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In & number of scrial investigations an association has been demonstrated bLetween
the development of benign ealeific pleural plaques or maliyuant diffuse niesothclioma
and slighl inhalation of asbestor dust, often some 20 or 30 years previously. As the
industrial usc of asbestos bas increased enormously duriog the last few decudes, s rise
in the frequency of mesothelioma—which has hitherto been rare—is anticipated in the
near future (Thomson, 1962). From the £landpoint of epidemiological rescarch con-
i ceruing asbestos expaosure, the demonstration of ealcific plaques on rocntgenograms has
proved a uscful criteriou. So far, only en associalion has beeu disclosed, however,
notl aa obviaus causal relatiousbip, Other pathogenetic faclors, still vuknown, have to
be taken into account either as a contributory or the sole cause. T2 occurrence of
1 bilaterul ealeific plaques docs not yel imply the presence of ubeslosxs-',mcu:noconio’sis.
In the majority of subjects who have not been occupationally expoiad to as-
bestos, pleural calcification is not combined wilh pulinonary chaoges or signs of
pueumoconioss.

Occupational Exposure (o Asbestos and Pleural Plagues

In rocntgenographically visible form, pleural calcification is relatively rarve.
The miost comumon causes are hemothorax, pleurisy  (usually tubereulous)
and chronic empyecva. Tn extensive roentgenological :scries the frequency of
pleural calcification has been reported to be about 02% (Floyd and Hepburn,
1939). It has been estimated that the lesions are bilateral in every fifth or cighth
case (Claus, 1962).

Bilateral pleural ealeification attracted more geueral interest when Sicgal
et al., in 1943, reported that they had obsecved this condition in 6.3% of tale
niners in the northern areas of New York State (St. Lawrence County). The
theory of a causal relationship with tale in this region, in the form of a fibrous,
ashestiforin mincral, tremolite, was advanced. It was not until 12 vears later,
however, that bilateral pleural calcification was agnin deseribed, this time by
Jacob and Rohlig (1935) in 3% of .asbestos workers in Dresden. Independently
of these authiors, the Danes, Frost et al, in 1936 dirceted attctiZin Lo he astocia-
wut us ieutatua UAPUSIEE Al proural caleication, Lnoa series of 31 insulation
workers they detected 11 cases of plenral ealcification, § of which were bilateral.
In the insulation matevinls used, ashestos constituted an cssential clement. In
many Iater investigations an azsociation between plewral caleifieation and eox-
posure to ashestos has been demonstrated. The wo-t ingiortunt stelislics ou
! pleural plagues and a<heztos expasure are lizted in Tablc ).

It fas been fonnd that the more severe the degeee of picwnorcniosi- ob~erved
awmong asbesto: workers, the higher 1= the [requesey of ploucad cadeification,
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 Miiller (1962) deteeted plearal ealcification in 656 of o group of workers who
showed the slightest toentg nageapliie degree of ashestosis, while the corresponed-
ing figure was 38% in a group who had pulmoniay changes of the severes:t degree.
Among 1117 members of the Heat and Frost Insulators and Ashestos Workers

Union in New York, Sclilioffl (19G3) found 130 cases of pleural ealcification. Of
these, 143 were in a group of 393 workers with a history of more than 20 ycars’
‘exposure (o asbostos. Among those who hiad been a shorter time on the job, only
5 exhibiter! pleural esleification. Selikoff observed, morcuver, that calcification
rarcly occurred without fibrosis of the lung parcnchyma—asbestosis—being pres.

ent as well .
The najority of investigntors hold the view that rocntgenogmphieally dis-

cernible pleurnl enleification is a sign of asbestosis (1) if the lesion is bilateral,
and (2) if there is no previous history of hemothorax, tubereulous or other
pleurisy, or empyema (Frost et al,, 1936; Hurwits, 1961; Anspach, 1962; Lawson,
1903; Oosthuizen el al.,, 19G1). .

Under the last-mentioned conditions Sclikoff (1963) regards unilaternl ealci-
fication, ns well, as strougly suggestive. The association with asbestos is brought
out by the fact that not cven in large groups of workers in gold, coal, copper,
iron, chiroine, nnd mangancze mines was any typical eaze of pleural calcification
discovered by Ilurwitz (1961), who investigated the chest roentgenograms of
workers at different mines in South Afriea. Those subjeels liowing caleifieation
were jnvariably ashestos workers.

