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RS IN 1925, at the request of cthe Ediror of
St . the dmerican Fournal of Roentgenalagy
. ﬁ;’} : ~ and Radium Therapy, we reviewed the
Ly N roentgenclegical and pathological aspects
&7 A of pneumoconiosis in 2 paper presented
g‘ & 1. ..  Dbefore the American Roentgen Ray Society
4.3 - %, - . andpublished in the fournal* of that year.
A §‘£ . .. A:more complete presentation of the sub-
LR i3 .. ject was made in 2 monograph* published
2 g,’ﬁ ;o in 192.6 The condition has aroused a sur-
it 7. prising amount of interest throughout the
7 'y, -  civilized world in the short time thac has

A3

elapsed since then, and especially in .nis
. counery. Papers have appearsd in great
- sumbers, further experimental work has
been donme and numerous investigadons
have been carried out, especially here, by
federa!. and state heaith bodies in connec-
~ tdon with many industries. For these rea-
sons it as seemed pertinent to present a
farther and up-todate review of the sub-
Ject to the body of roentgenologists.
increasing incerestin the subjectisa
. - recogunition of the great importance of the
: condition of pneumoconiosis 23 2 more or
~. + less necessary risk of commercial develop-
+ * mert'in the progress of civilizadon during
. recent years. This has led to the enacement
of adequate compensadion laws and regula.
. tions governing the adoption of safery
" measures intended to eradicace or modify
* the essendal dangers of occupadons by
¢ ... many countries, notably the South African
% o~ Union, Australia, New Zealand, Great
"« Britain, Germany and one of the Canadian
.1 . Provinces. In this country we have no
s> federal laws directly applicable to the en-
" 1.7 foreement-of controlling measures or com-
pensat:on In only a few seates is pneumo-
Iconiosis 2 compensable disease. Some stares
e enforet reguladons directed toward pro-
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A REVIEW OF PNEUMOCONIOSIS
« . FURTHER ROENTGENOLOGICAL AND PATHOLOGICAL STUDIES?

N o By HENRY K. PANCOAST, M.D., and EUGENE P, PENDERGRASS, M.D.
. PHILADELARIA, PENNSYLVANIA

quate oversighe, but largely because of the
geographical extent of this counery and the
scattering of the more or less dangercus
dusty industries, there is 2 lack of knowl-
edge of that prevalence and its seriousness,

As the roentgenological examination is
the most accurate and satisfactory method
of detecting the condition from its eariies:
to its most advanced stages and of study-
ing its progress and its incapacitating ei-
fects, it behooves us as roentgenologists to
be familiar with all of the phases of the
disease, and not solely with the roentgeno-
graphic appearances with which ail of us
are more or less familiar. We must play 2
large part in the education and the publie-
ity which are so much needed to overcome
the ignorance still axisring, even on the part
of employers and emplovess. We wil] be
called upon for our part in the program
leading to the enactment of sadsfactory
compensacion laws which are sure to follow
in time. In the meanwhile, avil suits are
increasing in number and we must trais
ourselves in order that we may be able tv
testify, when called upon, honativ and
jusdly for the benefit of all concarned.

[t has been our endeavor in this presen-
tation to avoid as far as possible any repe-
tirions from our previous publicztions, and
references to them will be made oniv when
it may be necessary to berter explain he
newer phases of the subject.

NOMENCLATURE

While it stll seems probable that :iic3
(Si0;) is usually the active fibrosing agent
in the condition which we recogniy: &
essenaally 3 pulmonary fibrosis, adherenc®
to the general term of pneumaconiusis st
seemns advisable just as much now as az che

