
& p . 1 :Abstract Rapid destructive arthritis
of the shoulder, although uncom-
mon, has received much attention in
the recent medical literature. It has
been described by several authors
under varied names: hemorrhagic
shoulder of the elderly, Milwaukee
shoulder syndrome, rapid destructive
arthritis of the shoulder, apatite-asso-
ciated destructive arthritis and idio-
pathic destructive arthritis of the
shoulder. This particular form of ar-

thritis affects mainly elderly patients,
predominantly women, with limited
pain, rotator cuff tear, joint instabili-
ty, voluminous mildly inflammatory,
blood-stained effusion, basic calcium
phosphate crystals, and marked joint
and bone destruction.
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Introduction

Rapid destructive arthritis (RDA) of the shoulder, al-
though uncommon, has received much attention in recent
medical literature. It has been described under various
names, but all previously reported cases share many clin-
ical, radiological, and laboratory features in common. It
affects elderly patients, predominantly females, with rap-
id development of joint destruction in the presence of a
large noninflammatory effusion, often blood-stained,
containing large amounts of hydroxyapatite crystals. Ra-
diologically, it bears resemblance to neuropathic and
neuropathic-like arthropathies, and its etiology remains
unclear.

In this paper, the clinical and radiological features of
this disorder are described, and current views on its
pathogenesis are discussed.

Clinical features

RDA of the shoulder was perhaps described first by
Smith and Adams in the nineteenth century [1]. In 1967,
deSeze, under the diagnosis “hemorrhagic shoulder of
the elderly,” described 30 cases with two sorts of arthro-
sis: the first with rapid loss of active movement followed

by blood-stained joint effusion and degenerative changes
of the glenohumeral joint, and the second type with more
chronic, large joint effusion and marked rotator cuff at-
trition causing disability of function [2]. In 1977 Lamb-
eley et al. [3] reported nine other cases with a spectrum
of radiologic features ranging from osteoarthritic chang-
es of the glenohumeral joint to destructive lesions of the
humeral head, acromion, and sometimes clavicle and
glenoid. In 1981, McCarty et al. [4] described, under the
title “Milwaukee shoulder syndrome,” four patients with
painful shoulders and rotator cuff rupture. Analysis of
the joint fluid, which was blood-stained in two cases, re-
vealed large amounts of hydroxyapatite crystals and high
levels of activated collagenase. In 1982, under the name
“rapid destructive arthritis of the shoulder,” Lequesne et
al. [5] described six elderly female patients with similar
clinical and radiological pictures, including osteolysis of
24–100% of the articular surface within a 6-month peri-
od, rotator cuff disintegration, and often blood-stained
joint effusions. In 1984, using the designation “apatite
associated destructive arthritis,” Dieppe et al. [6] report-
ed 12 patients with destructive arthritis of the shoulders
(n=10), knees (n=7), hips (n=3), and mid-tarsal joints
(n=2). Clinically, patients had joint instability and large
noninflammatory effusions, which were blood-stained in
8 of 21 samples. Campion et al. [7] recently used the
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term “idiopathic destructive arthritis of the shoulder” to
designate a severe destructive arthritis of the shoulder of
unknown etiology. They compared this disorder with py-
rophosphate arthropathy, neuropathic arthropathy, and
rheumatoid arthritis in terms of radiological, clinical, and
laboratory findings. Although there was overlap in the
two groups of patients in this study, several findings
seem to define this entity: elderly patients, predomi-
nantly female, with rotator cuff rupture, joint instability,
voluminous blood-stained effusions, basic calcium phos-
phate (BCP) crystals (hydroxyapatite, octacalcium phos-
phate, tricalcium phosphate), little inflammation, and
marked bone and cartilage destruction. Campion thought
that similar pictures could result from a variety of start-
ing points and that similar patterns of mechanism may be
involved.

Patients with RDA of the shoulder are usually female
(80%) and over 70 years of age, with the age range going
from 53 to 90 years. Most patients have symptoms dat-
ing from several years back, but others have marked de-
terioration over a span of less than a year. Both shoulders
are involved in 64% of cases, with greater involvement
of the dominant side. Mild to moderate pain may occur,
especially after joint use, and pain may be severe even at
rest. Physical examination reveals a markedly restricted
painful shoulder with evidence of rotator cuff rupture
and severe instability. Large cool joint effusions of
40–250 ml, often blood-stained (80%), are usually pres-
ent. One of our patients yielded 1500 ml blood-stained
fluid on aspiration. Occasionally there is rupture of the
shoulder joint with drainage of blood-stained fluid into
the periarticular soft tissue lasting for weeks or months
[8].