Glasswool nnd rockwool, which are commonly used us insulation material in
the building industry in addition to asbestos, alio veeur in disintegrated forin
as fibrous dust. Ifowever, such duta as are available snuggest that they do not
scem o cause pleural ealeification cven after protracted exposure (Bjure ¢t al,
1064).

On the other hand, it is noteworthy that asbestosie and pleural calcifieation by
na means invariably occur in conjunction. Of 36 patients with pleural ealeifien-

tion deseribed Ly Iourihane et al. (1966) from the Tondon Ilospilal, only 7.

exhibiterd asbestosis— pulinonary fibrosis. Further, these authors found .only 8
cases of pleural ealeification among 36 patients with ashestosie. Cartice (1963),
also, mentions that the majority of Canadinn indnstrial ashestos workers with
pleural caleinosis showerl no aigns of ashicetasie, and that {n most enses of as-
bestosix, plenral ealeifieation wax not deteeted. Morcover, Cartier drew attention
to the fact that of 126 Canadian asbestas workers exhibiting pleural caleifiea-
tion, 907 had worked at one or the other of four smaller mincs, while only 10%
came fromea Taraee wine with 1600 wokers, and na ease of ctleification was oh-
serveld nmong 1800 workers emplayed at the biggest mine. From this Cartier
conchidud that the factor eausing asbestosks iv not the same ne the factar that
leads to plenral ealeifiention. Fehree (Miiller, 1058), too, sintel that icgional
factors or cantributory factors relating to the particular indudry may b of
importanee to the development of plenra) ealeification, since some investigators
sce these lesions in abumdanee white athers observe none, Tle snpqmrmr that
iliﬂ'rrcuf composition of the dust invalved might afford an (-.\pl:m.:tinn to the
irrepular acenrrenee of caleifiention. Neverthelere, ic may he regapded ac es-
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tablisbesd that )l Ly~ of asbestos may be axsocialad with pleurnd enleifienation
ginee it has been detectes! in both serpentine and amphibole ashestoe workers and
in workers cxpo<ed to tremolite tale dust. Calcifieation hns been deseribed in
workers from the Candian chirysolile asbexlos mines (Cartier, 19G3), in workers
from the South African crocidolite minex (Sleggs ef al, 19G1), and in subjocts
exposed to dust from the Finnish anthophyllite ashestos mines (Kiviluoto, 1960).

In this conncction it szconms approprinte to cmphasize the {aet that exoept,
perhaps, under Jnboratory conditions, nshestoe dust cxposure is never “pure.” The
dust is always mixed in various degrees with other dusts, as other mincral dusts.
At present, we do nol know whether and o what extent these other mincrals cause
pleural ealcification. But it should be recalled that pleurnl enleifieation was first

described in tale worlicrs who had been exposed to dust composed of tremolite~ B

tale, asbestos, and anthophyllite. Furthermore, in the studies performed by
Smith (1952), caleificd pleural plaques were found not only in tremolite workers
Lut alro in cerlnin groups who had handled various other tale mixtures
Nomnoccupational Pleurct Calcification e .
In the population liviag in the limited arca comprising the Finnish anthephy!-
oceuptional exposur to the dust having occurred (Kiviluoto, 1860). e
In a commune (Tuu.nicmi) in whicli an ashestos mine and mill have been
worked since 1919, enleifications were detected at roentgenological mass surveyw
in 095 of the adult population. In the neighboring commune (Kuusjirvi) the cor
reeponding figure was 6.5% . In the remainder of the Finnish population pleural
ealcifientions are a rare roentgenographic finding, the frequency being el imated

— -t

at only 0.5 per thousand ol population (Naunie, 1968). :
Mﬁb‘a}n:

Kiviluoto discovertd 126 cascs of pleural ealeification in a series-
asbestor area from which those who had worked at the ashestos niine or

been ornitted. The lesion was hilateral in 85% of en'sce, s
By analyxing samiples of snow, small amoeunts of asbestos dust have:

monstrated ns fur n2 27 ks from the anthophyllite ashestos mine remtionved

earlicr (Lanmanen ¢t al, 1963). It has thus been proved that the
living in the surrounding« of the minc are exposed to asbestos dust.

of exposure, hawever, nerd not nccessarily be precizely the n.«lmtos—nﬁ-ut‘,_' Cen

tain obscrvations scem to indirate that scattered asbestos rocks and -stéaes oc-
eurting in great numlses in this area may be a rource of ashertos dule o
el lrawn faet that thewe inconttustible clonee have heen nzed hy "\e local
population o1 Ui constiurtion o hreplaces and stgvey, untia CEpCCIALY 1oF e