L RNIENS s%ection of workers. Itisa condition whichis tme of our previous presentations of fh‘
> Sty %.Z‘ ,‘:-3,, ail too prevalent in America wichout ade~ subject. Some ocher dusts undoub
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$86 Henry K. Pancoast and Eugene P. Pendergrass Gervana, 1vy.¢ ’
bestosis is ample rexson for the presenta- over vibrating machines. The heavier rock i3
don of a general résumé of the entire in- particles are separated by gravity and rie A
" dustry, as well s the pathological, dinical asbestos fibers are aspirated out by vacuuia E5Y
and roentgenclogical aspects of the ccmdl- fans into special chambers. The crude .- i
don. bestos is then shipped to the various frc- %-
The duse evolved at the asbestos mines tories. All of these procedures are carrisd  §3o
- contains a moderate amount of silica. The out at the mine bases because of the econ-
harmful products of the asbestos factories omy in shipment of the lesser bulk of the P
are almost entirely silicates. Heffernan‘ be-  crude asbestos. M-
lieves that silicates such as asbestos under-  The mining part of the industry is ac- %
go changes in the lungs quite like silica, tended by the elimination of a large quane. &%
only slower, and that asbestosis is 2 true ity of duse, which contains silica 2s well as "
silicosis. This is, of course, not proved. silicates. Pneumoconiosis is found among pie
The product was mined and the asbestos the workers. Very lictle has been written ;
fibers were separated from the mineral and  about the condition of these men. Recently %
employed in the making of indestructable we have had the opportunity of examining X%
fabrics several centuries B.c. Attendon is the roentgenograms of 58 men from oneof  F&.
called by Cooke!? to a cremadon cloth de- the Canadian mines, some of which showed &%
scribed by Herodotus 450 8.c. Materials pneumoconiosis. As the mineral rock con- 3 <

made of it have been used ever since then,
but the most rapid development of the
commercial industry has been during the
past two or three decades.

Nature. Asbestos is a peculiar fibrous and
" crystalline mineral composed almost en-
urdy of silicates, mamly of hydrate mag-
aesium silicate, with varying admixtures of
_ those of aluminum and iron. The general
term is applied to all silicate minerals
" which have 2 fine fibrous structure that can
. be split up into long, flexible fibers for the
purposes of spinning and weaving. The
fibers will split up in a longitudinal direc-
tdon almost mdgﬁmtdy The minerals differ
“in their exact constituency, especially as
to the amount of iron and aluminum, in

. and mined. Much of the asbestos used in

" ‘Great Britain and the United States is
.z mined in Canada. Cookei” gives the follow-
: .* ing chemical composition of asbestos:

- per cent
., Sifia..... et e .87
-7 SN 41.50
@ lroncxide...................... +.8s
Voo Alnmipum. ... 0.7
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tains as high as 60 per ceat silica, the mine
worker’s condition is due largely to this
directly, although probably not entirely.
The raw product which goes to the facrories
contains very little free silica.

The most dusty occupations in the indus-
try are to be found in the factories, in
which the wark is done in inclosures where
the asbestos is refined and is finally spun
and woven into the various marerials with
which we are familiar. During all of che
factory processes, 2 large quantity o of fine
duse is set free, but in varying amounts in
the differeat ones. Most factories, at least
in Great Britain, have devices for removing
much of the duse.

Early Case Reports. 'The first report of 2
death resulting from asbestos dust inhala-
don was ptesented by Murray,® in 19¢9
The man worked in a factory for ten vears
mostly as 2 carder, and was the soie Jur-
vivor, before his death, of 10 other mz. whe

started work with him. The autopsy 08
this case revealed pulmonary fbrusis.
Photomicrographs of sections of the ius®
showed large spicules of asbestos, at Jeast
they were so regarded at thae dme.

The second case reported in medical
literature was presenred by Cooke,™ in
1924. It was again reported by him in Je-

tail in 1927, This individual stopped his
n :i ;x‘v - .4.-«-4—0_1{:; —‘-.n
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work in 2 factory after eighteen years of
incermitteat occupation. The cause of
death was probably asbestosis and super-
imposed tuberculosis. We referred to this
case in our previous coatribudon,® in 1926,
18 largely a tuberculous one, especially as
it was the first available autopsy report in
the literature. In view of the many deaths
which have been reported since then, we
musc now concede that this death was
probably the result of both conditions.
Naturally, Cooke was the ﬁx"s:.to describe
the un and characteristic asbestos
bodies in the lungs, and the authoritative
description of them was made in his second
report of this case in 1927. These bodies will
be described in detail later on.
The second paper and third public re-
port was presented by Oliver,* in 1927. He
ed the cases of two women who had
died as 2 result of asbestosis after working
thircy and eighteen years respecrvely.
Neither individual had evidence of tuber-
culosis. [tis interesting to note that the sec-

