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Occupational Acroosteolysis

HI. A Clinical Study

Vernon N. Dodson, MD; Bertram D. Dinman, MD); Walter M, Whiuhom. MD;
Ahmed N. M. Nasr, MD. PhD; and Harold J. Magnuson, MD, MPH, Ann Arbor,

Mich ]

Four subjects with scroostealysis were studied
clinically. All had osteciytic lezlons, especially in
thy distsl phalsnges of the hands, and Raynauvd's
phenomenoi. All had worked as polyvinyl chioride
reactor-vessst closners, with hand scraping baing
e common mode of operation. Raynsud’s phe-
nomenon arteceded osleclytic leslons. One of thw

subjocis was in negstive calcium and phesphorus

balance, Plethysmographic stnommalities were
present In three. Esophages! motiiity was normal.
Scintiscans of the hands using sodium Nuoride
fabelied with radioactive Ruorine ('F) reveled
varisble uplakes In the fingers which correlated
with the mdiographic lesions. A wide wvariety ol
clinical laboratory paramslers were normal,

OCCUPATIONAL acroosteolysis ( AOL)
consista primarily of Raynaud’s phenonwe-
non and oeteolysis of the distal phalanges in
the hands. Suciu et al first described Ray-
naud’s phenomenon in polyvinyl workers in
'1963.! Osteolytic lesions were reported in
other cases.?? Other associated clinical fea-
tures such as hepatomegaly, the cutaneous
stigmata of scleroderma, hypothroid param-
elers, and numerous abnormal laboratory
tests have been reported.!? Epidemiologi-
cally, patients with AOL are associated with
the manufacture of vinyl chloride polymers,
more specifically with the hand cleaning of
the polymerization reactors,

This paper reportx the results of intensive
clinical investigation of four patients with
AOL. These four palic. tx wore selocted
from thore employees of 32 po.nis engaged
in the manufacture «f vinyl chloridde poly-
merx throughout the United States,

" Subwmitted for publication Feb 9, 150, novpted
Manch 24.

Froot the seviuwn of (kavpatumil and Environ.
nentul Medicine and the Depuriment of Internal
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Methods

Each patient was admitted Lo the Clinical

"Research Unit. University of Michigan Hoapi-

tal, for a two-week period where detailed medi-
cal hislories were investigated and phrysical
examinations performed. Details of the work
historien and environmenta! exposures were de-
rived from in-plunt epidemiological studies car-
tied oul jointly by the Institute of Environ-
mental and Industrial Health of the University
of Michigan and the Manulacturing Chemins'
Assuciation. Table 1 lists the lahoratory param-
elers applied. In addition, caldum and phos-
phorus balance studies were carriad out, using
a dietary hislory to establish a constant cal-
cium-phosphorus intake to which each patient
was accusiomed. Daily 24-hour urine- specimens
were collecied. and slool specimens were pooled
every three days for culcium and phosphorus
delerminutions, Appropriate cormectional com-
pulations for unveten foods” were made. Cate-
cholamines and S5-hydroxyindole acetic acid
were determined on 24-hour urine collections,
often partitioned by six-nour units and usually
collected on duys of provocalive cold streases
during plethysmographic determinstions.

Numerous roentgenographic techniques were '

introduced, mnging from skeletal survey 8ims
to barium swallow radiographs and bone xerog.
raphy. Scuns of the hands and saernl regic:...,
using sodium Boride lubelled with rationctive

fluorine (WF), were undartnken in two of the -
patients. Plethyasmogruphy of .the forearms and -

hands, uring the method of Zwelfler «f al, was

employed.t Esuphageal motility studies wese

made, uxf_ng Saladin et al’x technique.>

Results

Hbdnry.;-Bl:nn(:!;ilig of the hands wans the

first gign of AOL. In two of the men, the
onset was gradual over a fow weeks, and In
two il was abrupt, ax shown in Table 2,
Cold wax the inciting factor in all casax. ‘e
blanching was associnted with cither tin-
Rling of 1he hands or tendermes of e
fingertipes. The polyvingl work expeeairne to
first-blanching  ranged ln‘om" one o N
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Fig 1.—Nots transverse dafects In distal phalanges of fingers one to
fingers ona to three on right hand. Marginal defect s present in distal portion
of right fifth finger (case 1).