€.

i gdg ) 0gLS -

heated stanee in the Finniah bath (“snuna™ on which watcr is throwss fiboeder -

to pruduce steam. Tt is also known that the ehildren like plaving with-voch
rones, faseivated by the way they split into fan-like it when cuf, Cﬁh'o-
qnmll)", the aefn-;(m expesure of the inludilints of this arcn mav have eon-
eneed fn o corly elillowal, Ty Eaunin's (1906 oo e 1y pieara
ealeifieatinn, the ave distiibation of lh--gc:::ci’!‘T‘:"l‘!‘i‘l‘.":ml:):':.‘,ft:::::b(l:;f'~l"!"fﬂh'
indirntes that the a-besto- evpmianie of (he older ame Froups, inoany ém—
letve Lapun bofare the exploitaion of thae aobesteo. depe ity wne p!:lvrlmf. -.'- .
Similnr crelomie planal caleifieation hae receatlc heen deserilna] in "bg

- !
b iS5

lite asbestos deposits, t, pieal bilateral pleural caleifieation is common: without - 7=

ST0011696



¥ 13

ASBESTON AND PLEERAL PLAQU -

where 2 high frequeney of plearal ealeification wasy notedin the japalaticn (cone
risting maindy of fanmers) living about a ol atatos ine, Tn thic case, too,
it wase sugomestad thot the nabestos content of the soil wasw more likely ~ouree of
exposure than stniospheric poflution derived fram the wine {Zolov of «l, 1967).

- Fademie pleural ealeifieation in an urban population cesiding near an a<bextos
factory is dereribes] in Anspach’s (1962} roentgennlnzival studdy in the cily of
Dreeden. Awong 244 subjects with pleural ealeification 177 Tad a listory of ex-
posure to ashestos dust due cither to working at the w-bestos fuctory or to living

within a mdius of 1500 m from the factory. ]
Fadetnie pleural calcification without known cxposure to ashestos dust has

also been deseribed. In two arcas in Czechoslovakia, i.c., in the district of Pacov
(western scetion of the former Jihlava region) (Hromiek, 1962) aud in the
district of Pclhrimov in south Bohemia (Marsova, 1961), bilateral placque-like
pleural ealvifieations were found in relative abundanee during rovitzruological
mars surveye of the rural population. Neitiier fibrosis nor any other disease of
the Jung was obscrved in these cascs. Hromek was unable to traee nny ashestos
expoeure, and Marcova succcedud in suggeeting only unceslain exposure to tremo-
lite tale; The soil of the district of Pelbrimov being poor in calcimm, farmers
= import, from the neighboring district of Chynov, n fertilizer ealll “Kaleofen,”
2o =~ Which containg small amounts of tremolite tale. Marsovi tater studied the oceur-
‘.. rence of calcifieation in the district of Chynov; the frequency was only 0.3%,
while it wns ns high as 4377 in certain arcas of the olistriet of Pellirimoy,

At rocntgenological minse surveys i the area of Teipzig, Neef (1063) deteeted
33 typical cases: of bilateral plague-like pleural ealcification. The whole scrivs
comprised 111,069 subjects. Caleificd pleurid plagues were niore frequent in woinen
thaa in men, a phenamenon whieh also wis noted by Mar-ovit in Czechoslovakia,
No changes justilying a dinznoxix of pucumoconin:is were ohscrvil in Neef's
easce, cither, and only four subjects hind n history of oceupational exposure to
nsbestos or tale. Neof reganled bilateral pleural ealeinosis as merely a change
of old age.

It may thue be considered cstablished that although pleural ealeification i fre-
quently zcen in workers expo-oid to ashestiforn dust the majority do nat Jhow this
condition (Miller, 1962; Curtivr, 1965; ourihane, 1966}, Furthermore, it may
Le stated that the longer the time il hns clapsed sinee the heginning of oee
cupational dust exposure, the higher is the frequency of pleural caleification
(Sclikofl, 1963). HHowever, plague-like hilateru] pleural ealcification cannot he

regarded as identienl with a<bestosis, sinee in unseleeted naterial from rocutegen.
ALcvced hacn nndt i v od ante the 1v1r||m,

