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“ PHE word pm-nml~umimi~:" s of 
Greek origin, and implies a condition 

2 the lenes arising from the inhalation of 
seessive quantities of duost. The fact 
t2at damage to the lungs may be \\u»nght 
'55‘ the inha! ition of cent in dusts has been 
recornized for many centuries, but the 
eract tvpe of dust or dusts responsible 
for the pulmonary changes and the nature 
“' the pathologic al processes induced are 
o comparatively recent knowledge. Sys- 
"Ematic roentpen-iy studies, painstaking 
authological investigations following antop- 
wes and abundant animal experimenta- 
i througbout the world durinig the 
xst ten or twelve years have led to a 
vy exact understanding ol this most 
wteresting condition. 

America is fa Liehind many other 
emntrice in the methodical study of 
Mtu‘nm...m.. is and the practice ol pie- 
reative mesures, Comparats vly few sys- 
tematic e 
vt In g, one of us, conpunetion 
‘"}‘ Miller el T ameis, instituted chinieal 
& soenteenologneal inyestigations of 1the 
anee ol worbers inoa large 
oty ndustries, and ow preliminary 
::;’d“"i I“.“ I}Hl!rl!"h'll in 1918, These 

v e heen carvied on inte rmittently 
*Rea Pwonty dath A ) Ve AR E | 

tieations have bheon \\Ililil 

number of 

PENDERGRASS, M.D. 

v, University of Pennsylvania 

, PENISYIVANIA 

ever sincer The United States Public 
HealthServiceand the Burcauof faeshave 
been carrying out a routine studly of dusty 
accupations, especizlly mining, for cven 
a longer period. Their first report including 
roentgen-ray observations was made by 
Lanza and Childs? in 1917, Jarvis and 
his coworkers®=!* have contribuied much 
valuable data from their studies of the 
eranite cutters of Barre, Vermont. The 
l:\pt'lill)t‘l\l.‘ll work of Gardner,* Per. 
mar® and others has added m ich 1o our 
knowledge of the p:nlmln',;'u‘:ll processes 
imvolved in pneumoconiosis. We can be 
justly proud of Miller*® 2 for the won- 
derfully clear knowledge he has imparted 
1o us of long histology, and p:vrliclfl:u'ly 
of the lymphatic system, upon which to 
base our conception of pulmonary path- 
ology. Notwithstanding all tlese and 
many other American contributions, the 
amonnt of work accomplished in thestudy 
ol preamoconioss in this countiy cannot 
compene with theestent to which the condi- 
tion has been studied abroad, especially 

i
)
 

in South Alrica, Anstralin and Great 
Britain, Naturally, in the latter country, 
especially, the concentration of dusty 
industries has been a definite aid 1o all 
obsersations. In those conntrics not only 
gt RAY RACh v, Wasinun D € Supet, o0 25 101 
LTI 
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have the intensely interesting phases of 
the subject ctimulated investigation, but 
also the preservation of the health of the 
workers ll\;u demanded @ thorough under- 
standing of the condition and the adoption 
of adequate protective measures, In 
South Africa and Australia, particularly, 
the gn\vl‘llnu’nt\ have been forced to 
take n hand in the control of the dust 
hazards through medical COMMISSIONS. 
Probably the seographical extent of the 
United States and the scattering of dusty 
industrics have been in a Jarge measure 
responsible for the lack of more concen- 
tated clfort in investigation and the 
difliculty of control. 

NOMENCLATURE 

If one's knowledue of the subject were 
derived entirely from the literature he 
would be casily led to the conclusion that 
of all dusts silica alone is the one responsi- 
ble for serious pulmonary changes. 
great part of the literature on the subject 
has emanated from Great Britain, South 
Africa and Australia where o large amount 
of hard rock mining is done and the damage 
to the workers' lungs has been, beyond 
doubt, due entirely to <ilica. In those coun- 
tries the condition is almost universally 
spoken of as “silicosisTM rather than “pneu-- 
moconiosis.” Tt is probably true that all 
serious damage is due to silica. Were it 
true that silica is the only dust eapable of 
producing lung fibrosis it would scem 
proper to drop the nonspecific word 
“'\'H'llllll!\"llli')\i\” from our nomenclature, 
and also the more specilic subsidiary 
terms anthracosis, siderosis, chalicosis, 
(pottery dust), cte. Indeed, it was our own 
convietion at one time that silicosis was 
the only term that should b used to desig- 
nate the condition of pulmonary dust 
fibrosis, but the more experience one cains 
in roentgenol N i eatigtions ol various 
dusty industrics, the more he is inclined 
to retain and employ poCHIOCOniosis 
as a peneral deseriptive term and silicosis 
and possibly the others to desigmate the 
condition avising from special industiies, 
Anthracosis, siderosis and ¢h icosis imply 
occupation only, as the active agent in 
all of them s silica. In coal mining the 
condition (anthracosis) is somew hat dilter- 

ent in that silica is the active tiby : 
agent and the coal dust s relatively harse 
less or produces quite (lifl'cu-nt'ed"n_" 
The term “miners’ phthisisTM has h;'i 
used in South Africa and elsewnere : 
is said to have dated from the time wheg 
little or no distinction was drawn betwees 2 
pncunuwuninsis- and tuberculosis. In Sgrj-r 
Africa the term legally implies silicoste®: 

ROENTGEN-RAY DIAGNOSIS 

It is generally conceded that the roeate. 
genologic examination i1s the casiest and 3 
most reliable method of studying the effecy, 
of dust inhalation in the living subject, 2ad 
yet our knowledge of pneumoconiosis from s 
this point of view is comparatively recest ¥ 
The literature is already replete - with '3 
articles on this phase of the suhign.“g’i_ 
although most of the writers have mereds - 
outlined roentgencgraphic appearances Y 
reneral, reported a few isolated cases & 
im\'c dealt extensively with appearanees .. 
noted in workers in’ a single industry.. 
Purdy,” of Australia, in 1922 coll 
103 separate contributions to the subject. 
of pnenmoconiosis. 4 

The first important contribution on te 
roentgenologic aspect of the condition B 
this country was made by Lanza ams 
Childs® in 1917, and the roentgenograplc, 
classification they instituted has 0 
penerally followed here. In the sume 
vear, Boardman' published a review of + 
the literature to date. The most compfes 
hensive American raentgenologic st 
bearing on a single industry have be 
made by Jarvis.?!! Probably the earliess 
collective roentgenologic studies on a large 
seale were made by the South Afne 
Miners' Phthisis Commission, and taex 
published report in 1916 on inyestizationss: 
of the Rand MinersTM still stards as 875 
classic on the subject of |mnunm‘0m“”h' 
from the standpoint of etiology, |r.vl|{"|‘7¥?t s 
\.\ll||)lnu|;|lu‘n};\ ;m(l lucnll,‘cnnlnglc !d’,: 
tires. Anvone interested in the su 
should not fail 1o read this most cnlighte 7 
ing report. ) : 

While there is a great sim 
"‘\'"l:' ‘||“;’|§|'lhi(' .'Il)l\l.': angesd 1 
of individuals exposed to any of th 
ful dusts which contain high ]N'licnms"f,. 
of silica, and one who studlies the wor o 
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;m‘ccl 1o silica inhalation in a single 
fijusu\‘ is not apt to become biased in 
Bis opinions, exeept possibly in minor 
details, such an observer continuonsly 
slong one hine has exceptional opportunt- 
ties olfered for studying his cases more 
mumately. Uc can watch the slow progress 
of the condition and observe retrogressions 
@ the abnormal appearances during 

diods of intermission from work and heir 
feappearances on resumption i ocenpa- 
gon. Jarvis has added more than any 
other American obserser in this way, and 
by means of serial roentgenography, to 
our knowledge of the changes in the lungs 
ever a considerable period of time. Our 
cllective knowledae of the subject must 
depend upon the work of many such 
obseryers i single industries. 

Roentuzenologic interpretations of any 
morbid process in the lungs must be based 
wpon a thorough knowledgze of the anatomy 
and histology of the lungs and the path- 
ological processes peculiar to the infecting 
or ctiological agent. One must acquire 
the habit of thinking in terms of pathology 
and rendering deductions upon a patho- 
baical basis because he is interpreting 
the shadows of discase processes. Lung 
nistology has been most clearly demon- 
strated by Miller,”** and every roent- 
genologist should be thoroughly familiar 
with his graphic and concise descriptions, 
There is <till much diversity of opinion 
in rq‘:ml to the many p;nhnlu;;ic:vl details 
of pneumaconiosis and it has seemed 
wise to review the investigations and con- 

selusions of various wiiters before further 
oonsideration ol the roentgenologic aspect 
of the condition. 
! DUSIES 

While all dusts when inhaled in excessive 
quantities may be harmful, only a few 
can l!(' ll';!;lllh'(l as "J"’,‘(“Hl‘- Ilunl l'l\' 

sstandpoint of their dangerous properties 
hex may he divided into three gencral 

V'Eruup‘.: (1) Those which are dangerous 
Auce ul’ l|1.|| poisonous ,uliun, s || |||, 

erenic, mercwry, oteg (20 those which 
Cavee only qrritation o the respiratory 
tact, resulting in such conditions as 
Chironic bhronchitis o asthmag and (3) 
those which tend 1o produce pulmonary 
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¢ of Pucumoconiosis 

fibrosis, and may thereby predispose to 
respiratory infections, espee ally tubercu- 
losts and pncumonia. It is with the last 
group only, and with silica especially that 
we are mainly concerned in the study of 
preumoconiosis. The most important path- 
ological observations have been made in 
connection with the effects of free silica, 
Si0., in a finely divided state. Silicates 
are comparatively innecuous, Probably 
several other dusts besides free silica 
produce fibrosis, but no others do so to 
anything like the extent that silica does. 
Purdy "' in a recent review of 103 contribu- 
tions on the subject of silicosis found it 
to be the consensus of opinion that while 
most dusts mayv have some injurious 
effects, silica is the most dangerous of all. 
Landis' states that any inorganic dust 
may cause lung trouble, varying in degree 
from that produced by almost pure silica 
to that of the relatively innocuous cement 
dust. 

It is probable that only by continued 
roentgen-ray investigations can we reach 
any definite conclusions as to the rclative 
effects of inorganic dusts other than silica. 
Very little convincing animal experimen- 
tation has been done with other dusts 
than silica. Other dusts can produce 
fibrosis in man only after a period of many 
years, and certainly the observations on 
animals over a few months will not <how 
changes comparable to those which require 
twenty to forty years in the human. 

The important factors in the production 
of lung tibrosis are: (1) The time at work 
or exposure to the dust; (2) the quantity 
of dust present; (3) the quality of dust 
with special reference to silica, and () 
the size of the particles, It was formerly 
helieved that sharp points and edges were 
the dangerous factors in a dust but it is 
now known that this is not the case. 
Sharp lminlul or edped |):n||ic'-~‘ may 
he ilril:llin;: o the respivatory Passagies, 
but wpon this basis alone they play no 
part in lung fibrosis, 

A considerable percentage of dust par- 
ticles are too |.-n;'_r to be taken up into the 
lungs, and are either expectorated, swal- 
lowed or possibly dissolved. Watt, Irvine, 
Johnson and StevartTM state that over 03 
per cent of mine dusts floating in the air 
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ae less than 12 microns in diameter. 
They quote McCrae? who demonstrated 
that most. of the particles found in the 
ash of silicotic lungs were less than one 
micron, and very few were found micro- 
scopically to be over 8.5 microns. MoirTM 
is quoted as determining that g3 per cent 
of the particles extracted by acid digestion 
from silicotic lungs were less than 2.5 
microns., MiddletonTM calls attention to 
the fact that silica dust in the lungs can 
be seen only by polarized light under the 
microscope. He also reminds us that the 
naked eye appearance of a very dusty 
atmosphere 15 no criterion as to the 
damage-producing properties of the dust 
without a knowledge of the size of the 
particles. Because of the small size of 
the dangerous particles he does not believe 
that respirators could stop all of them, 
and il made to exclude all fine dust they 
would embarrass respiration. 

Large percentages of free silica are 
encountered in the dusts developed in 
hard rock mining, especially in gold, 
capper, zine, lead, silver, nickel and cobalt 
mines. Anthracite coal mining is more 
likely to produce pneumoconiosis than 
bituminous mining. In mines the dust 
is confined and settles if not removed by 
ventilation, and accumulates for long 
periods of time. In hard rock mining the 
most dangerous occupation is usually that 
of the driller. Watt, Irvine, Johnson and 
SteuartTM state that of all the workers in 
South African mines rock drillers are the 
most aflected. Investigations made in 
1911 showed that of all such men who had 
worked four and one-halt vears, over 50 
per cent were found to be affected to 
some degree clinically, whereas of all 
other workers for the same p(-lind unl_\ 
209 per cent were aftected, Alter eight and 
one-holf vears, =5 per cent of drillers and 
30 per cent of all others were aflected. 
After hiteen vears the proportions were 
1o and 50 per cent respectively. In South 
Africa dry drilling is satd to be prohibited 
by law. Our own experiences in interpret- 
ing for the United States Burean of Mines 
the roentgenograms of chests of workers 
inmines 1h|nuy_|uu|l l|u' country 'LI\\‘ made 
it |)u~~.ih|(' for us usually to ph L out those 
of deillers or driller’s helpers provided we 

know the length of time of employ; 
of the individuals. Blasting and’ crushg 
also produce large quantities ol tine d-:f to w Lirh many kinds of workers "‘-“'.h 
exposed, . 

(l;v.nli!v ('ullin;:. for which a Pleumatie % 
tool is used, is a very dusty occupation - and the dust contains a Ini-,:h‘pvrccn?:::n' . 
free silica. Many other occupations -asg - 
more or less hazardous because of the' 
prevalence of a high percentage of free TM" 
silica in the dust developed in the industry, 
such as potters, sand paper makers, md. 
grinders, metal polishers and grind 
brick makers, especially fircbrick, and * 
occupations in - which sand blasts are " 
used.* Indnviduals living in sandy locak - 
ities. where dust storms are prevaless 
frequently show fibrotic lung changes. . 
We have noticed this in some farmers, 
and Steuart’TM speaks of transport ridem . mail train attendants and farmers o i 
South Africa showing evidences of 
pReumnconiosis. . 

