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e _Qccupatlonal Acroosteolyms
* g < et —~-“" .
' chort of 31 Cascs " ;A-"—-'-:»'_—"t;‘-r'
N - Rex'H Wilsan, MD. William E. McCormick, M8, "<~
Cﬂ?o“l Tatum, M), and fohn I, Creerh, r\él:-’; : ‘
S5 -‘)ﬁn n :auro‘l acrooshnlysas o! the hands o{ workmen derma. qome have clubbmg of the fingers. iny a few,_,.,

»dv:';: “sssociated with vinyl ‘chloride (CH.: CHC!) polymerization of the cases have sought medical attention because <

'-1‘4 “‘pru:esus. the osteolysis was specific t6 the distal pha- of symptomatic complaints; the majority have beea ',

. langes of hands and was frequently associsted with Ray- - found through x-ray examinations of the hands. . -+ =",
" paud's symptoms. Affected personnel ranged in age from A summary of the physical findings ot the obs* .
Q* ~ 26, 1 47. The disorder is believed to have resulted from  served cases is shown in Table I, and a detsiled de-
1”'\ &.combination of physical insult, chemical insult, and scription of the two predc»mmantly common symp- e

\“”«

I3 ~personal admtyncnsy. The specific causes are unknown. . toms follows: - T

: a-::!"m .prevalence was found to be iess than 3% among Raynoud's Phenomenon —Thm sympt.om com- } .
i_.‘ -4\ employees p-.rformmg similar work. No cases were found plex has occurred in varying degrees, with one or” +-. .7+
¥ ! -in woskmen using or processmg the polymer or manu- both hands involved. Generally. its cffect is observed

Yy .?t" unannz commamal ruunsr , as marked discomiort on exposure to cold. None of

. ‘,_.;'\‘:':_ R AR T S " the cases have exhibited vascular changes of the feet. v

H "‘lf.;}" nmg mld 1964 sevgml ccmplalnts came o gur A unilawral ‘sympathect&)my perfom?ed on one OI- 5

R "-]1_J attention of soreness.and tenderness of the the most seriously affected cases relieved most of

_iffigertips- of 'workmen in ‘4 manufacturing plant the symptoms on that side. The acroosteolysn was .-
o +polymerizing viny) chloride (CH:CHC!). Compre- not altered by the sympathectomy. .
je il .~ hensive exsminations of these individuals revealcd Roentgenological Changes.—The .mnst unique . . [ - .
R D ~: Bothing of un,ﬁmce except a “Raynaud-like phe- characteristic of this syndrome is the unusual roents . o oot
-r;,‘ “vomengn’” * ofthe hands, and in some cases, definite  &enological findings. These are described as acrooss .~ - -

=/ thanges oi the distal phalanges-were apparent on teolysis and areillustrated in Fig 1. Tt may be pment -+ " tey

_3-' A,' ‘_,Wentggnogm of -the hands. Since then we have in all of the fingers and readily observabie, or only in ’f;_‘ Y e
M A2 vobsmu! additional cases of this unusual syndrome. one ﬁnger and barely discernible, as illustrated in “-*. !
& :....,. Tt s the purpose of this manu.scnpt o summanze Fig 2. X-ray films of the feet, as well as those of the L
. :-..'éiunbwvauam, e W e e o long bones and of the skull have been made in some "% e
S L - e e L - .+~ " of these cases, with no osteolysis Tound other than *; S
: ‘,.";"«.*4;2, o D‘“"P"“‘ of SY""-""’""‘* . : in the distal phalanges of the hands. - .- "’J.'

g.:_ ~To data we have observed 31.cases of 'nand dis- =~ Acroosteolysis is a rare clinical ent.xt.y with onfy'
4- ‘orders among 3,000 ‘personnel invoived in vinyl ‘2 cases of the familial type reported up to 1965. ace. 2
. chloride* ‘manufacturing _and _polymerization. All cording to Cheney in his excellent review.’ ’Ivne "T .
" have beeh men; between the ages of 26 and 47. We  diagnosis of acroosteoiysis requires expert. roent-- - " v
‘:a\re riot observed any ethnic or racial tendency for genological technique and: knowledge. It.has been.. " 7
Q syndrorge,L The great majority- have been char- our ohser\fauons that e_arly casesof acroost_e_g_l.y;-sa.a'_""; -
Wwby two common factors: symptoms likened will be missed by the roentgenologist not. famiiar' '
i those asesibed- tor Raynaud’s phenomenon and  With this condition. All of the cases on which we sied’™
ostewlysis of the distal phalanges. A few have. reporting have been confirmed by at'least two: ex- s
b:z*po smmm but have the roentgenographic  Perienced roentgenolegists warking mdepenc?ently.