L6911001LS
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In the majority of cases the chnnges are oL ire0e i lvd WaH IO e 1 el
of the Tung, nar o they cause any subjeetive or ohjective s¥mptom- or signs of
nsbestosis (Kiviluote, 1960; Raunio, 1968). In wome scries of nnrorcupational,
cndemie plaque-like pleur., ealeification, cxposure ta ahestae has by en uneer-
tain (Mar«ovi, 1961), or even absent (Irotack, 19623, On the other han, it
thoukl he pointel out that the role possibily plavol Ly achestas eannt be -'10-
finilely dlinnunted s long as the luume have nnt hr--l.- Eretalogio s ox viniraed
for ashe<toe filier< ar helics, .
Comprarative antop-y stinlics on the relalive frecqpuruey of ploarad (2 iques and

ST0011697
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the content of n-lu -to- it (aeliustoe Dohie) fu the Tungs have oon Ve
only i Emgland (Heovvihaoe of al, 19660 and in Filawed (N eanren, 1966). Tn
an autop-y serics from the Lowdon Hospitad, plague-Tile plearat taehonings wee
obevnved du 32 110250, T ol these eases sinadl wmounts of ashotos hulics were
recavered frou the Jung AU ean centive antopsies perfared in the saue hospital
ashestos borlies were detected in 24.3%¢.

The Finnish investition wies pe rfonn- ol on a tolad of 438 consecutive autopsy
casts at three contral hospitals sitdated fue fram enel other in different parts of
the country (Mcunman, 1966}, Oue central hospital distriet inchules antho-
phyllite ashestos depo-it:. Ihe frequencey of p!cur.\l Plaques was 39.3% in the
wiole material, the range teingg from 13 to 37%. The Tungs were exiunined for
sshostinv bodics at tho-c two hospitals where pliaqque: were moat frequently seen.
Yliis scrics comprised 229 ca-es, Pleural plagues were obhsevved in 124, In 79% of
these, arlieztos hodics were found in the tungs in varying, mostly shull amounte,
Accordingly, ashustos vi- not de mous(r‘\lul in the lungs in all eascs showmg
 planues, and:en the other hand, plagger ware aeb IBvaTMbIY Toum! in the cases
J,;_q_,,h_ cxlutnlmg uhv‘tos Lodie<. In the whole material a<hestes bodies were observed

T in 67 B%“

S The sevies from London and Finland thus diffee in eertain 1espeets, To the
R YT Phmdsh study the Trequeney both of eases shoning plaques and enses with as-

bestox in the g was hizher. Morcover, in a proportion of the eaces with
tos was not demons-tinted in the Jungs, while in the Londun

cas e
TS

- placues (2157), a<br -
acrice ashestos wits found o the Jungs in all ei-es showing plaques,

Ta respeet to anatomic structure, the pliques were identieal in the two =eries,
They also usually shoved ealeifieation varving in degree in both, In the majority
of cazcs ealeifiention wis no! Leave enanpl hawever, to minke the plagues vidhle
on routine ehest raenty na=a-,

Aunother noteworthy  difierenre bvtween the Fiunish ecrics aud that froom
Loudon i that in the latrer alinost hall the caces with placues showed clinjeal,
or in any cvent histolizieally demanstrable, ashestosis (pulmonmy Glinsis). In
the Tinuish scrics pleural plirpees weve not a-sociated with fibrosi- or any other
chronic diceace of the luug Consequently, althouzl in the Finnt-h crics easves
showing hoth plenral pligue s il ashiestas bdies wene highly <ignificantly niore
frequent than cace- in \\hl\h thi- rlation-hip wae not obeervad, the mnrha-mn
eamiol Le diawn tot an ancamnplicated ciausal rolationship is nvolval, The
poesibility remning that plicral pligues are due aleo to other, unknown fartors.
The same i< sugme-ted v stutistics derivet from autopey material frum the {(wo
lareest hospitale in Mlin Ahcotos Lewlic- vere found in N% of enves, plines?

) e e
The Lovabyonegingd e Appeaianes of PPlowcal Cﬂ[(":ﬁfuﬁm..t

Tooaoenty e phov et iR e o sppmenr - padehies aned oienegngs -
Strealos e plicpoes for oty of Dl patterne, wlael Love Iy

! '“.' LonhL voentnoecs o Leeshile (. 1l Yo actaal

(“‘.\rl”u nl e 'ﬂi/_cllh.
.