1 R Tt~ T o
slight fibrosis in addicion tothe evideaess - A TR
of the tuberculasis. The second case worked ™ * % 477
two years in the mill and died: The phisi - feE
cal signs suggested tuberculosis with fibrot . A0NE Ry
sis. Autopsy showed 2 moderate degreeof . -. . R
fibrosis with nodules, but quite ‘cellular, [ =23 -
and not like the usual silicotic noduless- " -
There was no evidence of tuberculosis. The "V 3
various asbestos bodies were found in both” . *7:
cases. These cases are of interese, firse, be-"% -
cause both presented definite evidences.of ,.. . 1% ¢
asbestosis after one and two years’ I
respectively, and also -the various bodies. - -~ -3
characteristic of the disease, and, secondly, * 71" -
for the reason that the second case pre. "< .50 "
sented the terminal symptoms and died of ;¥ 1"
the condition after only rwo years’ occupa- -~ ;¢
fon. AT Lol
Wood and Page,™* in 1929, reporred. oy t.l
autopsy findings in the cxse of 2 woman™ .~ .-,
who died of bronchopreumonia after nine « - “. %
years’ work in a factory. There were ao :
evidencss of tuberculosis. The lungs showed
diffuse fibrosis and thickened pleura. Nu-

{ ond of these cases stopped work after merous asbestos bodies were found in: the.: - -
Sd.. sighteen years’ occupation, and did not de- lungs, but not elsewhere in the body: Woad : . ;3
é}‘-e’ velop definite symptoms undl four years and Gloyne,*? in 1930, reported the autop: .,
gy - later. ~ sied cases up to four. Tuberculdsis was'
T - The next report was by McDonald,** in  found in three of these cases, and intwo, -
z:" 1927. He referred more fully to Cooke’s bacilli had been found in the spurum before ™ : F .
Suir case, and reported an additional one which death. Haddow,* in 1929, reported on the '
s died. He thought it reasonable to believe deaths of Oliver's two cases, on two . . % o«
W that in the former one the tuberculosis was  others. He staced that the certificase of the . 7
oY a superadded infection. His own case did last one, March, 1928, brought about the .~
& not have tuberculosis. In addidon to the publicity and official recognidon of the
<z two rypes of asbestos bodies first described condidion. Since then, the workmen’s com- ~ - .
;ﬁ; by Cooke, he added 2 third, all three of pensadon act of Greae Britain has beenex- ¥ 1+
i which are now recognized. tended to include asbestosis.® Haddow - °

states that one of Oliver’s patients had

tubercle bacilli in the sputum.
Simsoni® quotes Hoffman*s as

13 deachs in 1918 and Collis,* § deaths in

Seiler, 1t in 1928, reported another case
who had worked twenty.two years in vari-
ous capacities in asbestos factories, and
preserred the typical symptoms of the ad-

vy var-::i ase. No tubercle bacilli were found  1910. These were in health reports, and will - | RS
= in i :putum. The roentgenographic ap- be referred to again under predisposition to s
&2 pear: :ces seemed not to have been unusual.  tubercuiosis. | s
*, Siran,'® in 1928, reported two deaths  \ereweather and Price,™ in their recent - lags
‘o - amsr-. ashestos mill workers in South comprehensive report on the asbestos in- . '.,,f,,';
iy Ammca, with autopsy findings. The first dustry state that approximacely 2,200 in- -~ Ry
& man w~arked only one vear and died of dividuals are exposed to pracscally pure proty
5“5. - miliam- tuberculosis. The lungs showed asbestos dust in the factories of Grear ) e
: ' il
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Britain. These authors examined 363 in-
dividuals among the workers. Of this num-
ber, 230 had been empioyed less than ten
years, and only 21 over twenty years. All

- g,
L3 26

T

- of these deaths occurred from 1927 to 192g.
‘I'heexposnreofthe 10 cases varied from
nine to twenty-four years.