Although shoulder involvement predominates, knees
and hips are also affected. The knees are involved to-
gether with the shoulders in 50% of cases [9]. Other
joints such as elbows, ankles, wrists, and intertarsal
joints are less often affected. Analysis of synovial fluid
aspirate reveals large concentrations of BCP, and in
about 10%, pyrophosphate crystals are also seen [9]. The
total white cell count is usually low (less than 2000
cells/ml) with a predominance of mononuclear cells, but
there may at times be as many as 50000 cells/ml [10].
Occasionally, neutrophils may predominate [10]. Low
levels of collagenolytic activity were found in at least
one synovial fluid sample from half of the patients stud-
ied by McCarty et al. [8]. Particulate collagens and ele-
vated neutral protease activity were also found in the sy-
novial fluid [8]. Synovial biopsies showed increased
numbers of villi, focal synovial living cell hyperplasia, a
few giant cells, fibrin, and BCP crystal deposits [6, 7].
Crystals have been observed within membrane-bound
phagosomes of synovial cells on electron microscopy
study [9].

Pathogenesis

Periarticular and articular tissues are common sites for
the deposition of crystal salts with different forms and
chemical structures [11–14]. In osteoarthritic cartilage
three distinct types of calcification are observed: micro-
crystals within mineral nodules, most commonly near the
area adjoining the subchondral bone; dense cuboidal-
shaped crystals of the apatite family, found with high
density in the pericellular matrix containing cell debris
around the surface chondrocytes; and fine, needle-shaped
hydroxyapatite crystal clusters seen on the cartilage sur-
face in the amorphous zone [9, 15]. These latter crystals
are also seen in the synovium, and they resemble those
found in the synovial fluid [9]. Calcium pyrophosphate
crystals are also deposited in the osteoarthritic cartilage
in about 11% of cases, whereas fine needle-shaped hy-
droxyapatite crystals are found in 56% of cases [16]. Cu-
boidal-shaped crystals have also been described in the
superficial zone of elderly normal cartilage [14].

The metabolic derangements responsible for the hy-
droxyapatite crystal deposition are poorly understood. It
has been postulated that inorganic pyrophosphate may
accumulate in excess in the cartilage as a result of in-
creased nucleotide turnover secondary to chondrocyte
proliferation or injury [17]. In the study of the relation-
ship between purine catabolic enzymes and arthropathies
associated with calcium crystal deposition disease, Wort-
mann et al. [18] found that the levels of synovial fluid 5'-
nucleotides (5NT) and nucleoside triphosphate pyropho-
sphohydrolase (NTPPPPH) in osteoarthritic patients
were increased when hydroxyapatite crystals were pres-
ent, with even higher elevations when there was exis-
tence of both hydroxyapatite crystals and pyrophosphate
crystals in the synovial fluid.

The presence of hydroxyapatite crystals in the syno-
vial fluid of patients with osteoarthritis was first reported
in 1976 [19]. Subsequent studies revealed these crystals
in joint fluid in 50–60% of patients with osteoarthritis
[20–22], and they are commonly seen with pyrophos-
phate crystals in osteoarthritic knee joints [23–25]. The
role of hydroxyapatite crystals in RDA of the shoulder is
still controversial. Dieppe and Watt [26] suggested that
deposition of crystals is a secondary, opportunistic event
in damaged cartilage, but the crystals may further con-
tribute to the joint pathology. Other authors postulated
that hydroxyapatite crystals, phagocytosed by synovio-
cytes and chondrocytes, activate the release of collage-
nase and neutral protease [27, 28]. These proteolytic en-
zymes then digest connective tissue matrix, leading to
joint destruction with the release of additional crystals
from cartilage and bone, and of particulate collagen into
joint space, thereby aggravating the destructive process
[27]. A relationship between both the presence and con-
centration of hydroxyapatite and the severity of joint
damage has also been recognized [29].
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The stimulation of cytokines by hydroxyapatite crys-
tals has not been thoroughly studied [9, 30]. In the study
of monocyte–crystals interaction, Dayer et al. [31] found
that synthetic pyrophosphate crystals and, to a lesser ex-
tent, synthetic hydroxyapatite crystals stimulate interleu-
kin (IL-1) release from monocytes; both crystals also di-
rectly induce collagenase and prostaglandin E2 secretion
by chondrocytes [31]. IL-1 has been implicated in carti-
lage and bone degradation in inflammatory and nonin-
flammatory arthritides [32–34].