- evidence" of acroosteolysis, Several of the patients. We established the_ following mentgenogmphac’ ..,,:-.
«ghave extormal akin lesiong'on the dorsal surfaces of ~ CTiteTia for our diagrioses. These ‘are: the fesyh’ OFR e L
t.Ee‘ha.nu&—and “forearms, with-a rope-like appear. = Our havmz viewed several thousand- k-1 Pl)' ﬁh!js; OC - ‘.'.'.-
- tancn._'tsemhlmg changes sometimes seen . in sciero- the hand in our search for. the cause oi the ?ynt- e e
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“pateoporosis-with acroosteolysis and in fa-’~~
- [pitececlerosis withacrocsteolysis- In cstsopo-: 7 ,‘
with lmoateolytu there may be compression- - : 7
ires i1 tha_spine, ‘and” basilar impression ofn'
. siully: along with destruction of the m.\dpha-
- meﬂ"ﬂan. 9} these fmdmgs have been seen in.
JHiese workers. The changes in the distal phala.ngel
,griﬂmﬂa ‘in.both conditions.- -
: Ostepacierosis-acroosteclysis. observed by Andren -
». ot al’. (University- Hospital, Malmo, Sweden) in
- i ‘cwﬁ'zs showed diffuse sclerosis, with cortical thick-
Memn( 6f the shafts of the long bones and clubbing
..0{ the metaphyseal ends. The phalanges of the hands
‘metacarpals were foreshortened, and the distal

.' 3
3
.

.T »_

_'||'.‘r

g~
,,w'* phalanges showed acroosteolytic changes. The feet
/«., A¥.abowed. the same changes, except ‘that the distal
O T phalanges were not fragmented.

‘93'3‘ "There has been no evident destruction in the mid

_{“‘,": o proximal phalanges of the thumbs or fingers of
“:‘.m- x these individuals and no evidence of a lytic, destruc-

TR TR,
f
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{
s
s

T

! “tive lesion in the feet.

”“x- = ~+We have not observed any loss of calcium salt in
" '; the bones of the wrist and remaining bones of the
gty - band and phalanges in ‘any of these individuals, .
Gt " ‘and-thers has been no evident sclerosis of the wrist |}
v ¥ and Bind bones. . Do r:

o 2. Mild. stage:- " The earhest change found in
abmontenlym in these workers has been a loss of the
L. cl:;;ex of i 013: or x:;ore of the t\;fta of the distal pha-  }-
¥ no estmctaon of the tuft or shnft of -- .

dfﬁwm R
2. Mild stage of acroosteolysis with hltf-maan do-
fect of distal phaians of mid nngw.. ._
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i Ly pviedy g
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oy vige & .‘?-' ;aporro{ the tu.ftq; Figure 2 jllustrates the small, . bone structure. ~ere T e T
-"1',“‘ n gut in;ibe ¢ enrt.uottho.d:std phalanx of . .o 4 Healing’ stage: In this phne, L‘xm is often .. T
o uﬂd, Sngef: LA AN * definite fragmentation-of the remaining tuft and ok - -

’&".Ajvnneed stage.uA thoTe severe lyt:c deatruc- the filled-in srea whema the previous destruction» ".’,"j
;houmox be'a-complete loss of the tuit and a por-  was not4d through the shaft of the Jdistal phalanx; =~ .. -
tth &f thevhaft of one or more distal phalanges  This may $0 on to & complete boriy unionor remainr s~
ﬂ.hnmud in Fig 1'in which the tuft of the distal as & fibrous union with fragmentation. In Pig 3 and" ;‘
n;pfnla‘ux of ‘the right thumb and the tuit of the 4, x-ray films of the same individual well demon.. - .
4"‘ 1a dstal pbalanx of the left fifth ﬁnger are completely strats tHis. This empioyee had almost complete- -
"‘r-’ sbgent.Additionally, there may be in the same hand  reunion of the multiple fragments when first seen = . .-
Lo T portion of the distal rim of the tuft remaining,  in November 1965 and again in Novernber 1966 (P;g Lrene
- g‘h Hint.h Ices of the proximal portion of the tuft and a  3). In the latter, the completely healed shafts and ... Vol
L pomon of the ahaft of the phalanx, which can alsobe  tufts of the distal phalanges are indicated by nos »~*.
f'\,r_admt:ﬁed in the. remaining phalanges in Fig 1. residual fragmentation with fibrous union. There is o
- 8 deﬂmte shortenm; oi the shait md a w:dmmg of " .
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‘Above, A.cnocwm -im mu-lud fragmcnuuon of distal phchngu ln Navombu 1965. Bdou Sam- Ind!vidu-
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ELT
xﬁd{-‘md tdt..ho'th in t.he transverse and th.
pootew diameter: “This is most likely due ta