Not all bard rock mining and quarnving ~ % 
is dangerous. Workers in pure limestone : 
or marble may acquire pneumoconiosis, . 
but it never reaches the advanced staze 
found in the workers in silica rocks, 
MavrogordatoTM states that in one ha 
rock quarry in South Afvica no free sific 
was found in the rock and no cases of 
delinite silicotic fibrosis were found among 
the workers. In animal ('\pvmnrnmfim 
with the dust from this quarry the dust ; 
cells were found to retain the particles for 
a long time. There was not so mu 
tendeney for Tymph block, and white . 
fibrotic changes did occur cventuailyy 
they were very mild as compared with those 
produced by silica. Similar observatioes 
have been made in many other localiues, . - 
and it s probable that the changes are . 
simitlar to those observed i the majonty 
ol our coal miners. 
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PIREVENTIVE MEASLRES 

It has been the experience of those 
who have investigated the causes of silico 
sis, and especially in South Africa \Ul’;" 
tralia and England, that much of the 

COur attentem v by 
v the ot 
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sarious damaze to ‘thr lun;:s‘.c.‘m be pre- 
Crented. Imvostizations leading to the 

tection of \\:»[Lvr} in the countrics 
tfmi"""‘l were lll'\lll.llll‘(l many - years 

< goon Rerr”? states that in 1902 the Sewajre 
“ Works Ventilation Board investigated .l‘hc 

“anrkers in sandstone tunnels around Sid- 
ey, Australia, w here the l!ll'\l contained 
& to 03 por cent of free \I'I('.‘I.' In 1904, 
the Roval Commission on Ventilation 
‘nd Sanitation of Mines in Western Aus- 
nalia advocated large exhaust fans, Most 
of the investizations at the times men- 
oned were instituted bhecouse of the pre- 

*yalence ¢f tuberculosis among the workers. 
Rerrt! refers to the investizations in 
Australia of Stmmons, who found that 
gx times niore deaths occurred from tuber- 
alosis among the Blendigo miners than 

zamong the other population. Many other 
samitar boards have followed in the work 
“of prevention, notably the Miners' Phthi- 

as Prevention Committee of South 
Africa.TM Steuart” states that this Bureau 

cwas established at Johannesburg under 
government auspices in 1916, and was 
eomposedd of a chairman, nine full time 

fmedical oflicers and a roentgenographer 
“iSteunrt). They examine all applicants 
for mine work in scheduled mines, and all 

“the miners every six months, and also 
callapplicants for compensation. Independ- 
tent clinical and roentgenalogical examina- 

cstions are made and then submitted 1o 
«:the Board. 
¥ Precautionary measures are of two 
Speneral types, those dircceted against the 
“production of pneumoconiosis and toward 

the prevention of tuberculosis in the work- 
ers who have developed ady anced silicosis. 
Dry drilling is the fira danger and prob- 
a |.\' the most tmportant one, .I||l|. as 
Pfc\illll\-!\ stated, this s prohibited by 

ARwoan Sooth Afvca,TM at least, Blasting 
'~Rl(‘.‘|\(~- CHOarmons r|n|'«l|||li|\ uf lil\n‘ ('ll\l_ 
._‘,"\d the whieh e wulliciently 
small to conee damase are the ones which 
SBAv sucnded i the aie Tor the lTongest 

u":v. MEBE g i< recommended at the 
ends of hilts, to be followed by water 
soraving. Ko states that the Technieal 

coommesion at Beoken LWL Austealia, 

|t I 

CoFeunes thar one-hall hour clapse after 
¢ e Msting Letore any workers are allowed 

> 

in the vicinity. Dust stirred up by walking, 
transport or shovelling can also be kept 
down by water. Water is regarded as the 
most reliable precautionary agent, al- 
though ventilation is vory important to 
remove unlid dust. Rock crushing s 
also dangerously dusty, but can be con- 
trolled. KereTM states that in 1922 the 
Technical Commission at Broken Hill, 
instituted in 1920, followina an uphecaval 
of mine employees, expressed the opinion 
that with certain precautions in mining 
the amount of dust could be so reduced 
that advanced pneumaconiosis would not 
occur. This statement is, of course, open 
to serious guestion as applied to mining 
in general. It refers to one general type 
of mining. It is possible that the use of 
water may not be practicable in all mining 
industries. FinlavsonTM states that the 
enforcement of adequate ventilation, ade- 
quate use of water, blastinz at ends of 
shifts and preventing re-entrance until 
blasting dust has settled have vadically 
changed the hazards of the Broken Hill 
district since the commission started work 
in 1920. 

In dusty factories, such as ashestos and 
cement works, ceanliness and ventilation 
are essential, although the actual danger 
in these two industrics seems to be 
comparatively slight. In our investications 
in a number of potteries we found care- 
lessness easily corrected by cleanliness 
and suitable receptacles into which the 
moulders could drop waste clay. The kiln 
rooms would be more diflicult to render 
perfeetly safe, 

The worker who has developed advanced 
silicosts, especially il the progess has 
heen rapid, is predisposed to tuberculosis 
In 1921, the Technical Commission of 
Broken THI" took steps 1o exclude all 
tuberculous and silicotie workers from the 
mines, in both surlace and undergronnd 
\\<-||.IH:"._ 1o rren ill!' l‘”)."il\!ll('lll l"'('- 
where for the silicoties and 1o compensate 
the tuberculons and dicabled silicotic 
individuals, The Commission insisted upon 
periodie examimations of all workers, “This 
was bat following out the |||‘.n"|i¢'(' ol 
many other similar bodies such as the 
Miners' Phthisis Prevention Committee 
of South Afvica.TM 
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In the work of all commissions such as 
thowe mentioned, the roentgen-riay exams- 
ination plays the most important role in 
determining the effects of dust upon the 
Jungs. Tt is likely that much more roent- 
cenographic study will be made of workers 
in dusty occupations in this country in 
the future, and it behooves us to be 
familiar with the subject. Texthbooks and 
standard works on roentgen diagnosis 
have cither omitted the subject altogether, 
or have given it scant mention 5 

pla
g g

 3
 

PATHOLOGY 

The pathological features of pneumo- 
coniosis are best arranged for consideration 
under the following headings: (1) The 

‘ entrance of dust; (2) the “dust cell;” 
' (3) the entrance of the “dust cell” into 
) the lymphatic system; (4) the subsequent 

conversion of the “dust cellTM into fibrotic 
tissue: (3) the elimination of dust; and, 
(6) the predisposition of the fibrotic lung 
to respiratory infections, Most pathological 
studies and experimental work have been 
carried out in connection with silica. 

Ihe Intrance of Dust. A large part of 
1 inhaled dust is removed from inspirved 

air before it reaches the alveoli of the lungs 
hecauvse of the natural protective mechan- 
ism of the respiratory tract. Much of it 
i\ ll"l""\("l i|| lll(' nose ."n(l |)||.'||‘_\ ny, W h\"c 

\ it is caught by the sceretions and blown 
or \n!l;’llt'(' out or 5\\;:"!;\\’(‘(!. |“.‘||\ll('l' 

{ down, the mucus bathed walls of the 
’ trachea and bronchi catch the particles, 
t and the cilin down as far as they exist, 

by their mosements propel them upward 
{ « that they can be expectorated or 
, \\‘\."”’)\'v('\l. "»I‘l‘ Lery 'I“l' (|||\' \\l‘;t h 

ects bevond the ciliated (pilhrlium reaches 
| the alveoli, and the pathology of pnenmo- 
' (nl\lr‘\islu;{in\. 

Wart, Tevine, Johnson and StewantTM 
«ate that in their mouth 
hreathers are more apt 1o develop wlicosis 
than breathers. White,”TM who has 

8 studied llll\'llllll-\'Ullin\i\ in men and horses 
believes that man is more liable to the 
condition than the horse because he s 
Logrely a mouth hreather while the horse 
is n nose breather, Jarvis," on the other 
hand, found that for the same exposure 

oNper e 

Hose 
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periods mouth breathers among the B : 
granite workers showed lTewer "h’"lz ief 
than nose breathers. He also fonngs [ 
that those whose upper respiratory traqgs 
were most free o exeessive |vmphad. 
deposits and other defeets or conditiong : 
such as deviated septa, large turbinateg TM e 

.- . 

and atrophic rhinitis, lasted longer withogg 
disabling long damage. st 

~ The “Dust CellTM The presence of's 
irritating dust particles in the pulmonares® - e ! 
alveoli sets up a eatarrhal process with Wes2: 
proliferation of certain cells. At leage = 
some of these are phagoeytic and incofd: % . 
yorate the smallest of the particles. T""I,‘: 3 ¢ 

L.‘\\‘c been given the name of “dust cella® <" . 
The process from now on is an unusugl§:: 
and a most interesting one. There has beea: 
much controversy over the exact ongms:« 
and identity of the “dust cell” It ba#i 
been variously identified as an alveolse:: i 
epithelial ccll, a mononuclear leucocyte 
or an endothelial cell. Willis®! states thegs 
some observers have thought that the., 
dust particles passed directly betweea 
the epithelial cells, or picreed them, b= 
that most observers believe that the. . 
pacticles enter the lung tissue by cellulses 
or phagoeytic activity. Ile gives relerences.”. 
to all authors whose views he quotes @ ‘ 
comments upon. From his own upm-:‘v : 
ments on animals he concludes that prases 
tically all dust in the lungs is intracellulsr, 
and that the “dust cellsTM are trans : 
through the lvmphatics. o 

MavrogordatoTM has made an evhaustie: 
study of the subject, both pathologicadlyTM: . 
and experimentally. He believes that the] 
“dust cellsTM are of endothelial origin from & 
the walls of the capillaries and [ymphat 
and that they become wandering 
lxperimentally he has traced them fros:s 1 
the incarporation of dust particles ‘W § ; 
the .'1|n~n'| to the formation o ibrows TM 
tissie, Silica dust, at least, seems D{.!”. 
provoke their wolileration, There 18 ‘x:. - 
very itimate n'l;nliun hetween the alveois® s ) 

. A epithchum and the endothelium of the P\ ‘ 
capillaries. The alveoli are, of coursyory 
lincd by epithelium, which is cither 
cent to a single layer of vn(lnl‘.n'h:l' ) 
of the blood or Tvmphatic capillaries, @ ) 
the epithelial cells are interrupte )y somk ¥ ! 
of the endothelial cells. Mavrogore . 

¢ 
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“fenks this arrangement favors the latter 
ssthe “dust t‘c_‘lls or phagocytes for dust. 
if his deductions are correct \||.'|lA the 
“Just cell” l.nrr_ch:m;:cs to fibrous tissue, 
ki would certainly scem to exclude tl}v 

ithelial ccll as the specifie phag weyte in 
westion, although it is known that it may 
Secome phagoeytic. His experiments have 
Giled to show that llu-'|m|)11)1'[|)hr>|u|r|cnr 
jezcocyte takes up cither silica or coal 
d:, although some authors state that 
Aev have found dust particles in these 
‘d&. Mar u-;:nr(l:ltn shows that the essen- 
) difference at this stage between dust 
+d microoraanisms such as the tubercle 
sacillus i< that the former mobilizes the 
asue mononneclears alone and there is 
mcongestion of blood vessels or migration 
« polymorphonuclear cells to deal with 
~ating acents. In his experimental intra- 
wsaular injections of fine dust to further 
cove which cells were “dust cells,” he 

Yand that the particles were taken up 
smtly by the endothelial cells of the 
Lhod vissels, 

Permar quotes HavthornTM as stating 
21913 that he believed the “dust cellTM 

ssan endothelial cell probably orizinating 
@ blood or lymph vessel linings. He 

TM guotes SewallTM as believing, in 1919, 
Be “dust cell” 10 be an alveolar epithehial 
wil His own experiments, published in 
9249 have led him to believe that the 
“dust cell” arises entively from capillary 
endothelium. Into rabbits <howing a mild 
dexree of anthracosis he injected intra- 
acheally o <aline suspension of finely 
tand cormine powder. The carmine 
szt phagocvted rapidly and was all 
racellular in twenty-four hours by Large 
memonucicar cells which had avisen by 
e'“llftr:\li«m of capillary endothelinm. 

e cells were faund still in siteg others 
ould be traced from capillay walls to 
'l'w.lflf spaces. Subsequently, many 
femained in (he alveoli, but come re-mi- 
fated into 1 he tisanes, wained the tenminal 
Yphatics near the alveolas ducts, and 
.‘“@ were taced passing low v toward 
5‘ }lllun.u hnph nodes, where the first 
o '(_d n twenty-four hours after the 
it th Ine inl«-nl.x‘ll\. Permar helieves 
Fa ¢ disposal of the tubercle hacillus 
¥ occur in the e way., He found that 

A Review of Our Present Knowledge of Pneumoconiosis 

the mononuclear cells of the alveolar 
exudate in pneumococeus infection were 
derived from the same source. 

The evidence submitted would seem 
to lavor the endothelial origin of the “dust 
cell.” 

The Entrance of the Dust Cell into the 
Lvmpbatic Svstem. No doubt many of 
the dust laden cells are expelled through 
the respiratory passages, but a large num- 
her reach the lymphatic system of the 
lungs. Many observers have traced the 
dust cell from its entrance onward. Gard- 
ner® in his observations on animals 
exposed to granite dust found the following 
movements of dust cells after discontinu- 
ance of dust exposure. The cells gather 
in the alveoli located along the alveolar 
ducts and move toward the lvmphoid 
tissue at the distal ends of these passaces, 
thus, one by one, entering the first vutpost of the lymphatic drainage system. '?his 
lymphoid tissue then undergoes hvper- 
trophy. Cells then move to the next larger 
lvmphoid deposits at the bifurcations of 
the bronchioles and bronchi, and eventu- 
ally reach the tracheobronchial Ivmph 
nodes. 1T the lvmphatics become choked 
by a continued dust inhalation, fibrosis 
ensues, and the dust can no longer be 
removed. From then on a progressive 
fibrosis results. So far, we believe that these 
processes explain very well the first stage changes in pneumoconiosis as shown by lhc 
roentgenogram, and described later under 
roentgenographic appearances. 

MiddletonTM states that dust cells may 
be found in clumps between the alveolar 
walls in the perivascular lymphatics, which 
are occluded thereby, and in the more 
provinal lvmph nodes. 

According to MavrogordataTM silica dust, 
unlike conl dust, vemains intracellular, 
and the dust eells tend 1o agpregate into 
groups which he calls pseudotubercles, 
1t is in these bodies that fibvosis hegins, 
They vesemble tubercles except in the 
absence of piant cells and the periphery of 
Iy mohoey tes and polymorphonuclear cells, 
and in subsceuent fibrosis mstead of casca- 
tion. Janvis'TM very aptly ealls attention 
to the fact that the conrse of dust particles 
from the bronehos to the lung parenchyma 
is essentially the same as that of the 

v
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tubercle bacillus, but that subsequent 
events difler. 

Mo rogordato® further states that silica 
seems to possess the property of protecting 
the dust cells from autolysis and lymph 
digestion, so that they can accumulate 
and block the lymphatics. In the case of 
other dusts, like coal, the cells are destroyed 
and do not block the lymphatics. He 
believes that silica particles are slightly 
soluble in alkaline tissue juices, and that 
an alkaline silicate is precipitated, which 
preserves the cells. 