At the tme of this wridng, Lynch and
Smich¢? (1930) are among the latest exten.
sive contributors to the subject, and their

" . ' report has been the first one in this coun-
try, at least in medical literature, to deal
speaﬁul.lv with the subject. One of their
. Gases, a negro, died as a result of a gunshot
.injury after working twenty-eight months
s, in'a mill during a period of three years. His

- lungs showed definite inzeriobular, peri-

- wascular and peribronchial fibrosis, and
> .. also the various asbescos bodies. The sec-
£y, .ond case, 2lso 2 negro, died of lobar pneu-
X 3_~monw after four and a haif years of con-
.t z-é!nnousworkmzmxn,Hislungs showed

\" everywhere 2 definite increase of young
pe N .ﬁbtous,tmue, in addidon to the various as.
'j ~“" -bestos. bodies. Reference will be made to
¥’ othemcases examined by these authors in
tﬁe.ﬁqgnpnon of asbestos bodies. It is in-

s

of but one of the 363 individuais had been
xﬁ ' working at the time of the examinations.
ri . Ninety-five, or 26.2 per cent, showed defi-
T T nite evidences of fibrosis, due apparsndy to
% ol asbestos dust solely. Their table of the time
- incdence of the condidon is of interest:
S Y Yearsae | Cases | Showing
i3 v Wark | Examined | Fibrosis | Per Cent
po W g o™ 4 39 S S
I s© 9 141 36 35§
T3] s Ll 10w Il4 34 17 32.1
vl 13 - .. " Istelg £ 1s 53.6
e &1.:' 4 20 and over b3 17 3s.9
54 23 ", This table does not apply to any one group
iy -2 .~ of workers in the factories. The authors
A a3 3 . have collected also, outside of these sm-
'-',,:;‘E" -5 tsdcal cases, records of 10 deaths resuiting
s ‘., . from asbestosis, g of which were verified by
v A e ®. . - autopsy and the tenth by repeated clinical
z e " and roentgenographic examinadons. Nine

...~7

«b Ky 4
R
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~
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~only 0.1 per cent, whereas in the dusz of the

teresting to compare the findings in ti:ase
cases and those of Simson with the clinial
table of Merewether and Price. It is yuice
possible that protective measures pii.: «d
an important part in the incidence ot the
condidon, as shown in the report of the
lase named auchors.

Appearance of dsbestos Dust. Cookei’s
has described the microscopic appearance
of the components of asbestos dust in some-
what the following manner:

(1) Smail fragments of asbestos fiber.
The bulk of the fiber is transiucenc zad
glistening, with here and there within it
opaque particles and minute black gran-
ules. These appear to be actually parts of
the fiber, but their appearance suggests dif-
ferent chemical composition and physical
characteristics.

(2) Translucent spicules spliz off from the

)
raCAL

(3) Black, brown and biue pardculate  ZRX
matter. The black particles are iron. They f‘:‘;
are few in the ﬁmshed asbestos product but i&;_
are numerous in the duss of the carding ¥

rooms. The iron in the finished product was

rooms it was 18.4 per cefit.
Asbestos Bodies. This is, perhaps, the most
interesting feature of pulmonary asbesto-
sis. The various bodies found in the lungs
of asbestos workers have been described in

B bt f-t’!- A

o

detail by Aumerous authors, nocably by 33 2
Cooke,#+713 McDonald,® Simson, s Glevne,™ iy
Merewether and Price® and Lynch and R

.

Smith.*” The description given by Conke®
of the various asbeszos bodies is as compre-

‘W‘ .
1 A, ;‘.

hensive as that of any other author and 18 AT
abstracted as follows: s
(1) Enormous amounts of fine granular "~ (¥¢" =
pigment like that seen in the asbestos dus¢ A
fiber. Much of this may be carbonacevus. ,‘_‘»'4‘-';55
2) Large or rnoderate sized angular par- - -Es
ticles, 10 to 360 microns in size, correspond- Rt

ing to the black, brown and blue particulat®
matter found in the dusc. These pmd"
are found in fibrous and necrodc are%
singly or in clumps. Because of cheir siz%
they might occlude smail bronchi.

L,) Almost complete absence of the verY -

124 {7,

re S
{
NS

i'
teyt




- . e - ; F e i - .
w2, - y e S A W 3 - > o
Tl S AT N S S, . N s e R WA LN
E':»:-Wa;,ev A e s e RS S S A T RN s )
R R N N N e b S Ly J/“‘rf'm:"x;;.';,, o AL é‘:.;‘}c,‘?“ e Y7 e
N7 o T g a T -t S »5.".‘-‘2‘1:"”'3';14'-}~ [R5 I GRS St SR S YNE L 0 R 2 S GaCRE T 3

r.\' o .., .

