Arst place, there is an increased

density in e lung-Delds. This increascd
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density is churacterized first by bilaterul
distribution, ans, secondly, by its being
mited to the lower lobes of both lungs.
The quality of the shadow is characterized
Ly o homogeneous quality and is deseribed

Ll vl

Pig. 5 Cuwe 500 3o Ho, more than six years'

T hosure,

i the literature as a ‘ground-glass™ or

SHT apnerrance,  The microscopic
chovrres in the fung show that we are deal-

i with an almest interstitial fibrosis with
crens of atelectasts of the ulveolt and
< dier bronehioles, Thereis anabscerce of
.y ross noduliition seen in silicosis. What
nodulation there 1s has a fine, evenly dis-
triined quatitvy. There are no character-
isiic changes about the root shadows.
Soe cases e associated  with hitnm
Jhrosis and  eloudular enlargement, but
pay cases of nshestosis show ne variation
fuothe appewrance of the hilum shadows,
(iitea there is soime accentuation of the
bronchial shudows, There is frequently
foavd a pectiliar appearance of the boon-
~hial tree in !

ISt

hoth lower Iobes, in thuat it
nreserts a rather laminated appearasce.
neculiar urrangement of the hrone!ial
Sadows is apvarently due to loculized
creos of emnhivsema scattered throughout
oo ower lobes. The microscone tolls us

a0t the besie pathologie change 1. tue

Auyg., 19489

deposit of a proteciive cleplent about the
asbestos nber, rather than a destructiye
process of the lung tssue.  The ashestos
hers appear to be swrouitded by a sub-
stunce uniform in character and having
the appearance of conncetive tssues. It
would appear from a study of the slides
that the fiber is iunocent of producing
any pathologic disturbarice, excepl an
impedance to the air_in this regiou of the
T other words, in ashostosis we
are dealing primarily with an atelectasis
due to the mechanical blocking oif the
alveoli and bronchioles by the protecting
fhers about the asbestos fiber.  This
peculiar diffuse microscopic fibrosis, as-
sociated with atelectasis and microscopic
arcas of emphysema, is the type of change
that produces the so-called “ground-glass”
appearance on the x-ray film.

In the second place, asbestos dust pro-
duces changes in the pleura, the mose con-
stant finding being an accentuation of one
or iore interlobar pleural sepue. The
microscope shows that fibrosis associated
with the ashestos fhers is prone to involve
the pleural covering of the lung.  The
demonstration of pleuritic adhesions o)
hoth lower chests, with obliteration of the
costo-phrenic augles, is w rather constant
Anding in uncomplicated asbestasis.

I the third place, the x-ray shows the
asual signs of emphysema.  This ene
physema, of course, is not pathognomonic
of asbestosis but when wccompanivud by
other x-ray indications, can be considered
of a confirmatory nature
of emphysema is hest demonstrated Ly the

ung.

his evidence

Timited excursior. of both diaphragms and

the inereased radiability of the luag tissue

In the fourth viace, we have noted in
the cases of asbestosis cortain changes in
the contour of the heart shadow which we
feel is somewhat causully related 1o the
process in the lungs.  Other writers have
nut considerable emphasis on the ditatation
of the right auricle and ventricle, as evi-
dence of asbestosis, It is our opinion that
ditatation of the right side of the heort is
scer in a bigher percentage of asbestosis
cases than in other forms of pneunioconio-
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There is a4 theo-
the type ol inter-
the asbesios dust

s, particularly silicosis
retice! possibiiity that
stitial fibrosis scen with

3 osuch as to produce @ mechanicay inter-
ference with the eirewlation in the peri-

siat this embarrass-
circulation results
cphy o dilatation of the

Wveolar capiilaries and
ment i the pulinonars
1 some hvperir

dght side of the hewrt. We have ot ob-
served any. demonstrable dilatation of the
oulmonary artery

There are several noints which are of

miporsance 1n the
Delween

(iferential  dingnosis
asbesrosis other rfomms of
snetanoconiosis, and also between ashesto-
is and other shicdows, due etther to taulty

techris or to vartation ‘n the fung mark-
ags {#om other condilions not mmu:ctcd
with the dust Lazard., Tt would seom un-
MECCSSAry to mention Ji‘.Lﬂt_V plintographic
rechnic. It is our belief that
soneous X-rav dlagnoses of asbestosts have
heen rade on v-vay filhs which were either
ander-exposed or over-exposed. “Uhe phvsi-
cal aealities of the individual shenld also
he taren nto consideration. A woman
with large breasts will yive an x-ray picture
wvnich may have wl! the characreristics of
hanges dae 1o ashestosts. The fact
peing. however, this variation in censity
v due to chest-wall structure, rather than
to changes within the chest Cctvt».