Conversion of Cells into 'ibrous Tissue. 
The next step following the aggregation 
of dust cells in the Iymphoid deposits 
and the blocking of the Iymphatics is 
the formation of librous tissue. The trend 
of thought of many observers and experi- 
menters is that the dust cell becomes a 
fibroblast. MavrogordatoTM has caused 
excessive fibrosis in the peritoneal cavity 
by dusting it with sterile si Gye 
and Purdy %97 state that silica is insolu- 
ble in water and all acids except hydro- 
fluoric, but that it can be dissolved in 
alkalies. The eirculation of silica in nature 
depends upon the formation of a hydrated 
colloidal silica, which is a poisonous 
substance. A guinea pig was quickly 
killed by a 30 myg. dose. In sublethal doses, 
its greatest action after intravenous injee- 
tion was upon the vascular capillary endo- 
thelium, and large numbers of these cells 
ot into the circulation. Small daily intra- 
venous doses were followed in o a few 
months by marked fibrosis of the liver, 
enlargement of the spleen and interstitial 
chanzes in the Kidnevs, Gye and Kettle s 
experimentally proved that colloidal silica 
was a cell poison. They believe that the 
fibrosis caused by finely divided silica 
is due to the slow formation of hydrated 
colloidal silica, which acts as a cell poison, 

Fibrosis is the essential pathological 
process in pneumoconiosis, and upon it 
and Ivmph block depend the character- 
istic roentgenologic features. It s quite 
.'-:',rv(-(l that the process ol hibrosis l)q‘in\ 
in and around the various [vimphoid 
deposits where the dust cells lodee alter 
hemg taken up in the lymphatic system 
trom the (luctu‘i alveolares. NMost observers 
believe that the presence of silica induces 

a connective tissue cellular prolifery 
such as is produced anywhere as « reactig’ 
to an irritant. MavrogordatoTM and 
seem to regard the endothelial duse 
as the original fibroblast. It scems pr 
that as the dust cells die or 
fibrous tissue the dust particles, and aly 
pigment particles like (coal, if not: dsa 
solved, become extracellular and lie witkiy'; 
the fibrous tissue. The above descriptae: 
would apply to the beginning of a frmg” 
and practically microscopic nodular fibrgs 
sis along the courses of the lymphatiy 
arising in the primary lobules ~and. 
extending centrally along the pul Fa s 
arterial branches, pulmonary venous rads- 
cles and bronchi. This process continues 
until the fibrosis in and around:the” 
Iymphoid deposits becomes visible as 2 unes: 
formly scattered nodular fibrosis in whick 
the individual nodules cast shadows o= 
the roentgenogram and depict the secoed 
stage of pneumoconiosis. But let us'g : 
back again to where the mi(mscqu'- 
nodular fibrosis is forming. Along wikTM 
this another process is instituted. The” 
lymphatic channels become obstructed, 
there is more clogging with cells and &7 
more diffuse fibrosis begins in the intes 
stitial lung tissue. The interalveolar tase 
and the interlobular septa become thids 
ened because they contain clogged lyme 

% phatics. At first the Iymph flow remams 
fairly active toward the hilum and i 
dust cells are carried all the way 1o 85 
hilam and the tracheobronchia 
nodes, These enlarge and become fibrots 
Many cells are caught on the way 
ward in the lymphaties which exte33: 
centrally, as just stated, and cause fibross. 
and clogging along the hronchial tree 3". 3 
produce the thickening of the lfl!“}_ 
shadows and lincar markings WhaRe 
together with the enlarged hilum Jhadows 
wive the characteristic roentpenodrapes” 
evidences of the first stage of the condite, ; 
The thickening of the interlobular 
just referred 1o, may be so m':nkrd as @ 
aid in this appearance, or it may 00 
become evident until the nodules € TR 

3. to visible size in the second stage 
a rule the nodular fibrosis holds & 
until a well-marked first stage 
cvident, but not always in the rap_ 
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“developinge silicosis due to inhaling of 
mous amounts of fine high percentage 

As certain sets of Ivmphatics hecome 
dogeed, the burden of lymph flow is 
thrown on others, which in tun, become 
gmilarly aflected. Naturally, as lymph 
thock toward the ln!um becomes marked, 
there i< a tendeney for a back flow toward 
the subpleural Iymphatics, whercin similar 
changes are instituted, which result in 
gheous nodules, thickened pleura, adhe- 
sons, and even, rarely, cllusions may 
eccur. Thickened pleura is found in a 
Brge percentage of advanced silicotie 
ases. As an evidence of the by-passing 
of the lvmph stream we have seen dust 
pgment demonstrated by Dr. A, . 

1., 
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fong time, and not pass this extent in 
thirty or forty yvears. But if the dust is 
more intense, the generalized process 
proceeds more rapidly, and diffuse fibrosis 
very soon becomes the prevalent condition, 
This we recognize as the third stage. 
Such a rapidly progressing diffuse fibrosis 
probably “explains why we frequently 
find extensive third stage appearances 
without much evidence of those of the 
second stage and still less of the first 
stage. 

Steuart” and others state that the gen- 
crulized fibrosis obliterates the alveoli 
and compresses the bronchioles and capil- 
laries and renders the lung unable to prop- 
erly oxygenate the blood, thus causing 
dyspnea. This may be true, to some extent 

[ Smith in the diaphragm where the vis- at least, although we have not taken this 
in eeral and parictal pleurac have become view of the cause of the extreme dyspnea 
1. ‘adherent. and lack of expansion observed during the 
< * In the case of nonfibrosing or weakly roentgenoscopic study of a larze number 

Ebrusing dusts and very moderate silica 
mhalation, the lymph flow is maintained 
Yumward, and the individual may not, 
o the comse of thirty or forty or even 
Ff!_\' Nears, progress past the first stage, 
wr possibly may show evidences of the 
sevond stace of nodular fibrosis in only 
those portions of the lunss where the 
wreater part of the inspired air poes, 
ground the central portions, while the 
amaining portions will remain clear. But 
4 the inhalation of silica is in preater 
saantities, more pronounced and wide- 
spead changes occur. The small fib- 
atic nodules increase in size and conlesce 
@ form larger and macroscopic nodules, 
£am pinhead to pea size, <o characteristic 

'y the rm'ni;v'llnln;[i( \n(tlllcl stage, ”l(‘ 
Bterstitial fibrosis also continues in the 

“2teralveolar tissue and interlobula wopta, 
rd mav encroach upon the alveoli, q onchioles and vessels. 
“There are, as will be noted, two simul- 

Us processes going on, The nodular 
nge is the striking one <o far, hut the 

%y is being paved for advanced and more 
‘“ou_‘ conditions, a ceneralized brosis and weapacity, 1 the dust inhalation 
femains n\m||'|;|||' n (|(;:|-~1-, the ;'_nnl.ll- 
?“’l Process takes place very slowly, and 
ve2ondition may remain one of an essenti- 
¥ discrete nodular fibrosis, at least for a 

of cases of advanced pneumoconiosis. 
We have always regarded the lungs in 
these individuals as being inclastic and 
imcapable of expansion by respiratory 
cffort, because of the excessive generalized 
fibrosis, fibrous band and pleural zdhesions 
limiting the diaphragmatic movement and 
even the costal expansion. These individu- 
als simply cannot take even an ordinary 
breath. Morcover, many of the lungs 
present a distinetly emphysematous 
appearance. Possibly - both causes are 
operative in extreme dyspnea. The third or :ul\':mn-(& stage of fibrosis 
may take on at least three distinet appear- 
ances, or all three may be present i the 
same case, a dilfuse fibrosis with nodules 
still present, Targer nodules due to coales- 
cence of small ones, or large irregular 
areas of consolidation due to massive 
fibrosis. These changes will he deseribed 
frther in connection with roentyen-ray 
appearances, 

Llimination of Dust and Recovery, It 
seems to be a well-established fact that 
individuals who have not progressed far 
into the thivd stage of <ilicosis may show 
decided clinical and roentgenographic 
improvement upon cessation of their dusty 
occupations. JarvisTM has observed this 
many times among the Barre granite 
cutters when their work has been inter- 
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WA 

pupted for a considerable periad of time 
beeause of stiikes or for other reasons, 
‘This has been explained experimentally 
and by pathological study. Watt, Trvine, 
Johnson and StenartTM state that the lung 
is capable ol frecing itsell of dust to a 
certam extent, even after the dust is in the 
Iymphatic system and Iy mphoid deposits, 
by a reversal of the process of entrance, 
srovided new dust is not entering too fast. 

.kl:nrugm(l:nln"" states that it has been 
determined experimentally that six months 
are required between the time of exposure 
to silica dust and the appearance of 
evidence of fibrosis. He also states that 
silica dust has been found in the sputom 
of men some time after they have sus- 
pended work. We have been informed 
(Dr. I. V. Meriwether, U. S. Bureau of 
Mines) that a coal miner who stops work 
may have black sputum for two to four 
vears afterwards, Certainly these and 
many other observations would seem to 
indicate that silicosis may be arrested 
or even regress. Mavrogordato thinks 
that if an individual continues to grow 
worse after cessation of work, some 
infection, especially tubereulosis, i 
indicated. 

Nicholson® mentions as one of the three 
ways by which the respiratory tract may 
rid itself of dust that the dust cells may 
cither carry the particles within reach of 
the cilia for expectoration or through the 
alveolar walls into the Tymph stream. 
MavrozordatoTM states that the dust eells 
have two wavs of exit, by expectoration 
or travelling in the blood or the Iymph 
stream out of the lungs. 

While it scems evident that the dust 
cells which have not progressed to the 
(|4\(-|upun'nt of fibrous tissue may leave 
the lungs, and in this way decrcase coli 
deposits at the Tymphoid centers and 
relieve lvmph block, will actual fibrosis 
disappear? 

Predisposition to Infections and Coin- 
cident Tuberculosis, Al anthors who have 
l||u||' any ('\llll'-i\l‘ '-||I<|\ ur .|(|\.|llu‘(| 
rapidly progeessing cilicosis arve inaccord 
in statinee that the silicotic lung is predis- 
posed o intercurrent pespitatory infees 
tions, especially tuberealos and o a 
less extent, pm-unmni:u. Watt, levine, 

s 
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Johnson and StenartTM state that paeye, 
nia is longer in clearing up becanee | 
ul_)slnu*h-:l L\luph drainage. Both il.rih-:' 
of the resprratory tract and librogy - 
the chiel factors in the predispositia v 
l‘uln(-rculusw. Latent tuberculosis i sype 
likely to become active. Mavrogordgsys 
believes that the tuberculous 
spreads rapidly in the silicotic lungm 
it invades the thin walled new blood vews 
which have formed as a result of the ¢ya. 
ting ofl of the original ones by the £5e.m; 
of the perivascular Iymphatics and thesiw 
vessels have not developed neems. 
defenses. While silicusis_h.ls been e 
what controlled so that it develops e 
dlowly, tuberculosis still seems to be ¢ 
serious problen. 

Gye and Kettler® found experiments? 
that injections into mice of silicic a 
and suspensions of tubercle bacii = 
normal saline solution caused 3 
cevere reaction than injections of organsew 
alone, which, in reality, produced vess 
little reaction. A central zone of coaps 
lation was filled with tubercle bae 
which migrated into the surroundzy 
tissues through the agency of phagun'n- 
and set up other foci of infection. Thes 
concluded that the association of tetes 
culosis and silicosis in man was doe . 
to the destructive action of silica oa R 
cells, causing necrosis, in w hich the tubesce 
bacilli conld multiply; and (2) to the disen 
ganization of Iymphatic drainage of th 
lungs. Purdy ' quotes CollisTM as sugge® " 
that pure silica is readily comb’ d 
(Il"“i(\.ll compounds w hich potson the ¢rs 
and render them vulnerable to msen® 
bacilli. 

Landis' states that 
tuberculosis is superimposed on press 
coniosis it is usually nontosic, }\“b ad 
Jight constitutional manifestations ’;’ 
eacily handled by rest. This .nspt'd :" 
ascribes to the fibrosis \\hi, h limits 
spread of the disease. Ie thinks the pee” 
ence of marked fibrosis would 
arpue in fivor of rendering the 
Jess suseeptible to the tubercle -t 
This applics to potters and to coal MEE 
Tubercnlosis s more apt to v(‘l"'_‘ ?"_: 
in potters. In the quickly silicoting 
of other occupations the sameé ¢ 
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lace in two to cight vears which 
te thirty to forty years to develop in 

avters. In the rapid cases the lungs are 
sutely inflamed and are a fertile field 
for tuberculosis. 
.t 

3 UNUSU AL COMPLICATIONS 

“We have observed one case of phrenic 
serve paralys is in connection with silicotic 

of the third stage. We believe that 
ohis was due to the cllect of the fibrosis 
qoa the nerve. The patient, a male aged 
thy-eight, w: s referred from the service 
o Dr. .\'(rn;d in the University Hospital 
fran examin ation of the chest and gastro- 
mestinal tract becanse of a large mass 
s the vight upper abdomen, vomiting 
after a full meal and a loss of go pounds 
i weicht du ring six months, e had a 
.'l'.hc.' pmt'uw unm-pmulcnl v\pulnr;llinll 
tod pave a h 
ymder for se 

v, Fxamination of the chest 2 farin labhore 
Fxz 1) <hovw 

istory of having been a tool 
ven or cight vears and later 

advanced third ved a very 
#aze pneumoconiosts, with numerous large 
areas of mas 
Re have b 
sbether a1 « 

sive fibrosis in both lungs. 
con unable 1o determine 
omneident tuberculosis was 

woven or not, as the history of the case 
s lost. 1) 
ery limited. 

aphragmatic excursion was 
The left diaphragm was very 

T20 but heavy in outline, suggesting an 
wgquited rather than a congenital even- 
Mtion. On 1 he basis of this appearance 
*e interpreted phrenic nerve paralysis 

ably resu Iting from the massive fibro- 
TM ll‘!(‘l('('llLl“\ the examination of the 
"Btmmh'\lu) 

e eneept i 
spe of the 
astic of ¢ 

al tract was practically nega- 
1 showing the usual cascade 
yartly filled stomach charae- 
ventration or left pln'(-nic 

&ave paralysis, 
:"l'” m oan anticle on tumors sugrests 
St drritang and evidences of inllamma- 
‘Xypn...--..-\ may predispose to prinury 

28 and bhronchial tumors, and mentions 
MOCang 15 oas a possible predisposing 

Uese, We have had ocension 1o examine 
p'"‘,\ llllll(llm 

this COnt 
"-\h.m s ol | 

M Instances 
Y2uestive oof 
elitme 

loof chests « howinee all stages 
lition and lound no 
noven |)lil|l‘ll\ mnly"!"nl. 'll 
appearances were samew hat 
vgrowthy but thin was not 

mically o by subseguent 

4t 
A, 

events. A third case showed a primary 
sarcoma of a rib. We have encountered 
mediastinal evidences of Hodgkin's discase 
in several individuals with pncumoconio- 
sis, but the diagnosis has alyvays been 
established by biopsy from glands removed 
from an accessible location like the neck, 
and the occurrence of the Hodgkin's 
discase has undoubtedly been purely a 
coincidence. 

Pleural complications are so commonly 
met with that they cannot he regarded 
as unusual complications, and are dis- 
cussed clsewhere. 