%
cb\“
,%-Jf.‘
wm
. mte
¥
) -
'

:
ST 2

LT

592

—
t

-

of course, 2s &t any fairly well advanced
.« case of pnezma=miosis. The most unusual
- - . feamure of the ordition seemed to us to be
" the facz that » both sets of roentgeno-
. grams the apzezrince seemed to begin
- <. more often on she /eft side than the right
‘¥ ; and progresset more on that side. This is

gl

L7 Ao i
) -d . " ’
- - ?

et

,§4_ i the reverse of vitar is the rule in all other
3% , .Y .2 '~ occupations weaxve studied. Merewether™
"‘.g * .states chact it bagins on the right side, as

3 w7 .+ one would expees, 2nd the cases we ob-

AJ“‘P'
il

: *: .. served may hare been examples of the ex-
_.. . cepdons whichare occasionally observed in
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\p# < *_"".Fla. g. Preumaconosis io an ssbestos worker. Male,
2 and 2 sgDermtenigr= 1t the tme of examinagon.,
... There are two medominant types of fibrosis in
| dhis case——perivasiias-peribronchizi-lymph node

— Dy

i s > ™} and fairiy adwams=Z meerseitial The lateer is indie
cr gy %t cared by the gemex. haze toward the bases, and
R A .more o, the “=fesd=. Note the partial-oblizeradon

Taidn o o - of-tae ieft hears berder. The size of the cardiac
{ weacir 1o gehadow i3 due weie old technique of many yeans
L 23Sy, 8% Disphragm smursion § nch each side, ordi
. ,.ﬁygzwwzim&w foreed respiradion.
&": ,'. ..?J‘- .:.;';1':'9 .
=S it ,zﬁ}t}'::dx.scrul F=cmoconiosis. We noted
SR 2is T 23% the same tefidmer o obiiteration of the

L3 Oy clefy &rdiac borier 25 mendoned by Wood,
J3 T e bécnuse of the SSuse fibrosis and the

3 Yrominest curic shadows. Wood states

<
U T4

‘ phe s 5 .
T G e Ty I3
e e L T R that+ne-late smg= may or may not show
- 3 Py TR A St
: AN P "-::-;‘;'*eiﬁ“ nsoiidarians. wood and Gloynes® stace
- 3 1o, et L . o . . - hid -
e 3 ,‘;W%;%,:ht‘t:he groass Fast appearance in late
-3 A R e -
e - {j’ ‘f’:&}.’“ .';“0" - .
SRR
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Ocrency ., I
cases on careful analvsis resolves itself -~
a fine mottling and linear shadows wi ':h,
toward the base, may look like cobwetis..

It is evident that the nature of these
changes in the lungs requires the bt
type of roentgenograms for their poreras al.
Also, the seriousness of what may seem tg
be minor changes to the uninitiated re.
qQuires 2 roentgenoscopic study of diaphrag-
matic movements to make one reaiize the
actual state of disability present. It is evi-
dent also, as Merewether states,™ that an
apinion as to the degree and intensity of an
asbestosis fibrosis based upon 2 comparison
of roentgenographic changes with those
shown in standard silicosis tilms will be an
underestimate.

Of the 363 cases examined by Mere.
wether and Price, 133 had roentgeno-
graphic studies. Of these, 52 were said w0
have presented appearances of diffuse
fibrosis and 22 were suspicious.

We have had the opportunicy recentdy of
examining in consultation the roenrgeno-
grams of 3 men empioyed at the mines in
many occupations and during periods vary-
ing from eight months to forty years. Of
this number, 15 showed defigite evidence
of pneumoconiosis, one was doubeful and
42 showed no lung changes. The longest
worker showed a moderate nodular scage
of the conditon. The shortest times in
which definite changes were indicared were -
four years for one first stage case, five
years. for another and five vears for one
early second or nodular stage case. The
worst case showed 2 diffuse third sowe

‘ fibrosis after thirty-one years’ occuparion-

Asbestos mine dust is not comparuble
to that of the factories for many rea:ons.’
Some silica is present, bug there is ni:- the

great concencration of asbestos dust in he s
mine as compared to the factory. Frum vuf o
own experience so far, we would not rex b 5%
the hazard at the mine as very great. n & .,

Prognasis. It seems to be the racher o
general opinion that the prognosis n pul- N a5
thonary asbestosis among factory workers It 7
13 to be regarded as grave withour adequat® "1 ey
'p;x-otéc:ion, in a large number ot cas®3 @ i 7
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' .- pemmung those who work where there is greac. the question

.