Tiere are cortein points of
in the differential dicynosis of
and < licoss.

1 The incre

anrd

g o
&

dahestosis

ased donsity i asiiestosis

socontimed to tlie Brses: in silicosis it is
wricwarily founs” in the central portion of
otk Tongs and freguentivothe bases are
fhar
) sis is the

The nodulation of asbesto
fine g

anwlar-tynz crecs; in silicosis the
nogulavions are and i the ad-
vanced stages L‘vw_f ecome counglomerate,
pr 'wd\ng areas of apparent cousolidation.
 The pleuri s more likely to bhe in-

Volved in asbestests thin in silicosts. The
same s frue of the bympertrophy of the
righ . side of the hear roashestosias. Tnour

fcary condition is rarely
Tnt

ts particwiar tuddustry

experience this
ef‘n i1 silicosis.
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many er-

csilica and that due to the ashestos

'm.m tance.
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whicl we have studicd, the percentage of
silica, where it was mund in the dust tests,
was less than 30 per cent, and we have
not heen bothered by a combination of

asbestosis and silicosis. It is conceivable

Fig. ©.
showing ashestos bodics.
Mutual Insurance Company )

Photomitcrograph of section of lung
{Courtesy of Liburty

in certain industries, and perhaps 1o the
mining of asbestos, we may have a dust
hazard of ashestosis with a high percentage
of silica. In the advanced cases of pneu

moconiosis due to this double hazard, it
might be fairly r“hx <o determine from the
x-ray the winount of disease due to the
ber,
but in the average case an accurate :uter-
pretation of pnewmoconiosis due to both
asbestos and silica would be a dificult
procedure.

In this series of cases we have found no
case of complicating tuberculosis.  From
our experience we are of the opinion that
ashestosis g not prone to the development

of tuberculosis, and we have had no case
in which there was cevidence of ashestosis
lighting up « pre-existing  tuberculesis.
The differcntial diagnosis between asbes-
tosis and l,w,l'lurcu'l)'is is reasonably easy.
The discascs have little in common, as far
as their x-rav appearance is comncerned.
This is net true in coses of silicosis cour-
plicated by tuberculosis. It is sometimes
difficult tw make a differential diagnosis
between ashostosis and certain conditions
which prodace congestion of the lower

lobes of U ungs or accentuation of the
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hronchial shadows in the lower lobus.
C’nmni: pissive congest i(m associated with
heart leston might wel
of wshestosis. The 1 crential diagnosis
ir »uch an mstance <:mc”(ls considerably
pport the clinical history. Chronic bron-
chitis or hwonchiectagi= might produce @
pleiure <omewhat confusing with asbesto-
sis. but nerther of these conditions usually
skoavs the characteristic “ground-glass’ in-
ercased Consity over the lower lobes.

CONCLIUSIONS

1L T i our opinion that every in-
dustry with an ashestosis hazard must be
4 cnecinl study in dselt AN asbestos min-
i ol z,ufdctmw: cannot he classified
in one wrenn as teorhe dust h’imrd The
A[ silica i the. asbestos dust

Pt

stmulate conditions

must be taken into consideration. The
method of manufacturing, whether it 5
the dry or wet method, is of importance.

(2) We are of the opinion that the dis-
mee, nshestosis, is mot a progressive dis-
case after the individual has been re
moved from the dust hazard.

3y There is no ev idence in our study of
ashestosis for the past ten years that
ashestosis has any  causal relation 1o
tuherculosts '

{4y It is our opinion that the final diag-
nosis of ashestosis must depend mainly on
the x-ray evidence, that there are no
clindeal findings p’lthowwnumm of asbes-
tnsis, and that an amount of asbestos dust
in the lungs, sufficient o produce, symip-
toms, will give visible evidence of tissuc
chunges on the x-ray film.

.
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