Table 1.—Laboretory Investigation of AOL Patients

Serum Enzymas
Threonine sidolase

Malic dehydrogenase
Qluvtamic dehydrogenase

Biochemistry
Calclum
Phosphorus
Cholesterol

Alkaline phanphatsse

Acid phasphatase

Sarum ghutamic oxsloacetic
iransaminase

Sarum ghitamic pyruvic Louci inopepiid
trangaminase -

Lactic de hydrogenase isogram

S "Nucisoticase

Serine dehydrotase

Sodium
Potasslum
Carbon dioxide

Chioride Glucose (fasting)

Atdoinse
Creating phosphokl
fsocirats dehydrogenase

Bllirubin direct/tolai
tUrea nitrogen
Creatinfne

Tota! sarum protein

Magnasium
Lipids
Phospholipids
Trigtycarides

Elactrophoresis sarum
Albumin
a1
-2
s
k4

Catecholamines
Norepinephrine

VYanereal Diseasny Resesrch
Laboratory

LE cell

Direct Coomb’s

Lalen-rheumatold factor

Cold IEU“I\II“

Epinaphrine

tmmunological Tests

Antinuclear factor
Cryogiobuling

fmmunophor ~«'s
IgA
g
G

months. The length of the interval bore © »
relationship to the mode of onset or the
severity of the symptoms.

A rammary of the habits and dietary
history of these patients is detailed in Table
3. Three of the four men were cigarctte
smokers with snoking histories of nine

(casm 1), 15 (case 4), and 25 (case 2)
pack-years. Half drank coffee (three or nino
cups per day). All were casual tea drinkers.
Three drank between three and 18 bottlex of
beer each month. One (case 4) drank 120
cans of beer per me~th but no whiskey
while the others consurned less than four

Fig 2.--Hands show further resorption of bone, mmhmnuuumwumd

alt fingers excapt it fifth and right fourth, latler having developed

shortencd phalanges (case 1).

defect. Right §fth

bansverss
ﬁng«hnllwnnddlllomlu‘mpthnddumwelp Soﬂ!h-nm&mmdh




86 OCCUPATIONAL ACROOSTEOLY SIS—DONSON ET Al

imens which were sametines
partitioned in six-hour incre-
::z: ol Lo menls (Table 6). O -
Dorsal-thickening ] tient's third-period value of
hands * +° + 2.8 occurred during a cold
Blanching #treas while plethysmogri.
14 - - 4 I
m::‘::l:o + + + phy was being done (case 1).
Joints Another patlient’s third value
Synorial thickening ;'P' PIPY = - of 1.6 did not increase under
' LT * gimilar cold stress (case 2).
DPlethysmographic studics

Knoss . -

Incidental Dupuytren’s Thickening Shorten.
revealed normal pulse vol-
umes in all but onc patient

Table 5.—Physical Findings on Patients WHh 201

Case 1 Casc 2 Cast 3

212820 S®Yy

. contracture of wrist ing of
FingerR2 and 3 axtensors  fingw |
’ L3and 4 Ups

® Also fingars.
t Proximal interphalangeal.
1 Metacarpophalangeal.

(case 2). All patients ex-
cept one (case 3) showed di-
* minished pulse volumes with

oold stress typical of the
Raynaud’s phenomenon observed in other dis-
eases. Esophageal motor activity was nonmal
jn all subjects as shown by barium fluoro-
scopy and Saladin's et al motility technique.?
. -Radiological Findings.—The radiographic
findings of the four patients analyzed are
summarized in the case report-.

Report of Cases

.. Casg 1.—X-ray films made elsewhere prior t.

the patient’s hospitalization at the Univensity

: ] _ of Michigan axhibited normal hands on Oct 20,

e 1968, and, in 1967, showed marginal bone de-

Fig :ai._&!n'?'"(' snd sclerctic changes in sacro-ulse  fects of the right third and left second, third,
leints  (case . _and fourth distal phalanges nnd"dhut;l fragmen.
tation { stal phalanx rat

m:h(mr;dwmﬂuummuﬂumm digit. On Aug 8, 1967, transverse defects were
. - ) noted on the distal phalanges of the left fingers
one to four and right one (o three, with resorp-

- tion of the distal portion of the distal phalanx .
of the right AAfsl; finger. The appeamance of the
‘hands on Oct 18, 1967, whan the patient was <. .
ﬁntmn.l-dwwnmml.ﬁomemtiw'
chnnna were mud in comparison with the .
pnvbul Ahms, ‘with persistent tranaverss de-
- facts in fingers one to [our on the Jeft and one

.o three on the right with a marginal defect in
" the distal portion of :he distal phalanx of the
right fifth finger. Further check-up examination
, was oblained on Jdan 9, 1969, and Oct 24, 1969,
ﬂn-lullerbeingdvown inFig2 ..