—yee N N LA s A . .
Gt Ahie gree o W0 T T Eote boPees pgunny l'l’«h*--'l~ T
A . [
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ol oo v oshowing Bl dond ealeifie ploval plaques,

Fic. 1. Roentgeunzr on of o 70
e had never Been an cete atos wonher, Dist Tie Bad all hie Wife Tnad in a mrgien comtanung

ashestos dejureite, at a dlictanee of 1 L fium one acbestos mine and 12 km from sivotbeer,

other ealeifie plensal chauges (1nwitz, 196; Raunio, 1966). Bilateral, sym-
metrie involvement iz very cleonctoristie (Kiviluoto, 1960; Mas~ovd, 1564,
Kelikofl, 1963; Raunio, 19060, 11 1eft side is wore heavily affeetiad, and in
wnilaleral cnses it ix the stde wore oftry fuvolved (KRivilnoto, 1960; ~clikoff,
-1963; Nwunio, 1966). The Literal pevtings of the middle and lower ficlls and the
central portion of th dinpliagm are the avas of protilection, hat in wore

advanced eaces ealeife Cans are at found on the })l.-nr;\l surface. of the 1rrie

[STREE PYTTYPRN K DATYCRN (VRN T BN O  FP ) P PR (HV VOO ST S [ T L

<treaks f\n“!)\\lln;_‘ thee shicctiony ol the nihes i the Literal Jotlions ol e o hest

(Kivilnato, 1960).
Culeific phaues nre mo-tly found on tha parciral plowa, as e wla aen
ertablizhodt anatondedty (Sinith, 1032 Felive, 1954 Kivilaeto, 1960, Woinkler,

LOGL; Nawenvt, TAGHY. The ol ity g neuady unfi i oy cvont m the

avea al plaque formaton CEeh 10300 Nifler, 10385 Kivi, oro, 190, Mg,

1966 .
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ARBINTUS AND IFLEUKAL $1.AQUIR

Puthological Analemy of Plenral Caleificutions

Groeely, the ealeifie plaquer reen in the parictal pleara, and rometimes in the
viscera) pleura as well, are porechin-like thickenings with a rhiny surface. They
are pearly white or ivory in eolor niml often projret morv or lesn abruplly, like
a platean, over the surrounding tizsue (Fige. 2 and 3). Their surface may he
cither smooth or nodular, as if packed with split peaz. The plagues show wide
variations in thieknese, the range being from about 0.3 mm to 10 mm or larger.
The variation in extent is alzo comsilerable, from anall wjxvks about 0.3 fm in
diaincter (o almost continuous plagues covering the parictal auwd viseeral picurne.
It is noteworthy, however, that the plaques scem to “avoid” the corners of the
chest, since Icsions arc not fownd in the phrenicoco~lal sinus or in the area op-
potite the npiccr of the lunge (Mceurman, 1966).

Histologically, it has Iwen established that the ealeificd plaques consist of
collagenous, hyaline, sclcrotic conneetive tireue poor in ccllr, in which enlcium
hae sccondarnily accumulated in varying amounts (Fige. 4 and 5) (Smith, 1032;
Felire, 1956; Mqiller, 1038; Meurman, 1966). The caleium concentration shows
wide variation in different plaques in the same ecase and also in differont parts
of the snne Jetion. The ealeium content, but not the thickness of the plaques, is
deeisive for their vixibility on rouline roenigenogmms. A heavily ealeificl plaque
appenrs vellowish gray nwd traneparent, aned if it f¢ peelat off from the inner
surface of the thormx, which e readily done, it feels lime-hard and fractires when
bent. Plaques with a lower ealcium content el hike eartilage and bend like
leather. ‘

Patho-anatamieally the planues eorreepond ta (he ehangex that have Jong heen
known hy pmthologists under the name of “sugnr icing” or “frusting” (German:
Zuckerguss) (Mcurman, 1968). These lesions, the ctiologzy of whieh haz reinined

obscure, have mastly been cncounterd on the peritoneal surfaee of the liver and

spleen, hut al=o on the pleurn and pericantium, and ocensionally on the intestinal
scroea (llorrmann, 1927).

Pleural plaques of the type deseribud above, as well ns “sugar icing,” scom to
develop as primarily chironic leions, ic, without any inflammatory, acule
fibrinous stage followed by a granulation-tissue stage (Meourman, 1060). Tn no
case of plagues so far inve-tigated hus an neute primary stage been observed.
Also the thinnest plagues have been founil lo consist of collagenvus hiyaline
sclerotic connective tizsue,

The accummlation of ealeimm in the plaques is obviously a late, sccondary
L B L Cleonaenphicallv nonsteable ealeifie plagues
have so far not heen found in subjeets ¥ounger than 30 yemx (Kiviluoto, 1960)
while well-developed, weakly ealeifiedi plenral plaues have been ohsot"\'cd :\l:
autopsy in an 18-year-old subjeet (Meurman, 1966). Tt is a well-known fact