RAC 1. STATISTICS 

According to Jarvis'' race scems to 
materially influence the developmental 
period of silicosis and the severity of the 
process for a given time of exposure. 
Italians seem to suffer the least, and then 
in order are Americans, Englich, Spaniards, 
Scotch, Swedes, Norwegians, Danes, 
French and lrish. He states? that among 
the Barre granite cutters the Italian work- 
ers usually escape the severe forms of 
the condition, the percentage of third 
stage cases among them being one-half 
that of other races. No explanation is 
forthcoming. Watt, Irvine, jnhnmn and 
SteuartTM state that the native South 
African miners appeared to be more sus- 
ceptible to silicosts than those from over- 
seas, with the possible exception of men 
drawn from the races of Southern Europe. 
It would appear to us that in determining 
these facts one would have to consider 
carcfully the previous occupation, duration 
of exposure and the exact character of 
dust to which the imported miner was 
previously exposed. 

PIGMIENTATION OF 1UNGS 

Nearly every one s omifiar, through 
AUTOPS Y l\lh‘li(‘lh ¢ oor |u~;|r~-.|_\, with lht' 
darkly pigmented lungs o coal miners 
and ol individuals exposed 1o Lage quanti- 
ties ol some other dusts. While such 
pigmentation s frequently, or perhaps 
wenally, associated with silicosis, there is 
probabily no direct connection & hetween 
the |)i:'|nrnl.r|iun and the fibrosis present, 
NMovrogordato TM calls attention to the fact 
that the lungs i advanced silicosis from 
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hard rock mining are almost as black as 
those of coal miners. e thinks this i 
due to the fact that carbonaceous cdust is 
prevented from being climinated by the 
dilicotic fibrosis, because the Iymph circu- 
lation is interfered with, whereas, ordi- 
narily il inhaled in the same quantities 
without the presence of silicotic fibrosis 
it would be largely climinated. Tle inti- 
mates that dust eells containing coal and 
come other dusts die and do not form 
fibrous tissue. (See later discussion on 
coal miners.) Middleton® states that 
dark pigmentation is due to inert dusts 
like coal. Watt, Irvine, Johnson and 
SrenartTM state that the South African 
mine air contains many pigmented par- 
ticles, mainly carbonaceous, from smoke, 
coal and other sources, and that in arcas 
of dust fibrosis in the lungs increasec 
pigmentation is commonly found, but 
cuch dust is inert and plays no direct 
part in the production of the fibrosis. 
The pigment particles may play an indircect 
part in fibrosts by tending mechanically to 
block the lymph channels. At autopsics 
they found that the amount of pigmenta- 
tion was not necessarily an in(||(~\ to the 
amount of fibrosis present. 

ROENTGEN=RAY STUDIES 

It is generally conceded that a properly 
conducted roentgen-ray examination 1s 
the most satisfactory and usually the most 
accurate means of studying the effects 
of dust upon the lungs of the living subject. 
A clinical study is also essentinl, especially 
in determining the capacity of the indi- 
vidual for work and the presence of a 
coincident tuberculosis. Most ol the litera- 
ture, cven from the roentgenologic view- 
point, deals with |m('um4wnnitv\i\‘ as 
produced by the inhalation of silica. Roent- 
genologric studies suggrest that probably 
other dusts than silica may produce fibrous 
changes in the lungs, so that the individual 
may be regarded as having pneamo- 
coniosis. Tt 1s our purpose in connection 
with the roentgen-ray aspect of the condi- 
tion 10 Present our experiences with a 
lnpe number of dusts. We have assumed 
that silica is not the sole ctiological factor 
N pHeumocaniosts, but in this we may 
be wrong. Such an assumption should be 
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substantiated by appropriate o in .(nd(-r to esta )IislhI a I":ul. _ - 
l'.\t:vl'(tililll('(" p|:u.-(-(.| UPON TOCNT2tnuy, 

studies is well expressed by Wals 
Pitchford,TM chairman of the South ”'\ 

h % .y k Alrus . 
Miners' Phthisis Medical Bureau, 33 
states that 1t s not sale to \c-mure. .’-P"v 
positive diag sis of sthicosis ““hfl‘lll: i 
assistance of “a technically satisiaces 
radiograph,” which is so essential ia b 
diagnostic _roentienograms of the lon, 
Ie is authority for the very freqoeer 
confirmation of the accuracy of roentpes, 
ray findings by autopsies, which, Lo 
tunately are permitted by law in Soes: 
Africa. Doubt exists in only the ves 
carliest stages. 1t is a well-known fact they 
the first stage of PHenMOCconiosis may v 
simulated roentgenographically by sevess! 
her conditions, .antl Watkins-Pihterd; 3 
is correct in his statement that only whea 
the specific appearances of the fine morz=2 
stage are found is it invariably safe - 
venture a positive roentgen diagnesa 
with the one exception of cases undes 
observation for some time in whom s 
normal hilum and trunk shadows -4 
:spun;:v\\nrk of interlobular septa 2% 
Decoming more pronounced with repeate! 

g 

examinations, Steuart,” roentgenogra 
for the South African Dureau, rezx 
the roentgen appearances as so stk 
that a glance at the roentgenograiz » 
«ullicient to visualize the exact chargm 
in the lungs. At the time of writing & 
had filed over 200,000 roentgenogRes 
of 57,000 individuals. 

T'he technique of the roentgen-ray s 
ination is of some importance. As we 3% 
studying (ine details in the lungs, foe tha 
most part, the same care is advisab - 
in the examination of tuberculous lus 
and, in fact, tuberculosis may play & 
part in the appearances to A
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be mlcrpm“'-' 
We cannot too strongly urze l.hc: use 
stereoscopy . Speed of exposure 18 a ey 
ate in order to avoid all blurring due * 
heart and vessel pulsation. In a con s 
in which fibrosis plays the most m\pfllfl"’ 
part, pulsation is es weeially likely to L 
detatls. Many of the :u|\.||uc1|.<‘|h"{"". 
individuals are extremely dyspoeic and & 
i fregquently very difticult for them * 
abstain Trom hreathing, even {or a sex 

B
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P Lo, Itis not advisable to ask such 
Nk duals to take the deepest possible 

S imation, especially the extremely .*wntlnl. g A 
& ic ones, for the same reason. 

GVThe 1OCNTEOnOsCopic examination s 
4 
v Jen of creat value, especially in deter- 
ming respiLitony cipacity and observing 
% ide eliects of librosis upon the diaphragm. 
“a most of the advanced silicotios the 

“ydaphragms are nearly or quite immobile 
scause of the inability of the fibrotic 

s to expand or from pleural adhesions 
% both. Very frequently, in the less 
E“ngnrul cases, we are able to judee the 
entent of wencral librosis better from the 
Fect upon the diaphragms, roenteeno- 
scepicaliv studied, than we can from the 
meatgenosin. 

ROLNTGENOLOGIC SEAGES 

It seems logical that the stazes of 
sengress of the fibrosis in pneumaoconiosis 

hould be based upon roentzen-rav appear- 
wces. A clinieal classification would be 

Chased largely upon progressive dyspnea 
sad capacity for work, and, as a matter 
o fact, these follow very closcly the 
Featgenozraphic appearances. 

In 1917, Lanza and Childs? presented 
first American classification of stages 

".‘Qm condition hased upon roenteen-ray 
;admgf. This has stood the test of time 
M so far as appearances are concerned, 
‘lmlopuh there have been some changes 
Aopmion as to the pathological features. 
Yaey divided the progress of the condition 
vlo _thm- stages, which mav be briefly 
‘f‘ifllbml as follows: First stage: ‘The root 
2adows are denser and more extensive, 

may show m-(|ll[(\; the trunk shadow 5 
weincreased in density and breadth, with 
Yumerous punciate deposits of varving 
e along them; the appearance is sym- 
Retrical on hoth <ides at first, but not so 

ter; there is no difference in din shrag- 
] Ratic excursion. Sceond stage: In addition 
‘W the foregoing there are Tound Taieh 
Nmmety | small, crrcmmseribed, dense 

areas g, hout both lanes, and atey 
Lt TR e .lullmnhln-_ waally at 
=W part of the upper third, about the 

: """ the root <h wdows; the domes of the 
SEPRL NS seem el ntwted, Thid stao: 
s dillers froum the cecomd onlv in the 
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extent of lung involvement, indicated 
by increased numbers of deposits aad 
more massive grouping. They then go- 
on 1o describe more advanced filirotic 
changres, with heart, vessel and tracheal 
displacement and restricted diaphragmatic 
excursion which they were inclined to 
ascribe to a tuberculous complication, 
but which we now know mav be due 
entirely to advanced silicosis, although 
tuberculosts may be a factor, This classifi- 
cation, with a fow minor changes, answers 
the purpose admirably today. 

During the same vear, one of us, with 
\Miller and Landis," without anyv know ledec 
of the work of Lanza and Childs or others, 
based a similar classification, diffcring 
only in minor details, upon a study of the 
cllects of dust inhalation in several indus- 
tries. The appearances during the progiess 
of the condition are so \triLin;I\ different 
that anyone is likely to select practically 
the same classifieation. 

In 1916, Watt, Irvine, Johnson and 
Steuart TM described three pathological stages 

s carly silicosis, intermediate silicosis 
and advanced silicosis, with very similar 
roentgen-ray appearances in oeach as in 
<he three just deseribed. Mavrogordato 
<tates that at the present time in South 
Arica silicosis is legally divided into 
taree clinteal stages: (1) ante primary, in 
which the earliest detectable physical 

ns oare present, but there e no roent- 
cenological changes; (2) primarc, in which 
definite physical signs are present and 
¢ pacity for work is impaired, thouzh not 
ccrtonsly or permanently; and (3 second- 
arc, in which capacity for work is seriously 
ard permanently impaned. We know 
thit the members of the South Afvican 
Commission are keen dingnosticians and 

cannot donbt the statement that 
vsieal signs are detearable bhefore there 

= any roentzen-ray esidence. 10 this he 
trug, as Mo l'll',',“ll!;l]'i states, that the 
red cram will not detect the condi- 
v prior ta hibrosis, vhercas clinieal 
wic s willy possibly o Bailire o <how 
pre ihrotic cvidence of the condition s 
e tothe fact that there s no e unnumhu;g 

7o e of conestion as s present in tobereu- 
b Steuwart, TM roentzenologist for the 

Soth African Comnission, states that 

A review of our present knowledge of pneumoconiosis, based upon roentgenologic studies, with notes on the path…
ACL Doc 25314 · Page 13 of 43

Published by AsbestosClaims.Law

asbestosclaims.law/library/25314/13

https://asbestosclaims.law/library/25314/13


»i 

the lepal clinieal stages usually correspond 
to the roentgen-ray stages, but not always, 
He deseribes the following two roentgen- 
tav stages: Farst stage: The hilum and 
trunk shadows and lincar marks are 
increased in prominence, but the appear- 
ance is not characteristic. Second stage: 
Lheee is an apparent segmentation of 

limear markings which now present them- 
selves as numerous small, diserete but 
clearly aggregated miliary nodules. The 
change from reticulation to nodulation 
usually progresses uniformly throughout 
the entire lung, and as the condition 
advances the nodules grow in size but 
apparently decrease in number. In addi- 
tion, the grosser indication of the super- 
vention of a tuberculous complication is 
the appearance of one or more areas of 
“clouding” in the hitherto uniformly 
mottled Tung. These clouded areas are 
at first usually unilateral, and if in both 
lungs, they are usually not symmetrical. 
We have usually classed such appearances 
as third stage changes, and while in many 
instances they may be due to coincident 
tuberculosis we doubt very much that 
they always are. This phase of the condi- 
tion will be considered more in detail later. 

NicholsonTM describes the following stages 
in England: A pre-roentgen-ray stage such 
as is recocnized in South Africa, followed 
by first, sccond and third stages which 
are practically the same as those with \\hi("l we are familiar. Purdy' states 
that the anteprimary stage of silicosis 
was legally recognized in South Afvica 
i 1919. In the same communication he 
also states that the Broken Hill Commis- 
sion of Australia laid down the rule that 
all miners should be systematically ex- 
amined roentgenologically and il any 
.'||)1nnnu|it.\‘ was found, the findmnges 
demanded a physical examination. This 
would seem to ;{i\v first im]uul.mu' to 
the roentgen-ray examination. SmithTM 
(|rwri|w\ (h(' lu“n\\ill;'_ l'“l'|||;l'll'l|l',[l\' 
stages in the Bioken THIL district: (1) 
An increase in hilum shadows due 1o 
peribronchial thickening at the roots and 
to glindular enlargements. (2) A general- 
ized nodular increase in the reticuln 
shadow due to fibrosis surrounding the 
bronchi and hronchioles, and small arcas ol 
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fibirosis whose blood and Iy mph 5“np[’ .. 
ofl by pressure ol the ixurr:ming'm 4 
chial ibrosis. This is the characteristigegs, 
and clinical signs are found onjy u‘h . 'y roentgenographic appearances are., sy 
(l('\(‘lu])(‘(l[ In _!lll\} \Lnll'cnn-nt he&n"» s 
seem to share mm the dragnosts W. gy 

the South African examiners. l: hse 3‘ 
ence the roentgenogram has play, !t: 
greatest part in diagnosis. Many autzawe 
checked their roentgen-ray Iindifig; 5 '!..‘ 

Jarvis! reports a much more deales 
and ((Hllj)lcll(‘n\l\(‘ classification Iy 
the granite workers at Barre, Vermr. 
as follows: Stage A: Granite pneumeoessss, 
sis, with increased prominence of sy 
and !lllllL. shadows; Staze Br G 
pncumoconiosis, with linear ; 
prominent at the periphery; 
Granite pneamoconiosis, with a 
cous haze over the lung betses 
the lincar markings: Staze A: Grass 
fibroid pneumoconiosis, with fibroid saee 
not larger than 3 cm.; Stage B: G 
fibroid pneumoconiosis, with fibroid s 
not larger than 6 ¢m.; Staze C: Gresm 
fibroid pncumoconiosis, with fibroid av# 
larger than 6 cm. He also gives an 38% 
tional classilication of tuberculous ¢2e» 
While this classification is a wopmg 
diagnostic and clinical basis for. " 
peculiar conditions found among g% 
workers, and is a very excellent cr ¥ 
would scem unnecessarily complic ?’& 
general use. o T 

In later communications, JarvisTM! 2 
sents his six stages in a somewhat difprr 
manner, based upon serial roenizese 
graphic studies and conforming to int2s 
mt \n]n;(ic:ll processes: (1) Incresss ~ 

Ililmn extent and prominence dw- ¥ 
continued Iymphatic drainage from #¥ 
periphers hilumward. (2) Increas fuevt 
mence of trunk shadows, due to d!i 
slasia resulting from the passage o5 o ° » e oy he wrritant through the [vmphaties. ol 

pearance of small densities at lll.(' st 
of the Targer lymphod 'll'lw““',“;w 
points of division of the broncdB = 
as a result of their filtering func®TM & 
Appearance of fan-shaped areas "v”" 
lung periphery, indicating the reas ¥ 
of more dost than can be (Il:llmd-"" these arcas hilumward. (5) A hot}?t'flf 