The study of crystal-induced disease has been ham-
pered by problems in terminology, and this has been
compounded by the occurrence of crystals in otherwise
“nondiseased” tissues and the marked variability in the
associated syndromes [35]. Likewise, hydroxyapatite-as-
sociated disorders are varied, including calcific periar-
thritis, calcinosis, acute arthritis, and asymptomatic [9,
36]. The deposited hydroxyapatite crystals in the carti-
lage may be among several biophysical and biochemical
factors noxious to the environment of the chondrocytes,
leading to degradative changes [7, 8]. RDA of the shoul-
der may represent a peculiar form of osteoarthritis with
atrophic and destructive changes. Hoffman and Reginato
[10], however, thought that it is a unique entity rather
than a sequel of osteoarthritis, the reasons being three-
fold: (1) primary osteoarthritis is infrequent in the shoul-
der, (2) high levels of activated collagenase-neutral pro-
tease and fragments of collagen are found in the synovial
fluid of patients with severe hydroxyapatite arthropathy,
and (3) synovial membrane tissue culture exposed to hy-
droxyapatite release these enzymes, underscoring the de-
structive potential of abnormally stimulated synovial liv-
ing cells. The relationship between hydroxyapatite and
osteoarthritis is difficult to elucidate because the preva-
lence of hydroxyapatite deposition in normal aging carti-
lage is not known and because of the evolving concepts
of the entity of osteoarthritis [37–39]. In addition, the
reasons why hydroxyapatite crystals cause morbidity at
some times and remain latent at other times are mysteri-
ous. Possible factors are the quantity, size, surfaces,
chemical nature, surface-coating proteins of the crystals,
and the interaction between different types of crystals in
the milieu [40, 41].

Radiologic features

Early radiographic changes consist of a high-riding hu-
meral head due to rotator cuff tear, with mild subchon-
dral bone sclerosis and narrowing of the glenohumeral
joint space, but with little or no osteophytosis (Fig. 1).
These changes may stabilize or show minimal cartilage
erosions for several years, followed by sudden deteriora-
tion in a dramatic fashion (Figs. 2–4). The bones on both
sides of the joint are severely damaged, with extension
into the undersurface of the acromion, the coracoid pro-
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cess, and the distal clavicle (Figs. 5, 6). Pseudoarthrosis
between the humeral head, coracoid, and acromion is
common. In the knees, the lateral femorotibial compart-
ment is involved in 39%, and the medial femorotibial
compartment in 31%, with joint space narrowing, sub-
chondral bone sclerosis, and erosion, but with little or no
osteophytosis.

In one of our patients, calcifications were deposited in
the suprapatellar soft tissue of both knees. These calcifi-
cations induced inflammatory changes in the adjacent
soft tissue and resolved over a period of 1 year. Other in-
volved joints also show atrophic and destructive features
[6].

RDA of the shoulder usually occurs without known
precipitating factors. In 25% of cases, it is preceded by
overuse or trauma, including recurrent subluxation, a fall
on outstretched hands, professional wrestling, jackham-
mer operation, or a motor vehicle accident [9]. The pa-
tient in case 4 suffered anterior subluxation of the hu-
meral head, and the patient in case 2 had fallen on his
outstretched hands.

Radiologically, RDA may mimic other destructive ar-
thritides of the shoulder, including neuropathic arthropa-
thy, pyrophosphate arthropathy, dialysis arthropathy,
rheumatoid arthritis and infectious arthritis. Early radio-
graphic changes in neuropathic arthropathy resemble
those of osteoarthritis with subchondral bone sclerosis,
joint space narrowing, and osteophytosis. Later, persis-
tent joint effusion and fractures and fragmentation of ar-
ticular bones with osseous debris point to the possibility
of neuropathic arthropathy. Syringomyelia is a leading
cause of neuropathic arthropathy of the shoulder. The
neuropathic form of pyrophosphate arthropathy is associ-
ated with rapid and marked subchondral bone collapse