Fia. 3. Thoravie eavity of an Slavear-old agiicultnral warker who Jiml of hrpatic roma
due 1o liver circhomie, Theee are typisal, thick bilitern] phum! plaguee with jow r‘ll;"l
venteaton, ot viible an roenturnmrrame, Tlile subeferct Yad liveml ot A |||~|nnr'r l;'" "3""!“
30 Lin feran any a:zhestos mine, ant:ide of the area evntaining ndmetoe depneite "‘"l "' "“:‘
.h,‘\n-‘.]ml Aletag amupatioaadle, No acle otne lanlire we e recvvernsd ff.nn ! { x o e '"
in thiek Mo scrtinne Twn tapical adv o lunlice myre fonmd, PR et
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Fea. §. Mvtamiceasoade of a histobrieml sretion from the margia of o ¢
plwper rleming transition freen anlinany wary colligrnote cotmetive tiseine Lo (oum
sebvutic, bashrtmoave B2 tieve, van G o n staining. XIS,

Y 8 IMasmintocraph of o ) larakecical eetion from e maein af o pleueal
tha thirto st aren ta the bl oS fmn doanite amm sern av dipaly packed Ll

e nownial ticaie- (o the gicht o~ s nat inatain rebinm. Alizarin el staining, M
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Uit hvaline conmertive-tresue dooneation, Tl neerocis, offers vey fovmabbe
conditivng for the acvumulation of exleium doposits (Royd, 110538).

Clinical Foatnicg in Cusex of Phowrel Caledfication

In genernl, S6appears that (he preoenee of ealeifie plueges in the pleaie doex
not ns such cause any subjective or ohjective symploms or =igne. Sinee in the
hajority of eases the lesione are not assoviated with any pathological changee
in the lungs or any other organs, clinical diseare proper dazes not scemn lo be
involved (Kiviluoto, 1960; Mursovi, 1964 Mceunuan, 1966, Taunio, 1966).
Pulmaonary filrosis is a relatively commen accompaniment, however, in pratienlar
when the plaques are o heevily culeified as to be vizible on roentgenmo e, In
the 126 casex deseribed by Kiviluote, slight pulmenary fibrosis was diteeted in
1292 and marked fibrozis in a further 12%. Al subjects who had been oecupa-
tionally expo~ml to ashestog Adust at asbestos mines or wills were omitted from
this scries. Of the 53 subjects with pleural ealcifieations move thoroughly ~tudied
by Raunio, only two ~liuwal roentgenographically discernible fibrosis of the Tmg,
and these subjeeta had heen warking at an asbestos mine, Raunio stales, however,
thal in eascs in whirh extensive pleural ealeifications are prevent on the rocut-
genoaram, fibrosie of the ling may be diicult to distinguizh hecanse it may bhe
masked by the ealcifieation.

On the other hand, in Selikoff's (1963) extensive scwies comprising in=nlation
workers in New Yok, pleural ealeification was almost invariably associafed with
pulinonary fibrosis varving in b gree. The disercpancies may thus olwiously be
due to diffcrencer in composition of the zeries, e, whether they consist of oc-
cupationnlly or environmentally expozed subjeets.

.

Caleifie Plowenl Plagues and Diffuse Mesothelioma
It is striking that nu associntion hetween ashestus oxpusiie on the one haned
and on the other two different kined« of pleural lasion, fa, Lenign ealeifie dis-
seminatesd plagues in one study and malignant difuse mesothelioma iu another,
wasz obeervad at roughly the =ame time hy investigntors working independently
of cach other in ddifferent parts of the world (Jacob and Bolliy, i935; Wagner,
1959). Both these lesions atre often aszacinted with nonaceupational, obviously
very slight ashestom expocure. Another feature in comtmon scome to be that the
conditions only Leenme manilest after several deeades have elupec] <inee the
first exposure to ashestos dust (Kiviluote, 1960; Wagner ¢f al., 1960). Morcover,
Vol Yoo havs oo atheeread e ane] (he cine ease (Weise 10573 Waener,
1Y60; Tavwson, 1063; Fnticknap et al, 1961; Steel ¢t at,, 1965, Houtte «¢ ac.,
106G; Castleman, 1967), Tram the histologiral atandpoint altention nayv, in
addition, be deawn to the stenetural tesemblnoee Lotween the »troma of lu.vni-;,n
hyaline ~eherotie pleural plagues and diffuze mesothiclioma of the sceond main
group, the ftwotic type (Howihane, 1966).

