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578 ACROUSTEOLYSIS—WILSON T AL

chloride and polyvinyl chlorde manufacturing
procesges, ia somewhat different from that found in
familial osteqporosis with acroosteolysis and in fa-
milial osteosclerosis with acroosteclysis. In osteopo-
rasis with acroosteolysis there may be compression
fractures in the spine. and basilar impression of
the skull, along with destruction of the midpha-
langes. None of these findings have been seen in
these workers. The changes in the distal phalanges
are similar in both conditions.

Osteosclerasis acroosteolysis observed by Andren
gt al’ (University Hospital, Malmo, Sweden) w1
t*ins showed diffuse sclerosis, with cortical thick-
ening of the shafts of the lonz banes and clubbing
of the metaphyseal ends. The phalanges of the hands
and metacarpals were foreshartened, and the distal
phalanges showed acroosteglytic changes. The feet
showed the same changes, except thet the distal
phalanges were not fragmented,

There has been no svident dastruction in the mid
or proximal phalanges of the thumba or fingers of
these individuals and no evidernce of a lytic, destruc-
tive lesion in the feet. '

We have not abserved any loss of caleium salt in
the bones of the wrist and remaining bones of the
hand and phalanges in any of these individuals,
and there has been no evident sclerosia of the wrist
and hand bones.

2. Mild stage: The earliest change found in
acroosteolysis in these workers has been a loss of the
cortex of one ot more of the tufts of the distal pha-
langes, with no destruction of the tuft or shaft of
the distal phalanx.

The next more advanced stage may be a small,
half-rmcon cut in the cortex of the tuft of ane or more

Tat;l_u: 1.-—_5ummary af Symptoms and Findings
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2. Mid stagw of acroosteaiysis with half-mocn de-
fect of distal phalanx of mid finger.

1. Acrocstaotysis with invohrement of distal phalanges of all fingars.
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ACROOSTEOLYSIS—NILSOM ET AL .

Adistal phalanges. or a so-callad zlice affect along one
or more of the tufts. Figure 2 1llustraces the small.
salf-moon cut in the corter of the distal phalanx of
the mid-finger.

1. Advanced stage: A more severe lytic cestmuc-
t:on may be a complete loss of the zuft and 3 por-
unn of the shaft of cne or mare diswl'phalgnga
asillustrated in Fig @ in which sne toit of the dis:al
phalanx of the rght thumb and the tuit of the
distal phalanx of the left fifth fnger are completely
absent. Additionally, there mav be in the same hand
a porion of the distal dm of the :uft remaimng,
with loss of the proximal porzion of the tuft and 2
portion of the shaft of the phalanx. which can zlsa be
identified in the rewaining phalanges in Fig 1.
This loss may be of a transverse nature through the

579

snaft and rthe tuft. or of an scblique type loag of
Done structure,

4. Fealing stage: [n this phase. *here is often
Jefinite fraigmentation of the remaining tuft and of
the flled-in area where the previous destriction
was noted through che shafr of the distal phalanx
This may 2o on to a complere bony union or remain
as a fibrous union wicth ‘ragmentation. In Fig 3 and
+. x-ray ilms of rhe same individuzl well demon-
strate this. Thia empiovee had almest complete

reunion of the mulziple fragments when first geen

in November 1963 and again in November 1966 (Fig
31, In the latter. the completely healed shafts and
tuits of the distal phalangss are indicated by neo
rasidual fragmentation with fbrous union. There is
a definite shertening of the shaft and a widening of

3. Abave, Acroostectysis with marked fragmentation of distal phalanges in Novembar 1965. Bafow, Same individu~

al in Hovember 1966,

JAMA, Aug 21, 1567 = Vol 201, Mo 8
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580 ACRCAOSTEOLYSIS—WILSON ET AL : -

the sheft and tuflt, both in the transverse and the
anteroposterior diameter. This is moet likely due to
a combination of constant pressure. and by the ner-
mal tension of the soft tissues, particularly the ten-
dons to the distal phalanges.

Qccupational Aspects of Syndrome

Based upon our observations of these 31 cases, it
appears as if this syndrome may be aof occupational
origin and is somehow related to the process of vi-
nrl chloride polymerization. [ta specific cause if not
presently knowm, We are performing extensive re-
search in an effort to find the cause. Two other pa-
pers referring to the condition have appeared in the
litarature. The publication by Suciu et ai® contains
ne specific information, and merely alludes to some
hand problem. That of Cordier et al' presenta case
histories with symptoms similar to many of the cases
we describe. This syndrome differs from idiepathic
and familial acroosteclysis in that only the hands
are involved.

Vinyl Chloride Pelymerization Process

Polyvinyl chiloride is a widely used aynthetic resin.
It has been manufactured comrmercially for more
than 30 years and is used in upholatery fabric, floor
and wall tile, wire insulation, phonograph records,
and many other commonly used conumodities. For
many of these uses, the resin (CH.CHCI); is mixed
with other materials to achieve the desired physical
characteristics, The hand syndrome occurs apparent-
Iy only in those people exposed to vinyl ehloride or to
other chemicals used in the manufacturing proceas
of the resin itself or both. In addition to our sxami-

Table 2.—Age Distribution of Cases

Asrecocimabnsy

Whhout With
Az Group Raynagd's Symptoms  AEyneod’s Symypioma
20-29 b4 4
10-319 4 12
id-4% i [

naticns of 3.000 personnel performing vinyl chloride
manufacturing and polymerization, we have exam.
ined mere than 1,000 individuals who handle the

finished resin or who process it into plastic prod-

ducta. No cases of acroosteolysis have been found in
these ! 000 persons.