Fig. 1 Case 1: a 50-year-old woman. Left shoulder radiograph
showing erosion of the humeral head and the humeral shaft with
narrowing of the gleno-humeral joint space& / fi g. c :
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and fragmentation and the appearance of intra-articular
osseous bodies. In contrast to the hypertrophic changes
of pyrophosphate arthropathy, RDA is usually associated
with atrophic destructive bony changes with little or no
osteophytosis [7]. In 20–30% of long-term dialysis pa-
tients, erosive arthropathy develops [42]. Destructive

Fig. 2A, B Case 2: a 55-year-old man. A Right shoulder radio-
graph showing upward displacement of the humeral head with
mild subchondral and medial metaphyseal erosion. Destructive le-
sions of the glenoid cavity and distal clavicle are present. B Left
shoulder radiograph showing marked destruction of the humeral
metaphysis and humeral head. Destructive changes of the distal
clavicle and erosion of the glenoid are seen. Note calcification of
the joint capsule and joint effusion. Three years earlier, the patient
had mild osteoarthritic changes of the glenohumeral joints& / fi g. c :

Fig. 3 Case 3: a 72-year-old woman. Right shoulder radiograph
showing osteolysis of the humeral head, destruction of the glenoid,
and curvilinear calcification of the distended capsule. Approxi-
mately 3 years earlier, this shoulder was radiographically normal& / fi g. c :

Fig. 4 Case 4: a 67-year-old man. Right shoulder radiograph
showing marked destruction of the humeral head and the glenoid& / fi g. c :

changes affect the spine, small and large peripheral
joints, including shoulder, hip, knee, and wrist. In the
shoulder joint, early articular lesion usually involves the
lateral superior aspect of the humeral head, and these
changes are usually associated with radiolucencies in the
humeral head [43, 44]. In later stages, extensive atrophic
destructive changes of the glenohumeral joint may devel-
op, simulating RDA. The pathophysiology of dialysis ar-
thropathy is probably multifactorial. Amyloid β2-micro-
globulin deposits, crystal deposition, aluminum, and sec-
ondary hyperparathyroidism are potential factors [44].

The patient with rheumatoid arthritis may present
with pain, tenderness and restricted motion of the shoul-
ders, joint effusion, and subacromial bursitis. Diffuse
loss of the glenohumeral joint space will develop sec-
ondary to progressive destruction of humeral subchon-
dral bone and glenoid cavity. Opposing contact surfaces
of the humerus and glenoid may develop secondary os-
teoarthritic changes. Erosive lesions caused by inflamed
synovial tissues involve both the glenoid and the humer-
us, especially on the superior lateral aspect of the humer-
al head with deformity, flattening of the articular surface,
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RDA of the shoulder is a fascinating form of destruc-
tive arthritis which bears resemblance to neuropathic and
neuropathic-like arthropathies. This arthropathy is re-
markable for its radiographic features, which are destruc-
tive and atrophic, and its clinical manifestation, which is
more or less distinctive. Further studies are needed for the
elucidation of its mysterious etiology and pathogenesis.
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and rupture of the rotator cuff at a later stage. The dif-
fuse joint space involvement and the clinical and immu-
nological information help one to arrive at the correct di-
agnosis. Septic arthritis of the shoulder is uncommon in
the elderly in a previously normal joint. It may be associ-
ated with gross destruction of cartilage and articular
bone, and eventually fibrous or bony ankylosis.

References

1. McCarty JD, Adams R. Rheumatic ar-
thritis of the shoulder: “Milwaukee
shoulder” revisited. J Rheumatol 1989;
16: 668–669.

2. DeSeze M. L’actualité rhumatologique,
vol 1. Paris: Expansion Scientifique
Francaise, 1968: 107–115.

3. Lamboley C, Bataille R, Rosenberg F,
et al. L’épaule sénile hémorrhagique: à
propos de 9 observations.
Rhumatologie 1977; 29: 323–330.

4. McCarty DJ, Halverson PB, Carrera
GF, et al. ‘Milwaukee shoulder’ – asso-
ciation of microspheroids containing
hydroxyapatite crystals, active collage-
nase, and neutral protease with rotator
cuff defects. Arthritis Rheum 1981; 24:
464–491.

5. Lequesne M, Fallut M, Coulomb R, et
al. L’arthropathie destructive rapide de
l’épaule. Rev Rhum 1982; 49: 427–437.

6. Dieppe PA, Doherty M, Macfarlane
DG, et al. Apatite associated destruc-
tive arthritis. Br J Rheumatol 1984; 23:
84–91.