Nuerous stuclie« pulilished in differcat parte of the world argue in foeor of
aornmificant covvelation between the development of mieotli-Bomea ond 2T cboe
exposure, T Samth Afjea, Wagner o€ al, (1960) were (he first To i o1 ation

to this relation-hip, and vomewlit Liter stonilar re-nlt : were vepartal by Phoneon
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(1962). Convincing evidenee L puncover been produeeed by Owen (1961);
Houriliae (1961, aneld Newheai-c and Thowneon (1263) in Foglad; hoes ¢! al.
(9631 v Notth hiclane!y SCBhafi el ol (1065) 0 US.A Kani (1960) and
Raite=ch (1663 in Gerany; and MeXNulty (1962) in Austenlia,

On the other hanel, o retie-peetive stuedy of a 19-year autopsy scries fiom the
Malmé Hospital, performed by the prosent anthor in co-operation with Swedish
pathologi-t< (Tl rstinnd of nf 19GSy, gave no definite proafl of an nssocintion

between expostire to ashestos !l'l-' ol the development of diffuse merothelion,

This neoplasm wis deteeted i 31 eaee o Tu 18 of these, ashestos bodies were found
in the fugze, in 6 ense in redative abmneliee, However, in a control serice from

the rome howpital with the sz composition as regards nge and sex, nbestos
bodics were found in the hg- in 12 cases, in ) in large amounts, Since small
nnhere of ashesto~ hatic o the lunses are & frequent finding according to
available statisties from diffivent parts of the world, these results camnot be
reganled as elear evidenee of an ussociatinn between ashestos expozure and meso-

" thelioma. The same nmefcrial was fater roentzenolozieally examined by Kiviluoto
Anoug the ciese- with mesothelioma, two showed

h0L11001LS

{personal communication 19671,

obvious andd one nnecstoin pho al ealeifiration,
The revults conriinivg the poleticndip between achestos expo-ure and difinse

mesothelioma are thus -oip-aled eonziadietory, and the same applies Lo n-bestos
exposure and pleural plaeness Tt seems ohvions that ashestos plays an cssential
part in the development of both the o lc-ions, but it also appears that other, as
yel unknawn factois, po--ilfy enviranmental, may be involved. These factors
may, moveover, he ro-ponsibhe for the development of benign {polyscrositis
fibvosa, Goflerjé, eitesd Ta Banrnan, 10273 or walignant chaiges of the pleura or
peritonenm, perhiaps even withoul #xpo-ure to n’!mtm. Curticre's (1963) state-
ment that the fuctor that cutscs a-to<tosis i- not identical with the factor caus-
ing caleific pleural plaeues therefore sccms to holl aood. But this unknown factor
very frequently appeers ta be as-ociated with exposure (o nshestos dust.

T'heories Caneerning the !’ullu-jﬂvtm'* of PMevral Plaguea

The caleifiention of pleurad l"‘l"'* i- readily aceounted for h) their histo-
logical structure. Hyaline selivotie collagenous conucetive tissue js precisely the
Kitid of tissue With Tow vitality that favars the preeipitation of enleium ions
as phosphates. With inercasing are the flukd concentration in the tissues is
loweredl, with the result that ealeinm =alt precipitnles in the seleralie tissue

grmln-\ll) inrreaer, Tt g nm«h tnre dilienlt to undderstand why and haw hyaline
Ao eeeiaele in same drregalarly shaped arens

P N I TTTTY R OOV N ",
of the ]-:nn!.d T R L R A AW FY RN TR IS

On the sssumption that =L stos it s the only cause of placue forn; ttmn it

naighi sested thor b e v ative nehenism eansists of diveet mechanieal

friction (=000 o2 ot 10 KI:“:".'..’ SO T AR l'l-(\l_\' presnpposes thet the
bt il procrete b e Pl atd coratel the surfaed of the
!“'i"'”" ""'.'”'" wet et el e teninatory miesenents, thus enusing w il inous
caebatio b e e v '7_ (.l, e et e G e wenh e

pren dto e filas o T ey i i i
srov ita 1l il P Sl bl evel g inta Lyvatine <eloiatie can-
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AMBEETOS AXD PLEURAL FLAQUTS

neetive tiseue in the manner typical of scar formation. This hypothexin is com-
patible with the predonminant loeation of the planues. in thuse areas of the
parictal pleura where the respirniory movements nre strongest (Kiviluoto, 1960).
Although ashestos dust is found under the visceral plewin in only relatively
small amountx in ndvaneced cnses of mshextosis, penetration of the pleurs Ly
asbedos dust is by no means impossible, since asbestos bodies protruding into the
pleurnl envtiy have been recovered from the rurfnee of the lunge (Meurman,
1968). Likiwine, asheston fibery, though no aslxwtos hodics, have been found in
parietal plenral plaques (Hourihane, 1966).