Siex 1 
hor g 

1 

| 

| 

| 
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at the periphery, indicating 4 I lymphatic detouy, (6) A ;':.uln."l”‘\' dingz cloud over (he ling ficld rd the hilum. ‘The .'nllllmr realizes - these stages are not always so pro- ;?::;"‘"’) clean cat, but are likely to Lowerap. & 2 For a satisfactory general classification "we'have seen no reason to rh.'m;,;v‘ from vthe one suggested by Lanza and Childs, Jfl’ we have followee lllcl‘ls vather ¢ lus‘('ly. +& more detailed des ription of the three datages, together with the pathological €m<c< responsible for cach, follows: 
FIRST STAGE 

"+ Roentgenographic Appearances. This stage is characterized Ly o very definite Lmerease in the prominence and extent “of the hilum shadows of the central zone, a thickening of the trunk shadows of the andzone and an increased prominence of the linear markings of the peripheral zone, fa the hilum shadows will frequently be Jound ey idence of many quite large tracheo- bronchial Iymph nodes. The increased bickness of the trunk shadows is usually Girly uniform, although it is most notice. able at the bases and next to the apical fegions. The outermost basal trunks are ot 50 noticeahly affected, as rule, as e more mesial ones, This may be due, a pPart at least, to the fact that this }pru'on of the lung, as stated by Miller, * i drained, with the adjacent portion of ‘e pleura and the diaphragm, through e ligamentom pulmonale to the pre- "‘MIC l\lnl:h nu(,v\, and not ||||m|:1|| the . Lyvmphatic drainage may be Jess Hlocked foy lln\‘ cason, sdarvist divides the tronk shadows and ar markings into three groups of 5 rdensitios, Those of the first iy ision, +2e broad ones in the hilum zone are most Boticeable, of cotrse, toward the hases, o e scecond division, in the midzone, s;. ldl oot e Nt s I'n' l)llc’.llll(‘ pted by 1 Normal Clhesy Committee “Dpoint ],y the National Tubercnlonis SSOCLHION, " e describes as having a Leomet g arrangement enclosing triangles 0 owhicl fany densities nay 1||\|"n|). :"lt thind division, 1he lincar markin 1 m the thivd peripheral zone, he repnnds 
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— as the Lt to appear as a network Tofs threads and forcrunners of thic Lened pleura, which is o frequently found in the second and third stages of pneumo- coniosis. e thinks these last densities are interlobulay septal markings, Interference with diaphragmatic exeur- sion, which is a prominent feature of the second stage and still more of the thiyd stage of the condition, is not noticeable in the first stage, except that frequently there s noted restricton of the inner half of the diaphragm at full inspiration, as though this portion were held up in its descent by the portion of the lung containing the most prominent descy nding trunk shadows. It js probably the fibrosis along the bronchial tree represented by these thickened trunks that is responsible for a certain amount of the beginning inclasticity of the lung. This finding js an example of the importance of roent xeno- scopic study in dvrcrminin;; respiratory disability, which, should it oceur carly inthe “individual’s occupation, shoul] be a waming of what may be expected to follow, 
These appearances of the first stupe may possibly be produced by many inor- wanie dusts lw.\i(lcs silica, or by oroanie dusts when inorganic material iy miyed with them. Silica, however, will cause the changes in g comparatively shogy time, whereas other dusts may require severa| deeades. “Third stage changes are prob- ably always due 1o silica, 

The appearances of the first stape are by no means characteristic of preumo- coniosis alone, They may he stmulated by passive congestion from cardine decom- pensation, acute and chronic respiratory mnfections, chronice bronchial catarrh, the irritation from certain pases, md, to a less extent, by metastatic and rarely primry m:lli;:u;nm'l\‘, usnally CArcinmma, The exact determunation ol carly fis stage changies is by no means as simple problem as iy may seem, lisst, for (he eason just mentioned, and, secondly, because the hilum and trunk shadows iy the adult e subject 1o so much variation within peacti Uy normal limite, th-p:-ndin;; upon ape and envitonment, as in the city dweller, In childhood normal variations 
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A Review of Our Present INnowlede of Preumoconions 
Y are natunally not so marked and abnormal onesare casicr of detection, 

There should usually be no ditliculty 
m detecting a coincident adult tubereulo. 
o this stage, provided it could be 

little if 2y to the duost itself, tnless g, \\||('|| lln- (|u~l I~ |:tr;:¢'|\ nl('l;l“i(- .fik‘ i S 
fme Stge appearances correspone exacly the carly pathological h “ anges, T},c ; ponderance of dust cells that have "Qn 
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fibrosis in both 
on or eight years and afters 

Froo 1 Advanaed thivd s e poeimiocnninnis with extensise awas of nggssive lungs, Nlale, aged fitty-cight, T o ko as o ool grinder for sy s wards as a tarm laborer, linically the chind complaints and findings were abdomingl, with, in . addition, loss of weight, dy s comeh and profuse mucoparalont expectoration. The o story: was lost aned we have no boowledise of 1 SPuteie examination. | he hest lindines are \ We Bulicye this ease ad an awaquinesd eventration on the et i Plvnic nerve by s Comsed by the o vteneine Tl 1his wirs s sest ntestinal examination than by the ¢ hest sty he vather by diaphrags dthe Tt of o life g exontiation, 
¢ 

evenmone by the g 
archenchale 
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detected in the absence of poneumoconiosis the in the same individual, 
Pathology. The roentgen-ray appear- ances of this and all other stagres e due almost solely to fibrosis o Iy mph block, and 

X 

tracheo-bronchial Iy mph nr!(lm.md 
ing in-enlargement and fibrosis of 
plands causes the enlurged and 
hilum shadows, The direction of ly=sy 
flow being hilumward, actual (ibrosis % 

# o
 

RRATIRY 

b g ) 

NE 
v 

!n‘l'l-l 

INA 
| 
H (RLIET A 

a'elirag 

~\'II ‘E 
v ast 

~oraahbl? 
Slht 

into § 
t < these 

: thax L: 

s [ VN |) ‘, 
men 

irial 
» theh 

| 

o
 

—
 
.
 

e
 

“
f
 

=
 

e
 S

 

: l'l( 
oot 

S 0 

‘.\|.a 
’!4([‘ 

Loanp ' -tli 
YUty 

fl
h

a
."

g
 

T
 

-
 

-
 
-
 

.
 

g
 

A review of our present knowledge of pneumoconiosis, based upon roentgenologic studies, with notes on the path…
ACL Doc 25314 · Page 16 of 43

Published by AsbestosClaims.Law

asbestosclaims.law/library/25314/16

https://asbestosclaims.law/library/25314/16


mosthy pe VIV S u_|.u and |;|'|i|uum.|1i<||, 
to dust cells Iu(lg_m:: along ll)c perivas- 
¢ and pet ibronchiak Iy mphatics, largzely 

¢ |\n||yhui(| nml'nh\ at first, and I;.llt'! 
tside of them. This produces the thick- 

eaed trunk shadows. 
‘MSThe case as now observed may be one 

"‘“-hi(-h a l.n;:c amount ol sthica has been 
,-l“[c(l for a ('nlll])[l.lfi".vl\ <hort tim(', 
“ara small amount of silica or other dust 

-
 

Sora long period. Lymphatic obstruction 
‘r’wy or may not be nearly complete. 

teralveolar, interlobular, and possibly 
. 'some 'Sul)plrur:nl librosis may have begun 
,’)l'thw time, and may be n:_fl;('(-nhlq as 

~'§l in(‘u'."wrl prominence of the finer 
sfinear markings and a very slight pleural 
- Baze, observable only in very clear roent- 
_penograms. Such appearances (lcnnl(‘. a 
“aansition into the sccond stage. Jarvis' 
Jdescribes these latter appearances as fore- 
. quaners of thickened pleura. 

" '- SELCOND STAGE 

"!Romlpc'm:yuphir Appearances. This stage 
% characterized by a typical mottling 

“throughout the lungs due to small fibrotic 
“sodules varving in size from a pinhead 
to a per. The small shadows are more or 
s uniformly and rather symmetrically 
ammanged exeept at first. In the early period 

“af development of this stagze we have 
, almost invariably found the <pots appear- 
g first on the right side, around the root 
of the lung. The mottling hecomes quite 
perceptible in the right lung before it 

appears on the left side (Fie. 2). The 
“ mredominance is noticeable on the right 
wwde until the mottling becomes quite 
saeneral throughout both lunes, and then 
cere is usually no appreciable difference 
.oa the two sides. The carlier appearance 
and predominance on the richt side is 
rgarded as due to a larger amount of 

-3 going to the right lung. The mottling 
B always more marked around the roots 
X and less a1 1he apices and bases, especially 
-r' Olley |\u|!;un' ol the |cll||, |)|||":||)|\ 

the saime reason s was mentioned in 
Jvancction with lecened mmtensilication 
‘ol trunk chadows in the same Jo ities, 
LRE exact appearance or delinition and 
“ 88 density of the sl <hadews depend, 

a lnegee extent at b sty npon the quality 

A Review of Our Present Knowledgze of Pneumoconiosis 

and quantity of the inhaled dust. The 
densest and most sharply defined Todales 
we have found in metal grinders, in whom 
fibrosis may be very rapid. In occupations 
in which the fibrosis is comparatively 
slow, as in most coal miners and potters, 
the nodules are not quite so dense or 
sharply defined, and still less <o in cement 
and asbestos workers., 

Diaphragmatic excursion is frequently 
interfered with in this stage, although 
not to the same extent as is so frequently 
observed in the third stage. When the 
fibrotic nodules, indicated by the <mall 
shadows,have progressed to a considerable 
size,and it is a question as to whether the 
case should be classed as second or thied 
stage, we have sometimes reached a deci- 
sion by observation of the diaphragms. 
In the second stage, the descent of the 
diaphragm may be restricted only in the 
inner half, as has occasionally been noted 
even in the first stage, but there may be a 
definite restriction throughout its entire 
extent. When irregularities in contour 
or sharp peaks at the ends of the trunk 
shadows occur the decision is usually in 
favor of the third stage. 

Theoretically one would expect the 
nodular fibrosis of the second stage to be 
superadded to the first stage appearances, 
but this is not always the case. In many 
instances the hilum and trunk shadows 
show little or no inereased prominence 
in second stage cases. At first we were 
inclined to ascribe this to an obscuring 
cllect of emphysema, which we feel certain 
is indicated in roentgenograms of cases 
of this stage, but this does not scem to be 
a sullicient or the sole explanation. Watt, 
Irvine, Johnson and SteuartTM state that 
emphysema may obscure the typical 
appearance. A more plausible explanation, 
though possibly still not the correct one, 
would seem to be somewhat along the 
following lines: As the more peripheral 
|\m|)||.|lir channels hecome blocked by 
fihrosis, Ivmph diainage toward the hilum 
bhecomes Lupelv disccontinued, and - few 
dust cells veach the centeal plillillll'\' or 
root regions. As previously stated, it has 
been proven that a lung can clear itself 
ol dust and dust cells to a certain extent. 
This may oceur in the centeal portions, 
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& some dearing up of the hilum and 
scent tiunhs. We would not expeet 

] v formed hibrous tissue to disappear, 
E bosever. The clearing up process would 

seem mont likely to oceur i cases in which 
the <hadows were due mostly to dust cell 

Fi. 2 
vears Faact dutics not known 
Farr diaphragmatic excursion. Rather ¢ 
utedd throwy 
APPEATANCES ATe not prominent 

accapation 

collections and lymph stasis, and in the 
more rapidly developing cases, therefore. 
This really seems to be the type of cases 
which show evidences of clearing. Jarvis! 
calls attention to the fact that as long as 
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A Review of Our Present Knowledge of Pneumaoconiosis 309 i 
T, 

Ihis may be true, but it scems diagnosis of a tuberculous process in the i I 
"olausible 1o believe that the large apices. _x 

| '3'54 hilum shadow is due to cell 
’wihsh and fibrosis, and we Know, 

NPT hat there is a time imterval between 
A bdgment of dust cells and their 

eopment into ibrous TM tissoe, and, 
v, that dust cells can disappear. 

thickened trunks can be more reason- 
o~ accounted for by lvmph stasis than 
e enlarged hilum. 
"The appearances of the sccond stage 
"{ CUMOCONIOSIS are. 80 t'll;!l‘:lcl}-rl\llt' 
Wyt the condition at t!u-; period is not 
ely to be confused with any other by 
e who s familiz with i, exeept |>nxx|l)|y 
5 miliary or bronchopneumaonic tubercu- 
745, OF N some instances, a case of the 
serile type. The characteristic f(’.‘ll.llI(:S 
o the second stage as to its general distri- 
sation throughout the lungs, the similarity 
&£1he small shadows as to shape, size and 
Zexsity, their greater numbers around the 
wots and lower portions instead of the 
LS, le_vllu-l with the clinieal hi\lffl}', 
steence of fever and other constitutional 
esidences of tuberculosis and possibly 
e sputum examination should serve to 

r the diarnosis rnmp:n.lli\vl\' casy. 
The black pigmentation of the sec tioned 

gicotic lung is apt to be associated, by 
cae not entirely familiar with the path- 
shav of the condition, with the nodular 
sppearance of the roentgenogram. While 
the pigment is in the areas of fibrosis, 
i has little or nothing to do with the 

‘goentgenographic shadows, which are due 
o the fibrosis or stasis, except possibly 
in the case of metallic dust, The pigmenta- 
tion, so conspictous in the coal miner or 
S.rtm:m, is a comcident associate of the 
fibrosis producing element of the dust, 

The differentintion of a superimposed 
tuberculosis in this stage is not always 
% easily made as one s Dequently led 
‘O “(’\ v, I” an I':l'l\' ')\‘Ii('(l "l‘ |hl‘ '(‘("”n(l 
Mage an carly apical tuberceulous fesion 

‘may be readily differentiated in most 
‘Uwstances, but later on, particularly as 
. condition .umnn.u-lu--. the third <tage, 

oourse the ovtreme apees ually remaim 
ompmratively lree ol silicotic changes 

until Lite, which helps materially in the 

2the diagenosis hecomes more dithenlt, OfF 

Pathology. 1t is evident that the fibrotie = 
nodules characteristic of this stage have 
their incipieney in the Ivmphoid deposits TM. 
found along the Iymphatic channels and 
so fully described by Miller.** So far 
we have been dealing with roentgeno- 
graphic appearances due to the passage 
of dust cells hilamward and the fibrosis 
which results there. All of this time, 
however, some of the cells have found 
lodgment in the small lymphoid deposits 
found at the junctions of the peribronchial 
and perivascular l)ml)h;nics and more 
peripherally. As these deposits accumulate 
dust cells they grow larger, and fibrosis 
subsequently takes place. Some develop 
into small nodular fibrotic arcas faster 
than others. When they become large 
enough of themselves, or with the addition 
of the surrounding areas of Ivmph stasis, 
to become visible they will cast definite 
shadows on the roentgenogram. In some 
films they appear as innumerable very 
small shadows, while more frequently 
there are a lesser number of somewhat 
larger ones. 