. * gombinstion of constant pressure, and by the nor-
5 .pdmlﬁnortbamwnu,puumhﬂyﬂuten-
,‘ . _ .ﬂmjntha dlmlphnhngu. R

t, :-n."'o“éeupaisonal Aspccts of Syndtome -t

‘4* .'Bneckupon our observat:om of these 31 cases, it
% as4f this syndrome may be of occupanonal
b;22% Brigin.and is somehow related to the process of vi-

ﬁ*"* y"uyl’thhnde polymerization. Its specific cause if not
oy preunﬂy known. Wg are performing extensive re-
?‘;:gﬁ' séarch in‘an effort to find the cause. Two other pa-
‘fa:.‘x :pers referring to the condition have appeared in the
....-;.f"“-l;feutuxt The publication by Suciu et al* contains
- % wo specific information, and werely alludes to some
5 band problem: That of Cordier et al* presents case
,ﬁ,—-mmnqwnh symptoms similar to many of the cases
ve describe. This syndrome differs from idiopathic
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el ?vlyv-mylﬂ:hror.xde isa mdely used synthetic resin.
%m Tt has been manulactured commercially for more

,And ‘familial lcroosholyum in that only t.he ha.nds

- Ql,

- ;.-; “ mocs‘rtousus—wusou ;r AL Wy

;»**than 30 years and is used in upholstery fabric, floor

2:": ‘and’ wall tfle, “wirs -insulation, phonograph records,
..-md m&ny-m.het ‘commonly used commodities. For
v thany 6f thess uses, the resin (CH.CHCI), is mixed

%i w. characteristics. The hand syndrome occurs apparent-
3t ﬁb only in thase people ﬂxpowd to vinyl chlonide or to

‘--fsc' 3 .«-nt-her
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g{:,mt& athey materials to.achieve the desired physical -

chemicals used in the manufacturing proceas -
,n,f the zesii itself or both. In addition to our exami-

_and sold as a finely divided white powder.
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nations of 3, 000 peuonnel performmg vmy'l ch}ondt e
manufacturing and polymerization, we have exam~-- -~ ]
ined more than 1,000 individuals who handle. the -
finished resin or who process it into plastic prod- L
ducts. No cases of acrooueolysu hauc been faund i

these 1,000 persons. - B oo, _,_w':
Basically, the manufacturs of polyvmyl chlonde )
consists of polymenzmg vinyl chlonde. The reac-” -t
tion is accomplished in closed containers (poiymer. ... .0
izers) with suitable catalysts and emulsifers. . - - ‘f'
Copolymers, formed by combining vinyl chlondo -2

with .other monomers, create variations of the e
homopolymer. Thess are commemlly produced. -~
Following polymerization, the resin is wasbed. dried,
The polymerization operations are carried out in.~
closed processes and provide little opportunity for
.employee exposure. Following the completion of the
polymerization reaction, periodic cleaning of the ~'
walls and agitator of the polymerizer is necessary. .’
The frequency of this cleaning and its method varies
with the type of material used in these vessels and
with diflerent manufacturers. The most common
practice has been to accomplish the cleaning man-
ually by using band scraping techniques, with work- .
ers spending several hours each. day on this. job . ..
assignment. Personnel performing this’ JOb are com- = ;
monly referred to as “‘polycleaners.” - .- lr ;
" e b e
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: AN e to some degrao thmugh thc pmbnpd‘ hapd™. .7
) scTaping-operations as well as the occasional use of NN

-, T k Wa.hxvo aitempdd to lf'-‘dy the relauonsh:p of . - hammers to0 remave the residues. In

- : suppare of the ¢ 2" -
. R hutg;vaihu eccurrence of the disease. Twen- “physical insult factor, we have Quite ;;:omﬁ’ ob- - -
e~ . Xy:seven of our 3T sases have either been on the ' girved theleflects of a finger injury to an existing. . ~-
i “‘polyclunu” job assignment at the time the syn-  case of this syndrome. Figure 4 (left) shows an. ' ™"
- »-drome 'ippeamd or have had that mgnment at  3.ray film of the left hand of the first of these cases 1 A
e, "‘Iomc.txmo in the past. Thia job assignment is the  of acroosteolysis (accompanied by Raynaud's symp- s & o
Sew only one ahowing any positive correlation with tho toms and skin nodules on the dorsal surfaces of the-- = .
B '.otcurnnczv( the ssmdrome. | hands). The bone damags is quite limited. Figure
. - .-‘ - Amxck Rgte.—The syndrome has a low attack 4 (right) shows the same hand with the roentgeno--

e e n&. uf experience indicates it occurs only in less  gram taken four monthis after a crushing injury to <

o halt N thsgﬁ% .ot all production: employees who at one the mid finger, with lysis having resulted to the tuft - v _-*
- "= 7L time have had polycleaning experience. of the distal phalanz, We believe thu activity was ‘»__.:v R
ST 4_3: ';Agc Distribution.~The youngest of our cases is  stimulated by the trauma. : Lt
& 6 yeam old, and the oldest ia 47, with the majority Personal idiosyncraay appears to be an ;mporf.ant
e ; f-,. hm:z:m the 30 to 39 age group. The cornplete dis- factor because of the low incidence of occurrence of
- ;1 i\ tribution is shown in-‘Table 2. the disorder., This is especially significant becauses,