Basically, the mamufacture of palyvinyl chlaride
consists of polymerizing vinyl chloride. The reac.
tion is accomplished in closed containers (polymer-
izers) with suitable catalvsts and emulsifiers.

Copclymers, formed by combining vinyl chloride
with other monomers, create variations of the
homopolymer. These are commercially produced.
Following polymerization, the resin is washed, dried,
and sold a3 a finely divided white powder.

The polymetization opemations are carried out in
closed processes and provide little opportunity for

. emplayee exposure. Following the completion of the

polymerization reaction, periodic cleaning of the
walls and agitator of the pelymerizer is necessary.

The frequency of this cleaning and its method varies .

with the type of material used in these vessels and
with different manufacturers. The most common
practice has been to accomplish the cleaning man-
ually by using hand scraping techniques, with work-
ers spending several houra each dsy on this job
assignment. Personnel performing this job are com-
monly referred to as “polycleaners.”

4, Laft, Healed acroosteolysizs with onty minor reemtgenagraphic changes. Right, Same indlvidual one month aftar
crushing injury to midfinger. '

JAMA, Aug 21, 1967 @ Vol 201, No 8
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Epidemiology

We have attampted o study the relationship of
job bistory to the vecurrence of the disease. Twen-
ty seven of our 31 cases have either been on the

“polycleaner’’ job assignment at the Hme the syn-
droeme appeared or have had that assignwment at
some time inn the past. This job assignment is the
only one showing any positive correlation with the
occwrrence of the syndrome.

Attack Rate.~The syndrome has a low attack
rate. Our axperience indicates it occurs only in less
than 3% of all production employees who at one
time have had polycleaning experience,

Age Distribution.—The youngest of our cases is
26 vears old, and the oldeat is 47, with the majority
falling in the 30 to 39 age group. The complete dis-
tribution is shown in Table 2.

The appearance of the syndrome among younger
employees may be influenced by the fact that the
polvcleaning job. is one of the initial job assign-
ments into which employees in such plants are
hired.

Incubation Period.~—f this syndrome is related to
occupational factors, as we believe, then the time
of expasure to these factors should be significant.
We have investigated the time apent on polyclean-
ing and, although accurate job-time azsignment in-
formation is difficult to develop, it appears a3 if none
of these cases bhas had less than 12 months poly-~
cleaning experience.

Comment

To cur knowledge, this is a unique and, with the
exception of references 3 and 4, previoualy unre-
ported disorder. The specific cause is presently
unknown, aithough it appears to be related to the
manufacture of vinyl chloride and polyvinyt chlo-
ride. Not only are the z-ray findings of themneives
unique, but when accomparied by the symptomss of

.Raynaud’s phenomenon, ths syndrome becomes ax-

tremely specific, As far as we are aware, this hes ot
been an cbserved response to any torxicant in any
of the animal iem. Wa have attempted to arrive
at an explanation of ita cause, an well as the phyxio-
logical mechanisxm whereby the extreme specificity
for the distal phalanges of the hands occurs, but
have been unsuccessful, Wa believe the condition is
the regult of three factors, afl of which must be
present for occurrence: (1) a chemical inamlt, (2)
a physical insult, and (3) a personal idicsyncrasy.

. The chemical inault could occur from one or more of

the monomers, catalysts, and intermediate reaction
products existing in polymerizers. A low degree of
exposure to these could occur from contact with the
solid, slightly moist, residue in the polymerizer or
to small quantities of vapor, absorbed either per-
cutaneously or by inhalation, Research studies are
in progress In an attempt to verify the chemical in-
sult factor theory.

The physical insult ia present in all “polyclean-

JAMA, Aug 21, 1957 & Yol 201, No 8

era” to some degree through the prolonged hand
scraping operations as well as the occasional use of
hammers toa remove the residues. In support of the
phyzical insult factor, we have guite recently ob-
served the effects of a finger injury to an existing
case of this syndrome. Figure 4 (left) shows an
x-ray fiim of the left hend of the first of these casea
of acToosteolysis (accompanied by Raynaud’s symp-
toms and skin nodules on the dorsal surfaces of the
hands). The bone damage is quite limited. Figure,
4 (right) shows the same hand with the roentgenoc-
gram taken four months after a crushing injury to
the mid Snger, with lysis having resulted to the tuft
of the distal phalanx. We believe this activity waa
stimulated by the trauma.

Personal idiogyncrasy appears to be an important
{actor because of the low incidence of occurrence of
tha disorder. This is especially szgmﬁcant because,
although all polycleaners are subjected to essential-
ly similar chemical and physical insults, tha inci-
dence of this syndrome ig very low, and the explana-
tion for this can only be made on the basis of person-
al idiosyncrasy. We t pertinent factors here
are related to the individual’s vascular systers, the
nerves controlling the blood supply to the fingers,
and to the specific type of collagen in the individ-
ual’s hands. We are m the process of investigating
these factors.

We have ghserved no serfous disability in any of
these cases. A few have been partially disabled be-
cause of hand sorenese, to the extent that somea
restriction in manual activity was necessary. Im-
provement in the aymptoms, as well as in the roent-
genological findings, has occurred in many cases
without adequate explanation.

We wish to emphasize that no cases have been
found, after extensive search, in individuals either
working with the fnished polyvinyl chloride or its
copolytners, ar in processing the polymes into plastic
products. In these processes, more exposure to the
polymer occurs than does in the manufacturing of
the polymers themselves.

We presently believe that personnel assigned to
polycleaning should be evaluated, prior to assign-
ment, for any evidence of collagen disesse, ocate-
olysis of the hands, or abnormal response of the
hands to cold insult, Any evidence of the axistence
of any of these factors ahould contraindicate the as-
signment of an individual to “pelycleaning,’” and
thus remove, or at least minimize, the personal idic-
syncrasy factor.
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