The sharply defined spots of the rapidly progressing silicosis oll the hard rock 
miner, granite cutter and others are prob- 
ably due to a rather sharp limitation of the fibrosis to the arca ()ll the Iymphoid 
deposit, whereas the “soft” or *“fuzzy” 
spots of the slowly progressing process 
of the coal miner, potter, cement and 
ashestos worker may be the result of a 
surrounding interstitial fibrosis permitted 
by the longer time factor. This is purely 
conjectural, of course. 

After a time many of the small nodules 
no doubt coalesce to form larger ones. 
As long as the appearance remains that 
of discrete nodulation, pinhead to pea 
size, without diffuse haze oc localized 
hazy arcas among the nodules or marked 
diaphragmatic restriction or deformity 
not due to other causes, the case may be 
regarded as belonging to the second stage. 

THIRD STAGHE 

Roentgenographie Appearances. “This 
stage is characterized by a diffuse librosis, 
of which there are three fairly definite 
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A Review of Our Present Knowledge of Pacamoconiosis 

Famd dintinct appearances, although all help. (2) A more [requent appeay 
Jod them moy be observed in the same s that of a more or less diffuse fibreg 

cve, (00 The luger nodules, where with evidence of rather detinite nodely 
met provalent, may coalesee into very still present (Fig. ). This appearance de 
winch Lieer and irregular masses or be not dilfer very greatly from the fiblfl';' e close topether with more or less process which represents the end resuly ¢ 
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sy e 1e il evrdent s Digre o o spots, fnsome ameas these have hoenme conglomurates 
andd i othor there e e or loss haze Tetween the nodules, The pre 
shaddo s are sttt s evidenes 

haze between (Figo 3. In this type of 
case it s sometimes diflieult 1o deaw the 
line between the s nned and third st VIS, 
The appearance of the diaphragm may 

pinent tounk and hilum 

an extensive hilateral pulmonary |ubcfl7: 
losis (Fig. 5). Although we may be able w 
state delinitely that such a case is 08€ ¥ 
pm'uulnw(mim:u from the lustory. ’n.‘ 
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| thickening mav be found, ospe- 
perpherally, in the asillary reoi 
s described plenal 

We have observed this but once. It is 
often diflicult 1o distinguish between a 
plearal thickening and a lung density 
from fibrosis or Iymph block. In post- 

pneumonic or simple pleurisies followed by 
thickening, the latter is usually found at 
the base and s quite characteristie, 
espectally when it produces a diaphrag- 
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matic adhesion The thickening accom- 
A e ontosis s uswally else- 
where, |||,1|n| up, and does not present the 
e appraranee 

(3 ”nr thied appearance, and one very 
|J|||IH nthy 1||u||||||l'n(| m this st e, I8 
HERXEA stithing one, .'||u| most Illh‘ll‘\lin;" 
from the li.tllluln;'_h al as well as the roent- 
penological st wdpoint, Ttis that of massive 
filvosts, with the appearance ol extensive 
pulmonary consolidation. There is wsually 
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Fic. 5. Chroni fityroid tuberculosis with very little activity 
ns a larpe, drreguba ¢ wity supposcd o e bronchn 

werially from that of Pyre g, and el reeard ol hoth eases mvolved and contai 
difler soe 
render an interpretation, 

one such arca in cach lung, rather sym- 
" metrically located (Fig. 06); oceastonally 

more than one (Fig. 1); sometimes 
it may be unilateral (Fig. 7); or more often 
the area is more extensive on one side than 
on the other (Fig. 8). These arcas are apt 
to be subapical in contradistinction to 
the consolidations of tuberculosis (Figs. 9 

A Review of Our Present lnow ledye of Preumoconiosis 
and 10). Slrunsrupi('.’l"\ the llhrnlicm,;. 
are found to be well within the lun 
although they are likely 1o extend ma’: 
Seural surfaces. Probably they are covened 
s thickened pleura, although this canse 

be proven nu'nl;'vnu;:r;n|)H|(':1||V. Warg, 
lrvine, Johnson and StevnartTM found the 
overlying plema usually thickened 2 
adberent at autopsy. - 

Associated with massive fibrosis dease 
fibrous bands can usually be seen extends 
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out of place, though not to the extent 
seen in some organized pleurisies. 

Rarely any other conditions than tuber- 
culosis produce fibrosis so extensive as 
is found in the third stage of PREumoconio= 
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A Reviey ol Our Present Knowledge of Preamoconiosis 105 
. . . . . .'1 

e second stage or an advance of the losis in many if not most instances. For 
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coniosis that we became convineed that 
massive fibrotic areas were partly tubercu- 
lous in origin. 

Watt, lrvine, Johnson and SteuartTM 
atate that a silicotic process seems inten- 
sified around a tuberculous area. They 
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exponence with gramite waorkers blocked |\mp').nli(« cat oft nutition and any infection may cause a fibrous area to break down, ( AVIes were frequently observed HErEnite cutters, 
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MavrogordatoTM agrees with Watkins- 
PitchtordTM and othersTM that the massive 
fibrotic arcas are frequently an evidence 
of superimposed tubereulosis or other 
infection, and states as his experience 
that they do not occur without some infec- 
tive agent, tubereulosis being a conspicu- 
ous but not the sole one. He describes the 
process, in bricf, as follows: The massive 
fibrotic areas are formed primarily of 
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i vr. Extensive fibeosis 
bare during chifdhood. M RIS 
erady. An unnsual featune was 

ageel twenty-pine 
the Taet that 

nodules with the addition of the round 
cell infiltration and granolation tissne ol 
the infective agent between them, In 
this internodular area ibrosis subseguently 
aceurs as a result of the infective process 
yather than by the confluence of the small 
nodules of silicosis. His impression o 
nwnl;-‘('nn;tl;||n||ic :||)|)(';||:nu (& l that a 
fibrotic nodule is surrounded by apparently 

A Review of Our Present Knowledie of Pneumoconiosis 

of Loth lungs due to a chrnie proccs resulting 
This was not a taberoulons case, b vl npem pre 

A sl Bronehivetasis conted be readity derects o roentges 
One would hadly be Blely to conluse this case with sificosis 

¥ PR N 

7 m 4 "-" 1,000 e 
«m ¢ TIONC FON K, 

normal lung, but in case of infecsi: - - Jne 
ift' will lhc .\cvlll lnlln' surrounded by ¢ e T 
ringe due to Ilvmphoestic and poiym E gl 

phonuclear infihrullinn.- ey, : ¢ 1\‘ ',,. 
GardnerTM o animal experimentasy Joir & 

found that the simultaneous iafa;:~ oater 
with mild strains of tubercle baaily 'u} flue 
the presence of granite dust silicosis cagned * 2 3 
much greater fibrosis, and that beel il W 
together set up a reaction that nebs! 

4 

from the inhalation Iu(n:!\‘r‘qd"_‘;:-: 

alone conld eause, cach ;upp:ucufly et T 

fovcing, the other, The wlt v a chret Sregig 
Jesion that was slow in healing. The et BRI T 
mechanism of the reinforcement ®8 e Bk 
uncertain., ; ! i 

e RIS 
NN WNT RCULOSIS COINCIDENT TUnel . ll('y,l 

1 of necessity .bl" (fl' e it oW 
connection % el This subject b 

(|lu'n(|}' discussed 
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various phases of pneamoconiosis. Cer- 
winly the two conditions are closely allied 
for the reason that pncumoconiosis 
gndoubtedly mayv produce a fertile ficld 
in the lung for the tuberele bacillus, aside 
from any (‘\l(‘ln.ll and constitutional pre- 
disposing influences, such as hygienie 
surroundings. Tubercalosis s, therefore, 
one of the most important phases of 

B 1a, Advanedd thind stage PO 
Mde, aped fifty o I here 
were nepative, the 
®AS Intensely oy 
Ot canes wy | veever ohecnad, 

‘hs"l’i“ L he disabling efleets of silicosis 
axd the brequency of taberenlons infeetion 
ffl the pesulting hizh mortality of the 
PR Lave been the outer mding serious 
Blures of prcumoconiosis, At one time 
b BT o ‘4Jll\lnul.|u‘1« in o its advanced stages 

8 reganded as o taberenlosis. More 
:!L‘tm{\. it was . \Hlllun\ul by some of wny LN | Penence limited to cortain dusty indus- 
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tries that the condition protected the indi- 
vidual in a measure against the spread 
of tuberculous infection. While this may 
bhe true to a certain extent, as in coal 
miners, we know that it is not the rule. 
Tuberculosis is most likely to seriously 
affect those in whom silicosis is rapidly 
developing, and it can be controlled to 

appropriate areat extent, thvrvfnrc, l))' 

na coul miner of thirty years® vecupation inside the mincs. 
are extencive areas of massive Lhbrosis, Althoogh re 

veas wonld probably he gencolly regoded as taberculnesilicontic i o 
e and conled sonreddy staned. Both diaphiag 

teed ©oum examinations 
. This man 

“ one of th wsowere practically fised, Ths 

‘.lin-»l the |‘|||;<l course 
ol the predisposing Bretor, 

Watt, Ievine, Johnson and Stevart’ 
state that the lability to tuberculosis 
secmed to inerease in proportion to the 
amount of silicosis present. In the earlier 
silicotic cases the more rapid tuberealous 
OUCSSES WEre more common, as ty! ¢reu- 
ous pneamonia, acute tuberculous hroncho- 

measares diveceted g 
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preumonia or acute miliary berculosis, 
These were less commonly encountered 

and the more chronic manifestations 
ol the discase were observed in men 
with advanced silicotic Jungs. Tuberenlo- 
silicotic cases did not seem so apt to 
infect other individuals as cases of pure 
tuberculosis. 

Bulletin 293, Bureau of Labor Statistics® 
states that tuberculosis apparently super- 
venes onan o extensive silicosis among 
granite cutters usually after ten to (ifteen 
vears” exposure, and it is concluded that 
granite and all quartz dust predisposes 
to taberculosis. Jarvis!' states that statis- 
tical reports for twenty years up to 1919 
conceded 86 per cent of deaths among 
granite cutters were due to tuberculosis. 

NicholsonTM speaks of a high tubercuiosis 
mortality from silica dust inTMhe Derby- 
shire district among workers in quarrics, 
miners, and stone catters working among 
rock, sandstone and other matertals con- 
taining 85 to 96.4 per cent of silica. These 
workers frequently showed marked lung 
changes from silicosts in five to ten years. 
Middieton,TM from a large experience with 
silicosis from various occupations, states 
that all evidences point to tuberculosis 
as a frequent cause of death among silico- 
tics. ScurfieldTM in 1908 reported a high 
death rate from tuberculosis among grind- 
ers and cutters and others in Sheflield, 
ranging from three to six times the average 
death rate from the disease. It was higher 
in grinders. TekertTM studied 400 cases of 
pneamoconiosis with tuberculosis among 
the workers in copper and slite mines in 
the Mansfield district, Germany. All 
showed marked lung fibrosis with tubercu- 
losis and positive sputum. They lived 
longer as a rule than others with tuberenlo- 
sis alone, and usually died between the 
aces of fifty and sixtyv. The infection in 
their familics was more active and they 
scemed to spread the disease, 

KerrTM' states that in 1906 Simmons 
investizated the Bendigo miners in Austea- 
fia and found six times as many deaths 
from tuberculosis among them as in other 
individuals, Smith® has made some very 
interesting statistical studies including 
8,006 Broken Hill (Australia) miners. He 
found that those who showed silicotic 

changes were twenty-three times g o ceptible to tuberculosis as thase “‘WQ 
not. Of 174 silicotic men without evi ¥, 
of tubercnlosis who were sent away ey 
the mines by the Broken 11l Commivgsry 
and subscquently watched, 37 devels: 
tuberculosis in two and one-half: yeun 
The subsequent infection oceurred Mo 
in those who settled in congested [P and cities. In all these cases lfic tuberes). 
sis was an entirely new infection and s 
an activated old one. R 

Watt, fevine, Johnson and SM“:.‘ 
call attention to the fuct that sputam o ¢ § 
not sa apt to hecome dried out in e, 
and remains o menace for a longer tey - 
so that miners are more exposed 10 iste - 
tion. In South Africa, Australia and sssss 
other localities all tuberculosis 
are excluded from mines and all, el 
intimate contact with miners. ol 

MavrogordatoTM thinks that miee’s 
phthisis has changed in type and pwe- 
genographic appearances i recent yews 
probubly because tuberculosis has bz 
a more conspicuous factor, Tt ofteg it 
the individual before he has hed 2 
opportunity to develop the old-fashe 
silicotic long because of the pesaxs 
control of dust in the mines. Life i &2 
shnrlvnc(l, but tuberculosis (‘omp& o 
now at a comparatively carlier stage s: 
silicosis. £ RN, 

There are very numerous other wrres: 
on this particular phase of the sl 
but space forbids quoting other st 
thin those which have been used ffil"}"“' 
poses pertainiog directly or indiredsy 4 
the roertgen-rav aspect of pncu.vm}‘lfl'-' 
It has heen, likewrse, an impossible =3 
to review all the literature covenng 
industries in which pneumoconioss =4 
been studied. Tt was our original intezi 
in this communication o present ©¥ 
results of our own experiences @ % 
roentpenological study ol several h&"ml 
enses of the condition sefected from 'f," . 
different industeics. While the M-‘;:':‘ 
we wish to present represent a "‘:: 
small number of cases compased 
enormons numbers studied in other s’ 
tics, the proup s ratherYlage lf“.;, 
individual contribution ('l"f-Z'“""“l?' 
United States, 

» 

. 

5. 
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COAL MINERS 

the largest general group of 
is cases that s likely 1o 

anvone in the castern 
- cuMOCcontosts 

g: collec ted I)) 
portion of the United States, except where 

health investigations are being 
by Jarvis at Barre, Vermont, 

% that of the coal miners. Our experience 
f.fi(h lll\' workers in this imluxlry, aside 

_[oulillc 

Cifrom consulting work with the United 
. States Bureau of Mines, has never been 
Zone of investigation, but only the exam- 
“aation of the oceasional case w hich drifts 
“into the larger medical centers. Tt has been 
‘fimited, with the one exception just men- 
“tioned, almost entirely to the anthracite 
miners of Eastern Pennsy lvania. We have 
= examined 84 cases of definite pneumoconio- 
“sis among these minegs. Six showed only 

Jifirst stape changes, 54 Tecond stage, and 
+2¢ third stage appearances. Hard coal 
Mining may, in some respects, be regarded 

“as a somewhat hazardous occupation 
from the standpoint of PRCUNIOCONIosis, 

__but not nearly to the extent of many other 
‘mining industries. Of all the workers 

eoncerned, only those in certain definite 
occupations arc exposed to suflicient quan- 
tities of harmful dust to be regarded as 

‘beingz in any danger. 
U0f our cases, the carliest ey idence of 

“first stage changes was after three years' 
< occupation, and the longest time at work 

and remaining in this stage was twenty 
cryears. The carliest second stage changes 

were found alter wwo yvears' nuu]mlinl\, 
but the average was about six to ci;;hl 

Years when examined. The longest occupa- 
ton amaony; wecond stace cases were two 
wen at forty-two and forty-cight years, 

cwhile twenty 1o twenty-live years seemed 
i L2} be the an Cerape time of the older cases 

when cxamined. The earliest third stage 
fase was ten yemrs and the oldest fifty- 

sthiece years' accapation, and the average 
*.“hcn exanined was between thirty and 

Oty venre. OF connrse, these statistics 
mean linle for the rearon that we have 
tecords of anly positive cases, md many 
Lepative peiners were examined for one 
N.\'gill‘u| ‘llnnllll‘l in '.\llnln no - poeumo- 

Oniosis was found. Morcover, it is very 
:’;‘Gfll.m! 1o u;nu«l the exaat n-ul'p,nlinn 

he individual i conl miners” statistes. 