7. Campion GV, McCrae F, Alwan I, Die-
ppe PA. Idiopathic destructive arthritis
of the shoulder. Semin Arthritis Rheum
1988; 17: 232–245.

8. McCarty DJ, Swanson AB, Ehrhart
RH. Hemorrhagic rupture of the shoul-
der. J Rheumatol 1994; 21: 1134–1137.

9. Halverson PB, McCarty DJ. Arthritis
and allied conditions, 12th edn. Phila-
delphia: Lee & Febiger, 1993:
1857–1872.

Fig. 5A, B Case 5: a 80-year-old woman. A Right shoulder radio-
graph showing erosion of the glenoid and high riding of the erod-
ed humeral head. Note pseudarthrosis between the humeral head,
the acromion, and the clavicle. B Left shoulder radiograph show-
ing mild erosion of the glenoid, the humeral metaphysis, and up-
ward displacement of the eroded humeral head. Contour defects of
the distal clavicle and acromion are present& / fi g. c :

Fig. 6 Case 6: a 68-year-old woman. Right radiograph showing
erosion of the glenoid and upward displacement of the eroded hu-
meral head. Contour defect of the distal clavicle is present. Note
an oblong ossified body lateral to the humeral head& / fi g. c :

simio
Realce

simio
Realce

simio
Realce



10. Hoffmann GS, Reginato AJ. Harrison’s
principles of internal medicine, 13th
edn. New York: McGraw-Hill, 1994; 2:
1699–1701.

11. Dieppe P. New knowledge of chondro-
calcinosis. J Clin Pathol 1978; 31
[Suppl]: 214–222.

12. Ali SY, Griffiths S. Matrix vesicles and
apatite deposition in osteoarthritis. In:
Ascenzi A, Bonucci E, deBernard B,
eds. Matrix vesicles. Milan: Wichtig,
1981: 241–247.

13. Ohira T, Ishikawa K. Hydroxyapatite
deposition in osteoarthritic articular
cartilage of the proximal femoral head.
Arthritis Rheum 1987; 30: 651–660.

14. De Marante I, MacDougall R, Ross A,
et al. Ultrastructural observations of
crystals in articular cartilage of aged
human hip joints. Ann Rheum Dis
1983; 43 [Suppl]: 96–97.

15. Stockwell RA. Distribution of crystals
in the superficial zone of elderly hu-
man cartilage of the femoral head in
subcapital fracture. Ann Rheum Dis
1990; 49: 231–235.

16. Doyle DV, Dieppe PA, Crocker, et al.
Mixed crystal deposition in osteoar-
thritic joint. J Pathol 1977; 123: 1–5.

17. Muniz O, Pelletier JP, Martel-Pelletier
J, et al. NTP pyrophosphohydrolase in
human chondrocalcinotic and osteoar-
tritic cartilage. Some biochemical char-
acteristics. Arthritis Rheum 1984; 27:
186–192.

18. Wortmann RL, Veum JA, Rachow FW.
Synovial fluid 5'-nucleotidase activity
relationship to other purine catabolic
enzymes and to arthropathies associat-
ed with calcium crystal deposition. Ar-
thritis Rheum 1991; 34: 1014–1020.

19. Dieppe PA, Huskisson EC, Crocker P,
et al. Apatite deposition disease: a new
arthropathy. Lancet 1976; 1: 266–269.

20. McCarty DJ, Cheung HS, Halverson
PB, Garancis JC. Milwaukee shoulder
syndrome: microspherules containing
hydroxyapatite, acetic collagenase and
neutral protease in patients with rotator
cuff defects and glenohumeral osteoar-
thritis. Semin Arthritis Rheum 1981;
11 [Suppl 1]: 119–121.

21. Halverson PB, McCarty DJ, Cheung
HS, et al. Milwaukee shoulder syn-
drome: eleven additional cases with in-
volvement of the knee in seven (basic
calcium phosphate deposition disease).
Semin Arthritis Rheum 1984; 14:
36–44.

22. Hamilton E, Pattrick M, Hornby J, et
al. Synovial fluid calcium pyrophos-
phate dihydrate crystals and Alizarin
red positivity: analysis of 3000 sam-
ples. Br J Rheumatol 1990; 29:
101–104.