E. e appearance of the syndrome among younger  although all polycleaners are subjected to essential- .
- o ?"un:;l‘o‘yogs may be influenced by the fact that the ly similar chemical and physical insults, the ind-
A polycleaning job is one of the initial job assign- dence of this syndrome is very low, and the explana-
-g‘.‘ ""’ mn into wh.zch employwl xn such phmu are  tion for this can only be made on the basis of person-
et al idiosyncrasy. We suspect pertinent factors bere .-

->‘5f ) fncubatm Pemd H ﬂ.u. syndrome is related to  are related to the individual’s vascular system, the ... 7.
R, occupltmna] factors, as we believe, then the time  nerves controiling the blood supply to the _ﬁr!_ge_n, PR

a2 of expomire to these factors should be significant. = and to the specific type of collagen in the individ- -
’*‘”T‘”‘ "Wc have investigated the time spent on polyclean- ~ual’s hands. We are in the process of mveuu:at.mg

7 {# ipg-and; sithough accurate job-time assignment in- these factors.

~ R develop, it & as if none We have observed no serious disability in any of
_' **uﬁm:heh..mguawmﬁth?d 13.03-,;; fmntha poly- these cases. A few have been partially disabled be-
,4 j'.'lea.nmg expemience .- L . - cause of hand soreness, to the extent that some
‘e R b Tt T ',"f' SRR - . restriction in manual activity was necessary. Im-
> .-g.!.,..x. L{,.:"E,_a,,‘i‘,;*!f,-:-.v=:{';;s,,:‘3';lCommant.l. e i ¢ - provement in the symptoms, as well as in the roent-
i‘z:;'& '!a'—"" P T IR L L . genological findings, has occurred in. many cases "> .
h i 3‘6 our. lmowbdge, t-bll is . umque md W’lth the without adequate exphmhon_ PP ’ oA
{3'~~"H€8?tm ‘ot references 3 and 4, PN“OUHIY unre- = We wish to emphasize that.no cases have baen;,i g

i > < ported “disorden.. The- specific cause is presently  found, after extensive search, in individuals either’
XA, unkhown, although it appears to be related to the- . working with the finished polyvinyl chloride or its::
RG] ‘manufictire of vinyl chloride and polyvinyl chlo-  copalymers, or in processing the polymer into plastic
*H’u‘r’-&wﬁa& Not only, are thé 1-ray findings of themselves  products. In these processes, mors exposure to:thé” "~
R ,..;.;umque,fmtwhm ampamed by the symptoms of polymer occurs than does i the mmg gﬁ.-

SRR ..-Raymud's ‘phenomenon, the syndrome becomes ex-  the polymers themselves. .- .- & gy

—

"5?., o, tremely specific. Ay far as we are aware, this has not We presently believe that perumnel assxgned ‘b S N

g1 5;!--'1&.&6 ar observed’ response.to any- toxicant in any - polycleaning should be evaluated, prior,to assigm:'™ ,:"'_‘,__..
o 4’{‘ mfthq animal’sy apoc:es. "Wa-have sttempted to arrive- .. ment, for any ‘evidence of collagen’ disease, Toste=

il -ﬁi";’" at an explanation of ita cause, as weil as the physio- ~ olysis of the hands, or abnormal mponse-oi tha:

T ,.@:;Ioszcaﬁmechannm whereby the extreme specificity - hands to cold insult, Any evidence of the ex:st.ence_._

¥ e ;;.4, 2% for: the -distal phalanges. of the hands occurs, but - of any of these factora should contrundzcste the ass-

Y o “g— #= ‘:ﬁavebeen ghsuccesshul.. We_ believe the condition is. signment of, an- individual . ta +‘paly g ank

BT P Loyt 0'

S \,_tht Tresult’ ot*)!:ng""facmn, all ‘of which must be - - thus remove, ot nt least mmM the penonal ldx
e Yo pmant. ‘fof .peruitrences (1) &.chemical. insult, (2)‘"’ SyRCTasy: {act.or-n* ;& ‘;":J_* -!( ﬁ'.r e
*:': ..m-l physical. insult, and: (3} & personal idicsyncrasy. T TR PR '
ra 3 The chemiral insult could 6etur from ona or more.of: - *1-;»\". s T (333 g,
;e\i .;gzhamummm, m;ajyats, and intarmediste reaction. ;' <a/ a,.n.y.m Aml-ulynl. Amptp.mm umnv .g;. ,{bL
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