During this period of time, tlm-e luu Imen
fusther resorption of hone, resulting in shorten-
ing of the terminal phalangw of all Bagern
- except the lefi fifth, which has’ remmined unin-

. volvesl, nndd the right fourth, which hus main-

i lllnn‘l itn lmmlh hut i dheveloged n v rae

oo *

Anh F'm-lmn IImllh-—-Vd 22 Jml l.97l
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Fig 5.—Left hand shows marginal defect at tip of distal phalanx of second finger, with transverse
defect in distal pha'anx of third finger. Right hand shows transverss defects in distal phailanges of
second and third fingers and an additional distal marginal defect of second finger (top [case 2)).

Scintipgram shows uptake of sodium fluoride ¥F (bottom).
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Fig 6.~Sacro-lliac Joints show erosive and sclerotic
changes, more marked on left (case 2).

Neeh Environ Iluwllh--"’ul &, dan 1971

BEST AVAILABLE COPY




yL2820 SBY

a8 OCCUPATIONAL ACRDOSTEOLYSIS—DONSON ET AL

Table 8. —Five-hydroxyindole Acetic Acid and Catecholaming Studies In Palients With AOL

. Caze 1 Case 2 Case 3 Casc 4
i mmy L — - oy g
Urine Crest- Uring Creat. Urine Creast- Urine Creat-
Urinary Excretion Mg Volume inine Mg Volume lnine Mg volurr'v:_lnme Mg Vowme inme
Five-hytdroxyindole T
acelie acid .
Bam-2pm Q.78 3% 036 2.0 265 0.59 3%0 0.30
2pm-Bpm 092 460 0.42 22 240 0.54 . 1208 097
spm-2am 2.80 ¢ 730 0.62 1.2 200 0.69 s . 46 033
2am.-8am 0.89 140 Q.12 1:6 210 0.48 . 430 034
Tatal (1) 539 1,720 ).52 7.0 1.0'% 230 . 2,444 194
Totat (2) 58 . 2,170 1.47 —as war .
Total (3) 4.0 1,720 1.46 ves e aee . .
Catecholamine 7.6
Epinephrine 23.6
Norepinephting 6.1

defect. The right fifth finger has shown addi-
tionsl resorption of the phalangal tip. Soft-
tissue clubbing is noted in the shortened
phalangen. Some sclerosia is noted slong the
margina adjacent to the transveru defects. This
patient also showed exienszive erasive and scle-
rotic changes in the sacro-iline joints, ux ween in
Fig 8. An ercsive lesion waz also found in the
planiar surface of thu oz culeis, ux depicted in
Fig 4.

Caz 2—This pzmem had an extensive skelc-
tal survey on Feb 8, 1968. with pasitive findings
limited to the hands and pelvia,

As shown in Fig 5, the Jeit hand revealed a
marginal defect at the tip of the dixtal phalanx
ol the second finger while the third finger
showed a transverse defect in the distal pha-
Janx. At the same time, the right hand present.

ed tranmerse lytic defecta in the diatal pha-
langex of the secund und third fingers and 2n
sdditional distal marginal defect of the sceond
finger.

Figure 5 compares & typical sodium ﬂuo-,
ride ™F scintiscan of the hands and the corre-
sponding roentgenogramx. A alight incresse in
sodium fluoride *F uplake ix seen in Lhe diatal
phalunges of the left third and right second and
third fingers while the uptake ix diminished
over the distal phalanges of the lelt fifth and
right lourth and fifth fingers. Generally, up-
tukes over the remaining hones of (he hands
are uniform,

The sacro-iliac Joints also disphyed extensive
eroa.ve and aclerotic change, more marked on
the left, as xhown in Fig 6.

Cast 3.—Extensive skeletal survey on this

Fig 7~—~Hands show shortening and widening of distal phalanges of ol fingers, with resultant clubbing of
woft tissues (case 3). . "
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(fient un March 18, 1964, showwl shoriening
¥o and widening of the distal phakimges of all
. fingers (Fig 7), with rosultant ¢lubhing of thwe
anoft tizsuen. These changex were interproted nx
the end atagex of healing of AOL. The sacro-il-
inoc joints showed erorive and sclerotic changen,
more marked on the right (Fig B).
Review of previousn x-ray films made els--
where indicated that some wicru-iline juint
chunges were prosent on April 8, 19549, nnd that
the hands had not changed in appearance sinte
October 1965, .
CaSE 4.~—Review of previous x.-ray films
made of this patient indicated that no abnor-
mality of the handt was present on Feb 20,
1867, or Jan 23, 1968. On July 15, 1968, films of F - y— ; ok Rer R
the sacro-ilisc joints exhibited erosive and acle- ch:-:n. m&.'mh;f ::mu"s:‘g: b perone
rotic changes, and the hands revealed marginal = s o
defect of the distal phalanges of the left third
and the vight fourth fingers, alight irregularity
of distal phalanx of the right fifth finger, and
transverse defects of the distal phalanges of the
thurnbs bilaterally.
8keletal survey on Oct 20, 1968, noted sepa-
ration of the tip of the styloid process of the
right ulna, marked resorptive and aclerotic
changes of the sacro-iliac joints (Fig 9), and
soms progression of the hand involvement, with
transverse defects now involving the distal
phalanges of the left digits one o three and