3

" Joncentradon of dust. The condidon isi3yet. - . PCREIE T: DU S
; . SagP! SRRt WP S Y Lo
Zapparently progressive even after cessadonis  C. sation Laws, Legislation mimany 7 R
of occupation. Merewether and Price state;§ countries and states. provides for- come-? S
ichar with continued exposure to high con<"i peasation for silicosis, which is a condidon - ¥ 3% 3
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“par~cd degree of fibrosis in a shorter time . asbestosis has had to be made a compensa- s

veloped in from seven to nine years and:.iand if we are to regard asbestosis 23 2 g
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has been finally sertied as
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‘centracion dust fibrosis may be fully de<iiproduced by silica. Asbestos-is 2 silicaes,,” - 33

Yeath may result in about thirteen years:'fsilicosis, as has been suggested butinor -
Wich less concentradon, fibrosis may not be.- spgoved,' the latter coaditon is onlx‘ ine ¥
developed for fiftten, twenty ory:directly caused by the asbestos. Certainly v.7 .
Jiwency-five vears. Inhaladon of dust ine: ‘the legal status of asbestosis as silicosishas.* ¥

‘high concentradon results in a more® not been established. In some instances -
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$ ;- -fisposition to Tuberculosis. The con-  Hazp
dition of pulmonary asbestosis being 2 new
chiia in the pneumoconiosis family, a great
amount of interest centers around thein-
cdence of tuberculosis. Among the early
case reports referred to in the beginning
of this occupadional section, pulmonary
wberculosis was reported as an accome
panying conditdop in a few instances.
Cooke's case had advanced tuberculosis.
Simson reported one case which died wich
wberculosis and one without evidences of
the infection, He thought that we could
not as vet formulate any definite opinion
as to the frequency or the predisposition.
Simson quoted Hoffman*® as reportng 13
deaths among asbestos workers, 3 of whom
had tuberculosis. He also quoted Collisx
as reporting § deaths from tuberculosis
among less than 40 workers at a facrory.
Wood and Gloyne* referred to 3 cases
showing evidences of tuberculosis at au-
topsy. Haddow observed many asbestosis
cases and among them 4 died. He did not
believe that the condition predisposed to
the infection, at least nat as 2 rule. Mere.
wether and Price stated that asbestosis
differs from silicnsis in the distribution of

- the fibrnus tissue, in more rapid develop-

menz, in roentygenographic features and
possilly in a lessened susceptibility to tuber-
ai» i;. \lepewethes? states that out of
37- <ases examined, evidence of active
wi s dosis was found in three. He chinks
the chile there is no cutstanding sus-
¢t ity proved, he does not agree that

liceous nature. The large amount of dust

evolved in the various processes of mining-

is always dangerous unless adequate pro- = -
tective measures are adopted. The driilers ;.. -

Rocx Miniwe. This group of -~ - ;7
workers comprises the largest engaged-in’ e '
any single hazardous industry through- « 7% 54
out the worid, provided the rock is of a.gia -*+ | 3 7 Bgaiy
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and those working with them or near them .

are prone to be the most exposed. If the
it remaing °

fine dust is allowed to escape,
suspended in the air for hours. Blasting als
ways sars it up. Without protection, the
usual typical symptom—<omplex and the

roentgenographic appearances develop ear- . -
ly and progress rapidly, and the workers -

are predispesed to tuberculosis. More has

been written upon the hazards of this in-
dustry than thase of any ocher. Numerous
writers have been extensively quoted eise-

where, Many more or less similar indus. -

tries and their hazards have been deseribed -

in detail, such as the drilliag in coal mines; .

granite cutting and sandstone quarrying.

The most detailed descripdons of hard

rock mining have emanated from Scuth
Africa through individuals associated ia
medical work or other ways with the Rand
gold mines. These mines are so often re-
terred to in the literacure that a short ab-
stract of the description of the region and
of the character of the rock may be of in-
terest. Cluver'® states that the firse gold
mining in South Africa scarrzed in the
Transvaal in the 70's, and the firsz gold
was taken from the Witwatersrand in 1883,