23. Schumacher HR. The role of inflam-
mation and crystals in the pain of os-
teoarthritis. Semin Arthritis Rheum
1989; 18: 81–85.

24. Halverson PB, McCarty DJ. Patterns of
radiographic abnormalities associated
with basic calcium phosphate and cal-
cium pyrophosphate dihydrate crystal
deposition in the knee. Ann Rheum Dis
1986; 45: 603–605.

25. Paul H, Reginato AJ, Schumacher HR.
Alizarin red S as a screening test to de-
tect calcium compounds in synovial flu-
id. Arthritis Rheum 1983; 26: 191–100.

26. Dieppe PA, Watt I. Crystal deposition in
osteoarthritis. An opportunistic event.
Clin Rheum Dis 1985; 11: 367–391.

27. Halversen PB, Cheung HS, McCarty
DJ. Enzymatic release of microspher-
oids containing hydroxyapatite crystals
from synovium and of calcium pyro-
phosphate dihydrate crystals from car-
tilage. Ann Rheum Dis 1982; 41:
527–531.

28. Cheung HS et al. Release of collage-
nase neutral protease and prostaglan-
dins from cultured synovial cells by
hydroxyapatite and calcium pyrophos-
phate dihydrate. Arthritis Rheum 1981;
24: 1338–1344.

29. Halvorsen PB, McCarty DJ. Identifica-
tion of hydroxyapatite crystals in syno-
vial fluid. Arthritis Rheum 1979; 22:
389–395.

30. Bertazzolo N, Punzi L: Interrelation-
ship between interleukin 8 and neutro-
phils in the synovial fluid of crystal in-
duced arthritis. J Rheumatol 1994; 21:
1776-1777.

31. Dayer JM, Evequoz V, Zavadil-Grob C,
et al. Effect of synthetic calcium pyro-
phosphate and hydroxy-apatite crystals
on the interaction of human blood
mononuclear cells with chondrocytes,
synovial cells, and fibroblasts. Arthritis
Rheum 1987; 30: 1372–1381.

32. Pelletier JP, Dibattista TA, Rougley PJ,
McCollum R, Martel-Pelletier J. Cyto-
kines and inflammation in cartilage
degradation. Rheum Dis Clin North
Am 1993; 19: 545–567.

33. Brandt KD, Mankin HF. Textbook of
rheumatology, 4th edn. Philadelphia:
Saunders, 1991: 1355–1373.

34. Pujol JP, Galera P, Redini F, Mauviel
A, Loyau G. Role of cytokines in os-
teoarthritis: comparative effects of in-
terleukin 1 and transforming growth
factor-β on cultured rabbit articular
chondrocytes. J Rheumatol 1991; 18
[Suppl 27]: 76–79.

35. Doherty M. Calcium and miscella-
neous crystal deposition disease. Curr
Opin Rheumatol 1989; 1: 294–302.

36. Faure GC, Dieppe P. Rheumatology.
London: Mosby Year-Book, 1994: sec-
tion 7, p 14.1.

37. Watt I, Dieppe P. Osteoarthritis revisit-
ed. Skeletal Radiol 1990; 19: 1–3.

38. Croft P. Osteoarthritis. Br J Rheumatol
1990; 29: 391–395.

39. Howell DS, Pelletier JP. Etiopathogen-
esis of osteoarthritis. In: Arthritis and
allied disorders, 12th edn. Philadel-
phia: Lea & Febiger, 1993: 1723–1734.

40. Schumaker HR, Brandt KD. Crystal de-
position diseases and osteoarthritis.
Curr Opin Rheumatol 1989; 1:
283–285.

41. Terkeltaub RA, Ginsberg MH. The in-
flammatory reactions to crystals.
Rheum Dis Clin North Am 1988; 14:
353–363.

42. Rubin LA, Fam AG, Rubenstein J,
Campell J, Saiphoo C. Erosive osteoar-
thropathy. Arthritis Rheum 1984; 27:
1086–1093.

43. Bonavita JA, Dalinka MK. Shoulder
erosions in renal osteodystrophy. Skel-
etal Radiol 1980; 5: 105–108.

44. Bardin T, Kuntz D. Dialysis arthropa-
thy. In: Klippel JH, Dieppe PA, eds.
Rheumatology. London: Mosby Year-
Book, 1994: section 7, pp 26. 1–4.

112