(&
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The very dusty breakers are not nearly, 
<o harmiul as the occupations of driller 
or digger. One man \\Hm worked In a 
breaker for eight vears showed no changes 
whatever. 

The statistics of the positive coal miners 
we have examined do not differ so much 
from those of* Jarvis’ granite cutters,’ 
except a slightly longer time being required 
to produce like changes. But it must be 
borne in mind that onlv a small number 
of hard coal miners are exposed to danger- 
ous dust as compared to a relatively 
larger number of granite workers Anthra- 
cite miners’ chests with advanced silicosis 
present much the same appearances as are 
found in hard rock miners, although a 
longer period of time is required to”pro- 
duce them. One of the worst cases % 
moconiosis we have ever examined ¥ 
in an anthracite miner of thirty years’ 
occupation (Figs. 12 and 13). 

Probably most of the reports on coal 
mine dust’ pneuamoconiosis, especially out- 
side of the United States, refer to soft 
conl mining, which is quite a differcnt 
sroposition from anthracite mining. We 
ave interpreted chest roentygenograms of 

nearly 500 soft coal miners for the United 
States Burcau of Mines, and ameng these 
were comparatively few showing any very 
advanced pneumoconiosis. Exact occupa- 
tion is again an important factor, and 
comparatively few soft coal miners seem 
to be exposed to dust of a dangerous ¢ har- 
acter or quantity. The character of the 
mine as to rock and sand encountered is 
also 1o be considered. Almost invariably 
the driller or his helper were the ones to 
<how the more advanced stages of the 
condition. In these men second stage 
appearances were frequently noted after 
aix to cight vears' oceupation. By knowing 
the length of time at work we could usually 
pick out the roentgenograms of men in 
these particular occupations, 
I addition to coal minors, pm‘umm‘nniu- 

vis may be found also among firemen or 
ctokers. We have found Tairly well ad- 
canced second stage changes in locomotive 
md mavine firemen. One of the latter 

showed well advanced second stage 
chanees after thirteen years' occupation. 
These men worked with soft coal and 
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- 

presumably would not be exposed to the amoni coal miners than in industries ; same amount of silica as the miner. which the silicotic development - pess . A very interesting feature of pneumo- is comparable. = ) coniosis i eoal miners s the apparent Mavrogordato,TM realizing these face wotection direetly o indirectly allorded has attempted to explain them, [le 'neiie\: Ar ll_\ the coal dust against tubercalosis. that dust cells containing coal and oy While many coal miners with pneumo- die readily and arve digested or yn . coniosis do - contract tuberculosis, the autolysis, leaving their dust extraceilulay ‘ discase does not scem to be so prevalent i sifu. By ammal experimentation he . among them as among many other classes was able 1o prove that simultaneom 
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Fic. 13. Second stag prvumeconiosts ma ol minee of thirgy -« iprht years” occupation ontside the mines. Male, apcd fortseseven. Compare with | e 12, The predominating fotares in this case are almost as much o J the it stage as of the second. Lyniph black has not cut off drainaee to the hilum region and the b shot s e very pros 0t Lhe second stage appearance is a diffuse nodular Ghrosie thronshent each leng indivated by very soft spots. There swere no wonnsual chest symptoms in this case, 

of miners. There is a prevailing opinion exposure ta coal and silica (hl\}h "PP':”.'J among many physicians i the coal regions, 1o create o condition preventing hvatos 
and even with the laity to a certain extent, of the silica. I silica exposure preces 
that the coal miner s more or Joss prro~ the coal dust this did not oceur. |1 r‘thmb 
tected inst tuberculosis, “This disease that in coul mincees the coal dust .’nd{ the 
is, of course, more apt to prevail among lungs in dealing with the ‘-1..,'p.1r.-nuv¢|! 
those who develop silicosis vapidly, but small amounts of silica present _\\l!h X 
there seems to be less tendency to it and the latter aids in silica climinatios. 

51760 m Dl SR O S e B e O ) {' AT AT T ."fxx‘i‘;\ X 
oo R e Y ) i 
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Ve 

THe' states that coal miners in South 
“ AMfrica do notdevelop miners” phthisis 

Cipneumoconiosis) any more, as a result 
sofpreventive measures, 

“% NicholsonTM \pv:lkf of the low death 
ate from tuberculosis among coal miners 

“ia the Derbyshire district and states that 
Fodid 
o 

> 

\ 

] Fra. vg. Ihind s1a 
’ forty win. IThe 

P and evidences of thickened plo 
R hhrosis, The same appearinee 

&L 
wt 
:' y axillony horder, 

"‘?"'hls 18 peculiar to coal mining all over the 
world, e u-;(;n(l\' coal as (.rp.||n|(‘ of 
Qerting some protective action against 
tuberculosis, Middleton,TM on the other 

and, quotes CollisTM as statimg that with 
the coal workers working with canister 

A A Revigw of Our Present Knowledge of Pneumoconiosis 

around Sheflield who die at an ayerage 
age of thirty-nine or forty years, tubereus 
losis accounts for 75 1o 84 per cent of the 
deaths, Purdy® after his review of 103 
contributions to the subject states that it 
seems 1o be the consensus of opinion that 
some dusts like coal not only have no 

¥ v 
Gt r " 

o 

menmaoconios s in o eeanite enttor of twentyfee years” occupation. Node, geed 
mal ronntgenos o mdicates o ditfuae haze oo Ghrosas theough the it la 

A the base conslomerate nwdal, 
fess extent is noted at the el base, whore definite nodules 

- can ol he seene Te s unfortnnate that nodoles are so snall s to be frequontly Tost in the 
L weluerion for iMustrations, 1he fan <1 aped areas docnibod by By are 1o be seen along the Lol 

Tibrosis is heeoming 4 masive 

power ol producing pneumoconiosis, but 
may even possess some inhibitory influence 
over phthisis, MyersTM in studying the vital 
lung capacity among bituminous coal 
miners found no appre iable decrease in 
capacity below the age of 46 years, or 
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2} vears’ seivice in the niines. Any lower 
averages after these periods were attrib- uted more to age than to o cupation, 

HARD ROCK MINERS 

This group of workers is the most important in any of the dusty industries the world over because of the danzeraus character of the dust and the number of individuals engaged. Ouy personal experi- ence inexamining such individuals is limited to one case (Fig. 7), althourh we have intorpn‘lv(l roentgenograms of about 600 miners for the Bureau of Mines and others, These included wor kers in gold, iron, zine, lead, copper, cobalt and nickel mines. The appearances found have borne out the statements previously made in connection with such workers, A Zreat 
amount of writing has been devoted to hard rock miners, and it nm.\'w:nnwd up in the brief statement that w wre the rock contains a large percentage of silica, unfess adequate protective measures are adopted, the miners, particalarly drillers and others working near by, develop silicosis very rapidly and are predisposed thereby to tuberculosis and other respira- tory infections, 

GRANITE CUTTERS 

This is a single industry, but a hazardous 
one from the standpoint of pneumoconio- 
sis. The effects of granite dust inhalstion have been most carcfully studicd from the roentgenologic standpoint by Jarvisn at Barre, Vermont, which he states i the largest granite center in the world, Our personal experience in this industry ncluded only 5 cases examined, but their roentgenograms show the essential features which we have seen in the films 
of Jarvis' eases (Fiu, ). Granite in the Barre district, according 1o JarvisTM con- tains 69,56 Per cent of silica, and most of the dust anses from the finishing of the 
stone: by the pncumatic tool. Statistics 
quoted tom him® on the ae petiod will 
serve to show the early incidence of lun;: changes and advanced silicosis and to indicate the relative dangrer to the workers: 

Earliest fiest stage findigs under 
year at work and greatest number: 1o 
to 20 years, 

A Review of Quad?resent Ruowledze of Pnenmoconiosis 

Farliest second stage findings 3 4y, - years at work and greatest Nmbers : to 4o vears, % Larliest third stage findings 1p to 43~ sears at work and greatest Number; N 
to o vears, 

PP | These occupation period statistics dy ! not difter greatly from our own of advaneed sthicosis in hard coal miners, but 3 rels. tively much greater number of the grinme * workers are exposed to silica- caring dug than is the case with anthracite Minen in general. Jarvis® statisties are possibly not so bad as those among some of the ha- rock miners, but they are much Wone than among potters. The Irequent inc. dence of tuberculosis has been referred 1., Jarvis' calls attention to an nterests observation which we have not fi P elsewhere and have not noted rsomafly . and which must be peculiar to the grani'e cutter. He describes in the lungs of mars workers an area of increased lung change below the left clavicle and at the risbs base. He ascribes this to holding the pacs- 
matic tool in such o manner that g 
rizht upper chest is compressed by the 
right arm and elbow and the left Jowes 
chest by the left elbow and torearm, thes 
limiting costal expansion in these 1wy 
areas and permitting more dust to g 
to the opposite lung areas, v hich showes 
the greater changes., 

POTTERS 

Potters have long been knownasagrep A 
of workers in whom incapacitating lunz 
conditions are prone 1o deselop in time andd 
have been regarded as more or less subjut 
to tuberenlosis. A roentgen examinatios 
of the chests of a group of these workers 
who have been so occupied for a lonz 
period of years will readily demonstrate 
the correctness of the first of these twn 
apinions, at least. As a matter of fact, 
they <hasw as advanced silicotic changes 
as workers in any other occupation whié 
exposes to silica dust inhalation, but 
development of these chanes TequiTs 
a much longer period of time than in man 
other accupations such as hard rock miners 
fire-brick “workers and metal grinders. 
This industry is somewhat diffecent from 5 
many of the others in that the wor ”“ 

| 
| 
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'..fitifl the open in buildings and the hazard 
& in a_great measure, more readily 

lessened. There are several w ayvs in whic 
the dust may be produced. For the most 
owrt, picces of elay are dropped on the 
foor or benches and dry. and become 
pulverized and the dust is kicked up. 
One can sce how this might in a measure 
ke avoided. The grinding of the finished 

& difluse Gilresis throug ot hoth tun %, with awa 2l be scen. The diaphy This man w s 
s e e bmmed aned were 

Eiducl is another source o dost. T he 
n '(N‘“I\ Illll L"ll‘\ are AR AY "l”'l"‘ urces of oy toand ao doubt more dithie ult W contral, | e the five brick na play 4 additig, | part, 

he percentase of stlica in the material “':j oot yepy 'n-ll. hence the lonrer i";{""' ol time required 1o produce l:;t:““.“ stheosic, NicholsonTM states that 
Potlers in I peliyned work with a mistue 
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of clay, flint and Cornish stone having a 
free silica content of 10 to 25 per cent, 
and that it takes twenty vears to produce 
much change in the lungs. Landis regards 
the pottery industry a good risk with 
proper care. He states that the effects 
on the lungs are most noticeable after 
forty years at work, and few workers 
remain at their trade after the age of 

S Y R T o R } 

eaw 
sane pncmmovonionis in a potter of fortyfive years' oceupation. Male, sped fifty-five. There v ol massive fibwosas, Some of the nodular ibrosis 

ot fixed. The medincringl structires i dictorted, ncapaenated for work. Repoated sputum examinations were neprative, 

sinvty, heings e ipacitated by pneumo- 
COMONIS o superimposed tuberculosis, 

We have examined 38 potters showing 
defimite evidences of pncumoconiosis. Nine 
showed first stape ('h:lll;_’,c'\, 28 second 
stage and 21 third stage appearances, 
Thirty-cight of these were referred to in 
the veport of our o work with Miller and 
Landis in 1918." The earliest evidence of 
fiest stage changes was aftee three years’ 
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16 A Review of Our Present Knowledge of Pacumoconiosis 

occupation and the longest time at work 
and remaining in this stagewas thirty-five 
years (Fig. 10). There was a great varation 
in the occupation period in this stage. 
The carliest second stage changes were 
found in a kiln man alter three years’ 
occupation, and the longest occupation 

R 

Fra. 16, Fist st prenmogoniosis in i potter of thirty-five yoars' oceupation 
the one shown in Figure 15. The 
t trunk shadiws thicke ned, 1 

s, Clinien 
seven. This case 1s marhed contrast 
preatly ancreas A i extent and the adjace 
Found acdherent, hut from other can 

stogn of il 

amongy '.r-nnt' shigles Cises Wk |l)|l\ )l‘.ll ». 
The as erage occupation period was twenty- 
siv years when examined (Fig. 17). The 
earliest third stage ease was l\\:-ul_\-l'uul 
years' and the oldest siaty=seven years' 
occupation, and the average when 

fly the man had a 

‘ Capren el swelling of the feer and ankles for two menths 
Toor Al the appearances, which uy I practically identic Wi both prssive e 

examined was forty-two yey : 
and 18). These sl:ulislicfl.:u.g-“ ‘:‘F‘ G-l 
not exact, as they do not in(lic.\'u ‘-)(:;N 
carliest evidences of the stages sta e 
they represent records of only e ‘ 
cases and represent individuals F&Q % 

: 
t 

up conveniently for examination or theng 

Male, aged Afty- 
hilum shadows are 
bt diaplivagm was 
A hael complain® 

tion gt aceount 
Sien aned the st 

heart 

who had diifted into the |u|-‘pi|.‘|| (.)I"W 
oflice lor examinations for other conditions 
Lyvery potter examined showed somé 
changes, however. We do not know 
tubercnlosis records, as we had no check 
on physical lindings in most instances 
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carliest second stage .l\amm found ater one year'’s occupation ane another man showed very advaneed changes afeer three and a haff years at work, The longest 

stage cases was The average occupation hen examined, 
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and the second Cise \'um’l'(, oxtreme changes with massive consolida- years' oceupation (Vi 

actorin the pneumocon- 

./ 3 A Review of Our Present l\'nuwlcdgc ol Pncumnfnnir)sis’ . 
. 