On the othier hand, the presenee of asheator filburs in the parictal pleara docs
not neccsearily. mcan that these fibere have migrated from the lunga through
the pleura] eavity. Asbestos dnst has been recovered from many organs, eg., the
kidneys, Lone marrow, liver, adrenals, spleen, and gastrointestinnl traet (Seli-
koff et al., 19G65). Tlenee it sceins prossible thut aslreatas fibers nre transported to

T roent ggainst the” motioiRETTIVRT jon \NBgryvis thint Ahe Iatice presuppoven o

preliminary stags. of. fibemione exsudation, nnd necording to pathe-anatowienl
experience fihrinous exudation as a nle leads to obliteration of (lie pleural eavity.

So far, no cvidence has heen produced of cither fibrinous exudation or any other

M: | T T S
preliminary stage of plague formation preeeding the hynline scleratic canncetive-

tissye stage. In addition, plaques oceur ndimitterdly when the pleural eavity ia

Of purcly chemic.al theories regarding the pathogenesiz of plaguer, that offered
by Tawnson (1963) scemx to bhe the mast preeise. Lawson suggests that the
maghe~im contained in azbestox and tale may be responsilile for ealeification
by artivating nlkaline phos-hatnse.

A combined effeet of physienl and chemnien] Tuetors jx presupposed by the
theary wilvineed by the present author (Menrman, 1866), accarding to whiech
the sites of predilection of the plagues are those arcax of the parictal pleura where
the greatest amount of stretching is causedd by the respiratory moveincnts, The
cffeet of nshestos ax a contributory factor would consist of ultering the com-
position of the uid puassing from the tunge to the pleural envity, Thia ehange
woulill he due to intrnpulmanury damage cnusel by the aslestos fibers, com-
parable with microhemorrhnges, Al hemothorny is known to he the most ¢om-

man cini~¢ af pleural eanleifiention.
So far vu conelusive evidenee has been advanced in support of any throry

conecerning the pathogenesix of plaque formation,

gene .
LAY S S

This paper is areview of veecnt literature coneerning ealerfic pleura) plagoes,
Ieis estallishsd thae mudtiphe ealeifie plears] plagques are a e vovntyen-
oraphie Grdine o all popmlation geoups execpt miners and inelisteinl worlies
Whee Buatell aslostos ue tales A noteworthy ennecnteation of ensee Showing placgaes
Jias aleor Tuene aliecgvodd i poplations living i the vieinity of asbestos ni -
Hows s er o ecrtiin ureae o Wiel, frovpuenes of plearal r:llriﬁr.:nliun Teets Deseny vt o]

withoar any gale . vratite Doeed ,
Moele st onponne e cboponsteabde, Pl o) plocpies e o ettt

43

the panetal plcurn with the blood stream or via the lyinphatics. Another argu-

unfu=ed or, if it ix obliterntedd, ns a rule at those sites where it has remnined open.

ST0011705
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autopey finding, nned a ccrlain regularity has been obecrved in ﬂn.:irlo.ha -
Anatomically and histolngically, the plagues corrcepond to ﬁbroho-.’-.‘tb,‘ o
althouzh in most enscs their calelum content s so low that the lesi e
visible on rocutgenozrama, .
" In Industrial workers occupationally exposcd {o ashestos dust, pleural:
tion is often associated with pulinonary fibrusis. By eontrast, in those-
which slight exposure to p-hestor dust results from living in an ares .
asbestos doporits, or in the neighborhiood of atbestos factorice, ca. A%
not as a rule atsocialed with pulmonary fibrosie. I this condition fe peulll
is s0 mild that it canuot Le demonstrated rocentgerographically a
manifest feell as respiratory insuflicicney. In addition to asbestos d
gome unknown endozenous or exogenous contributory factor scoms to. b
ble for pleural pluque fornmtion. The presence or abicuce of this (43N
viowaly deeisive In respeet to the development of plaques, In some nopll
cerlain areas this hypothctical factor appears (o be capable of produd

pleural plaques cven without expasure to achestos dust. The patiiigg

WWI plaqucs ix Ag Yot ohseure.
3t

e R e
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