\. Fig 10—Hands show transverse defects in distal .
phalanges of left ingers one 10 three and right fingers ' i
ont and four, with an sdditional marginal defect of Fig 9.—Sacro-ilisc join
. ieft second finger (case 4). changes bilaterally (case
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90 OCCUPATIONAL ACROOSTZOLYSIS—NONSON ET AL

right digits one and four and an additsnal
marginal defect of the left second digit (Fig
10). Irregularity of the lower pole of the right
patella wan also noted.

Comments

Raynaud’s phenomenon was the first
manifestation noteu by these subjects and in

" the majority of the cases reported, Harris

and Adams® reported one case In which
distal digit shortening occurred first, while
Wilson et alt noted this in five of his 31
cases. This suggests that the vascular lesion
tends to antecede the bone changes in most
individuals, None of these patients exhibited
Raynaud’s phenomenon of the feet, which
confirms Wilson et al's experience. All of
these individuals had been “reactor clean-
ers” je, they spent some hours each week
cleaning the polyvinyl chloride polymeriza-
tion kettles shortly prior to or at the time of
the onset of their disease. No consistent
relationship was found beiween the occur-
rence of severity of either Raynaud's phe-
nomenon or the osteolytic lesions and those
habit patterns which have been shown to
influence vascular reponses, eg, cigarette
smoking and the ingestion of alecohol, coffee,
or tea. Likewise, neither the bone lesions
nor Raynaud’s phenomenon seemed to cor-
relate with the daily consumption of milk or
dietary calcium. Dallas and Nordin!® have
shown that while dietary deficiencies or cal-
«dum may or may not polentiate osteoporo-
sis of various types, an adequate calclum
intake of 15 mg/kg Is protective. Only one
patient (case 2) had less than this amount
(5.8 mg/kg). Since such dietary histories
have been shown to be quite reliable, their -
habitual calcium intakes do not appear to be
2 consistent causative factor in thair casen,
Likewise, the calcium-phosphorus balance -
studies on these men reveal no clear-cut
abnormality or pattern. This result might be -
anticipated gince these men have been away
from reacior cleaning for several months,
and the mass of involved bone ir xlight
compared to the entire skeleton, Howover, it
should be pointed out that & two-week bal-
ance period in & rhort obscrvation period
though they were pliced on calcium and
phasphorus intakes comparable to their wa-
al cating habitx to obwinte disruplion of
thefr “stendy state”

At first glance, it appeared that there was
a rich history of heart disease or hyperten-
sion or both in the parents of these men.
Comparison of them with healthy mole
chemical workers not involved in polyvinyl
chloride manufacture and matched in age
sugxest.s a significant corrviation by the x*
test, using Yate's correction, Whether such
an observation suggests a hereditary trailty
to explain the susceptibility of those individ-
uals developing AOL js epeculative, The ¢
number of observations is too small to sup-
port seriously such a contention at this time,
" The extent and character of other muscu-
lar skeletal findings such as tendon and
synovial thickening confirm the findings of
others,

We are able to offer no suitable explana.
tion for the frequent episodes of intermittent

orthoetati¢ tinnitus described by three of

these men.

Suciu et al described liver enlauement.
various vague asthenic symptoms, and mani-
festations of hypothyroidirm. Such findings
were not present in these men or had they
been in the past.

The radiological findings in occupational
AOL have been reviewed recently on the,
basis of the epidemiological investigation ol
the polyvinyl chloride industry. Workers in
other countries have described lytic Jesions
in the distal phalanges of the hands, styloid
processes of the ulna and radius, and the
sacro-ilizc joints. 234

These four patients demanstrate the en-
tire gpecirum of radiographic hand changes
in occupational AQL from the earliest mar-
ginal erosion of the distal phalanx through
the extenaive transverse defeet, with ulti-
mate healing resulting in a short and wide
. phalanx. The fact that all four showed sac.

ro-iliac involvement suggests that the inci--
,dence of invalvement at this site s pmbnbly
hlgher than proviously suspeeted.

The additional smaller abnonnalitios
found in the ulnar styloid, os calax, and
Jower pole of the patelln ruggest that these
arcas might well be evaluated in other ceax
ax they appear in order o get a more aceur-
ate estimate of their incidence,

The rodiuin fluoride "F seinfiscan data
suggends that the more pdvanaed asdeolytic
changes wilh transvena defeets ot this link
were picking up more flvorine and probably
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