"'".:.'\- F TMETAL GIUNBERS AND METAL nDusts 
Cong ¢ 

g 
b fwhen i, i The grinding of metals, especially tools 

ECS St “and wparts ol bc.mn;;%, seems to he an 
I posisy, mdustry which) in our Cxpertence, is occupation among second 

wals g, “epable of procducing carly and rapidly twelyve years, 
stion or g}y, developing evidence of Pneumoconiosis, period was SeVen vears 

~We have examined 2} of these workers, One of the third stage cases had bee ke 

e 

% 

1 

aeed Lify 
LT YR 
heaem w, 

exanplii o} 
Bt acconne 

y 
SHe pncmocaniasis in a witter of g 

ad the piee 
Hse e neelolag filyo 5 L-ll- Fanges, comew g wrene narked on 1 f,, vieht side, Firse 

RS a0 s till i eviddenes, Fhis WS Ot e pacityed becanse of hi- chest condition, 

Meute polyachyitis, mpia } .' 
::-‘lnd 10 shawed first stoppee Mamgres, 4 work five yoars 

-"" “"*i . 
.\“fi‘(lml Shape g o thive < A appearanees, 

fl"“," 
O v hicar fiyag stage changies were lound tion afyer eight 

~-l' T Ba man afie ten momt b’ acenpation, o OF course the exact occupation s 

BT 2l 4 and yf,, lomgest time atwork and v NENING g very mportant | 

wt o 
hathy o, e was thirty-seyven vears, “the tosis i these cases 

1 
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418 A Review of Our Present Knowledge of Pneumaconiosis 

We are uncertain as to the exact agent 
responsible for the rapid changes in the 
lungs of these workers. We strongly suspect 
the grinding tool as the chiel one, but the 
metal may play some part. Sandstone is, 
of course, very dangerons, and MiddletonTM 
regards sandstone wheels as the most 
dangerous of all abrasive wheels. Car- 
borundum is a silicon carbide containing 
little or no free silica, but the substance 

St A 

second stage cases did not show 
evidence remaining of first Stige Apoeey, 55 
ances, suggesting that the Periphesy 
Ihmph vessels were block e early, T density of the nodular shadows i 
frequently striking, and the question by 
often arisen as to whether of N0t Froy 
metallic dust plays any part in the pee 
moconiosis or in. the density by 
shadows. ) 

. o s y T . Fre o8 Third stage prenmoconioss in a potter of ity thece veans® cecapation. Male, agod sistyvetun Ad nodalir filirosts a5 Breeoming complomerate hut there s me areas of s e hibeosdss Diaphgmate eveess 
was Lty good. Bvidenees of even the fust stge aee seill preesent, Fhis s not an sdvanced thed stage o 

used in holding the carborundum particles 
together i the Torm of wheel or abiasive 
mstinments may contin silice, Finers 
hikewise does not contain silica but the 
same rema ks apply ot 

In roentgenograms of the lungs of wictal 
grinders showing second stage Appearances, 
the nodular shadows are usually small, 
discrete, clean cut and very dense. O 

b this connection, Gras and Tabk 
,l.'\v' Il'"'ll('l' a4ocanse uhi( h \\ml'l’ s 
to b prool of the production ol ppevay> 
contosis by metal dust. A Temale, ame 
Iy, was examined for o chest injurs- 
Inadentally in the otherwise negatt® 
chest they found small dense shadoe® 
approsimately 2 mm. in diameter s 
tered ll\rmq;h both lungs from apices € 
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diaphragms. There wege no svmptoms 
relerable to l(|u- appearance. On investiga- 
tion they found “she had worked for 
three vears handling and helping in print- 
tne of cigarette yackages on which there 
was considerable bronze work. The 
material was used in |i(||'|i|| f...m';.nd wils 
irequently spilled and dried, leaving a fime 
dust. After a div's work she could taste 
metal and her sputum was said to be 
brownish. We are familiar with this case 
and can vouch for the above statements., 

In connection with metal industrics 
“we have examined a few stove piate 
moulders and foundry men whose lungs 
have showed well-marked second stage 
chanees alter a number of vears' occupa- 
gon. \We have regarded the appearances 
ssmost likely due to sand. 

P2 PRICK WORKL 1S 
“The constituents of brick are suitable 

for the production of PRCHMOCONIOSIS. 
Ciavs contain hyvdiated aluminum silicate 
sith more or less sand or free silica and 
1few other ingredients, Sand is a necessary 
wastituent ol brick ¢lays and may con- 
gitute quite a high percentage. Fire 
hck mistures usually contain more cand 
*kan the clay for building bricks, and the 
onstituents are often mixed dry. 

MiddletonTM reported silicos is in 18 
slica brick makers. Purdy ' quotes CollisTM 
R_islali:n' that almost pure silich occupa- 
wns ike silica brick making have a 
'.'_zh martality from tuberculosis, while 
gith. workers in amistares of silica and 
day as used in ordinary bricks, the mor- 
ulity is very Jow. We have had no personal 
“pericnce with pnenmocontosis m brick 
sckers. One man who had worhed con- 
tnuoush as a hrick maker for forty vears 

was recently examined by us and no 
wanges of o silicotic nature were found 
A the funi <. On the other b vedy we have 

told by athier ek werber that many 
a't!"'ll COMmPr NNy who had werhed in 
e inductiy for a long time wore ahlizred 
Lastop because of Tungg troubles, We have 
v mformed of one individial whose 
*upation was the replcement of e 
':“ in a steel mill Tumace amd who 
,"?'"""‘ clinical evidence of advanced 
“monary fibrosis after many years of 

e 
A Review of Our Present Knowledge of Pneumoconiosis 

such occupation, The dust was always. 
very dense and he had worked longer at” 
the job than any other man he knew, all 
the others having been obliged to stop 
because of lung troubles. 

CEMENT WORKERS 

Anyone who has seen a_cement factory 
in operation knows that it is one of the 
most dusty of all places, and yet the 
industry cannot be regarded as a hazardous 
one from the standpoint of pneumoco- 
niosis. There are several distinet occupa- 
tions in this industry, especially those of 
coal handling, rock grinding, cement 
grinding and the packing and handling of 
the finished product. With Miller and 
Landis' we examined 20 cement workers 
several vears ago. Five of these showed 
possible first stage changes and the other 
15 definite second stage appearances. 
The carliest second stage changes were 
found in a packer after seven vears’ occupa- 
tion and were slight only. Of the men 
longest at work, a cement grinder showed 
slight second stage nodulation after eigh- 
teen years and a kiln room man |nv<(-nl('d 
very definite nodules after nincteen years. 
All occupations showed some changes. 
One would expect the greatest effect 
among the rm-L arinders, although the 
rock contains but a comparatively small 
percentage of free silica. We cannot, of 
course, tell what changes might have 
been found had any of the men been 
working thirty or forty years. The 
second stage appearances were variable, 
come of the nodular shadows heing small 
and diserete and others “soft” and com- 
paratively lavge. 

CASBESTOS WORKERS 
Ihis is another very dusty industry. 

Ashestos is a magnesium silicate, and the 
vock that s erushed contains more or less 
Free <ihien, 1o which the workers mav he 
exposed all the way throngh the process 
of manulacture to the fimished |nm|url. 
Cook" deseribes ashestos as a calcinm 
and magnesiom silicate, with jo per cent 
of free silicn among other constituents, 
This percentagze no doubt varies i differ- 
ent localitics. Cook reported one ashestos 
worker who died of a pulmonary condition 
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J0 A Review ol Our Present Knowledge of Pocamoconiosis » £ 

alter tuenty years' oceiion, T'he roent- 
penograms showed extensive pulmonary 
fibrosis. Macroscopically the Jungs were 
densely Librosed and showed caseation 
and cavities, and microscopically tubercle 
bacili were found in o caseated areas, 
I'rom our own experience we would regard 
this as Lirgely a tubereulous case. 

With Mifler and Landis' we examined 
17 ashestos workers, 2 of whom showed 
first stage changes and the other 15 
definite sceond stage appearances. Of the 
men lonpest at work, one after seventeen 
vears' occupation showed very definite 
diftuse, “sofltTM spots thronghout both 
Jungs, and another showed about the 
SHme appearance alter fourteen )‘c.’n‘s' 
occupation. Very slight nodular shadows 
were found in one man alter only two 
years” occupation. Most-of these second 
stage cases showed also well-marked first 
stage appearances still present, indicating 
a persistence of free dramage hilumward, 
In all inctances the nodular shadows were 
chavacteristically “softTM and varied con- 
sicderably insize 

CARBORUNDUNM 

We have been unable to obtain any 
delinite information in regard to the condi- 
tion of the lungs of carborundum workers, 
Holmes, who investizated the industry 
at Niggra Falls, NUYL, regarded the dust 
as injurious to the fungs, and the reason 
why workers were not affected 1o any 
great extent was because of the labor 
turnover. Few laborers remained at work 
sufliciently long to acquire serious damage. 
He described the entire industry as exceed- 
inzly dosty and @G analysis showed 
that the nember of small particles were 
far bevond a safe timit, The shaving rooms 
where the abrasive wheels were eut down 
before going to the baking kilns showed 
the greatest hazards, 

Gardner” deseribed the carborundum 
plants as very dusty, and =5 per cent of 
the puli\"\\ were Iy mictons or less in 
wize and therefore suitable for cellala 
disposition. By antmal expertmentation 
he found that carhormndum dua seached 
the teacheobronchial Tymph nodes and did 
produce fibrosis there, He was unable to 
find a true fibrosis in the lung parenchyma, 

but if v.\h-n§i\v inhualation 1k, 
was developing, a decided po 
fibrosis resulted. He concluded thy e undum dust was harmlesy 1y 1'f,¢‘~~.fi 
lung:. Bt 

In the manufacture of Carborgsd ¥ 
a minture of sand and coke 15 1used 1o 
clectric furnace. The resulting :“ is a crystafline and amor )hnusw&{'.:. carbide (SIC) which is .\:Iil! 0 be &: 
free, After Jeaving the furnace the ey 
procduct is erushed and ground. In maling 
abrasive wheels and stones the Paitici 
are held ln;_'l‘lll(‘r I).\‘ some Subfl.\q 
like porcelain, then shaved or cur &1' and fired in a Kiln, The substance lx.'d,.‘ 
the catborundum particles togethes 'f 
likely to contain silica, which may be'm 
free when the wheels or stones ;R 1\ 
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for abrasive purposes. : 

LINME DUST g | 
NicholsonTM states that the inhalage . . 

of lime dust in the Derhyshire region day. | 
not produce any extensive lung fibrods 
I s soluble in the body fluids, Roentzesa 
grams showed a0 dilluse mild fibean 
probably due to a somll amonnt of fres 
silica present. Pordy TM in his review 
the literature on silicosis found that de=s 
like plaster of Paris and lime stone wex 
regarded as devoid of all harmiul actow 
on the luags. We have had no experiesa 
in the examination of lime stone workems 

MISCELLANEOUS INORGANIC DUSTS 

We found second stage appraraness i 
one charcoal bumer of many vears” o 
pation, but the exciting factor in th 
mdividnal is unknown, 

One flint geinder in a sand paper waks 
howed advaneed thivd stage change 
after ten years' occupation (Fig. g). <% e & 

One worker in a plaster works 
third stage fibrosis, 

One man who had worked in a walk 
paper factory ranning a wallpape? 
machine lor six years showed second e 
.‘lll’lt‘.ll.‘rl)(l‘\. . 

We have been informed that pneum 
comionin T been observed among ¥ 
workers, and also in cotton mill workes, 
especially those who open the 
No donbt there is acertain amount ol 
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glica in the dust to which these individuals 
are c\'poS(‘(l. -3 

There are undoubtedly a large number 
of other industries in which the workers 
are cxposed 1o .\Illf'.‘l and other (_lus.ts 
apable of producing pneumoconiosis. 
When one considers that even the farmer 
in sandy soils may develop a mild silicosis, 
the number of industrics exposing the 
workers to pneumoconiosis producing dusts 
must be almost endless, 

ORGANIC DUSIS 

In 1917, we examined for Miller and 
Landis,' in connection with the occupa- 
tional clinic of the University of Pennsyl- 
vanta, the chests of g wood workers, 19 
textile worhars and 13 f0hacco warkers. 

According to our experience, wood work- 
ing i+ not likely to produce anv very 
marked lung changes, cven~alter a long 
penod of time, unless sand is used. ard 
woods do contain inorganic substances, 
and most of the men cvimined were 

“workers in hard woods, One individual 
showed ery evident fiest stace appears 
ances after an occupation of forty years 
without sand. Another showed third stage 
chanees after twenty-two vears with the 
te of sand. The two oldest workers, 
fitv-fonr and fifty-six years respectively, 
showedd detinite cecond stage appearances. 
Both ware sanders for at least a part of 
their time at work, Usually the second 
stage mottling was small and “soft.” 
Pincherle ' examined 20 wood workers, 
of whom 1y showed ohid chances in 
the respiratory tract, = bronchial catarrh 
and 7 had asthmatic attacks, 

O the 19 textile workers, o showed 
possible lirst stage changes and 10 definite 
second stagre nodular shadows, with charac- 
teristic small, “<oft” <pots. In the latter 
group the (st stage appearances were 
still in cvidence, and frequently more 
marked on the left side than the rieht, 
e reverse ol the carly second stane 

Appearinee Phic micht be ovpeeted, 
wever, Ouly 2 ol the secomd <tase men 

showed very marked nodular fibrosis, 
and they had worked eleven and thirty 
Years respectively, 'l he oldest was Tony 
Years at work and showed slight but defi- 

A Review of Our Present Knowledge of Pneumoconiosis 121 
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nite changes. One individual of forty-two 
years' occupation showed doubtful first < 
stage appearances. Landis TM in commenting 
on these individuals, states that organic 
dusts, notably those to which carpet 
weavers were exposed, and in whom some 
changes were noted in their lungs, showed 
by analysis a large amount of inorganic 
material which was probably responsible 
for the lung changes: He examined the 
autopsy protocols of 50 textile workers 
who had died in three hospitals in Phila- 
delphia and found that while 4 had died 
of tuberculosis and 4 of pneumonia, there 
were no recorded respiratory tract diseases 
as the cause of death in the remaining 
number. 

Of the 13 tobacco workers who were 
examined, only 3 showed any changeses 
that could be construed as sugzestive of 
even the first stage. Palitzschy 
a case of a chronic pulmonary aflection 
supposed to be pneumoconiosis caused by 
inhaling the fine powder from a cigarette 
grinder. Tuberculosis was excluded. 

In further commenting on organic dusts, 
Landis®TM states that organic dust, per se, 
never produces pneumoconiosis, although 
some may cause asthma and other condi- 
tions due to direet irritation. 

In connection with the subject of 
nenmoconiosis, briel reference may be 

in order to the roentgenologic appearances 
of lungs following exposure to irritating 
pases. We had occasion to examine a 
few cases for the Occupational Clinic 
during the war. We found that usually 
the trank shadows were more pronounced 
and sometimes the linear markings became 
prominent. In a few instances the hilum 
shadows secemed to be inereased in extent 
and prominence. Gases will not produce nmlu‘ar fibrosis. In interpreting first stage 
changes in - suspeeted pneamoconiosis, 
which is frequently a doubtfu! interpre- 
tation, one must be sure to eliminate the 
possibility of the appearances being due 
to other iritants than dust., 

Tn conclusion, we have attempted to 
review the entive subject ol pneumo- 
coniosis from the pathological and roent- 
genological standpoints, to place our own 
group ol cases an n-nn'(l, and 1o urpe the 
more widesspread study of dusty industries 

LB VI b 

n-p‘,.rmd - 
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J22 

by roentgenologic investigations with a 
view of lessening thesdangers to which 
many workers are exposed. 
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