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Does aluminium have a pathogenic role in dialysis associated
arthropathy?

Dialysis has improved the prognosis and quality of life for
patients with chronic renal insufficiency, but at the price of
various complications. The first to be recognised were the
acute myoclonic encephalopathies,' 2 whose main cause is
aluminium overload. This overload results from the use of
phosphate binding gels containing aluminium to lower the
hyperphosphataemia of these patients, and also from
dialysis solutions with a high aluminium content. The
incidence of this syndrome has decreased dramatically since
the lowering of aluminium concentrations in dialysis solu-
tions and the monitoring of plasma aluminium concentra-
tions in these patients. Nevertheless, some patients still
have altered cerebral function related to moderate aluminium
overload.3 Other complications can arise in patients receiv-
ing long term dialysis,4 5 including hypochromic anaemia6
and osteomalacia.7 The common factor in these complica-
tions is the toxicity of aluminium to the organs and tissues
affected.
Thus aluminium can induce encephalopathies in rats,8

and its tropism for the grey matter of the central nervous

system in man has been shown.' Similarly, this element can

inhibit bone mineralisation9; it is toxic to osteoblasts and
accumulates at the mineralisation front of bone in patients
undergoing dialysis.5 9 Indirect evidence of the toxicity of
aluminium is the improvement in neurological, haemato-
logical, and bony disorders produced by the chelator
desferrioxamine. In particular this chelator enhances the
activity oferythrocyte (and probably brain) dihydropteridine
reductase, and improves the psychomotor function of the
patient receiving long term haemodialysis.3

Dialysis associated arthropathy
Certain osteoarticular complications of long term haemo-
dialysis were recognised early. 1'12 These include epiphysial
necrosis, septic or microcrystalline arthritis, lesions of
hyperparathyroidism, and tendon ruptures. The increased
survival times of patients undergoing haemodialysis have
more recently shown a set of manifestations'-'8 described
under the term 'dialysis associated arthropathy'. This
crippling disorder affects a large number of patients after 10
years of haemodialysis. It is expressed clinically by carpal
tunnel syndrome, often bilateral and recurrent, or destruc-
tive arthropathies affecting the spine and limbs. Radiographs
typically show erosive spondyloarthropathy and juxta-

articular cystic lesions of the limbs, predominantly in the
wrists, shoulders, knees, and hips. The histological aspects
are highly polymorphous, varying with the joint and the
patient, so that division of dialysis associated arthropathy
into several subgroups has been suggested.'7 Nevertheless,
a particular amyloidosis consisting of 02 microglobulin
amyloid'9 20 iS often involved in compression of the median
nerve and forms the main constituent of 'bone cysts'. IP2
Microglobulin deposits undoubtedly participate in the
lesions of dialysis associated arthropathy, but such deposits
are sometimes asymptomatic'6 17 21 and do not account for
all the joint lesions. Other histological findings have been
reported,'7 22 23 including non-specific synovitis, especially
in arthropathies with hydarthrosis; synovial fibrosis; and
iron deposits in the synovium.

Several factors, none of them clearly dominant, seem to
contribute to the appearance of dialysis associated arthro-
pathy. The duration of dialysis plays a part, but at equal
durations of dialysis the incidence of arthropathy increases
with the patient's age.24 Hyperparathyroidism may favour
the destructive spondyloarthropathies,17 whereas it does not
seem to be a risk factor in carpal tunnel syndrome. 8 Other
factors have been considered, such as the type of dialysis
membrane,25 or the presence within affected joints of
microcrystals26 or of deposits of iron 7 22 23 27 or alu-
minium.2130 As aluminium is toxic to various tissues,
particularly nervous and bony tissues, a discussion of its role
in the pathogenesis of dialysis associated arthropathy may
be useful.

Articular accumulation of aluminium in dialysis
associated arthropathy
It has been established that aluminium accumulates in the
articular structures of patients receiving long term dialysis.
In 1981 and 1984 we reported increased deposition of
aluminium in the joint structures in haemodialysis patients
receiving phosphate binding agents containing alu-
minium.21 29 Aluminium crosses the synovial barriers; it is
found in synovial fluid, and the aluminium concentrations
in synovial tissue are two- to 10-fold higher in dialysis
patients ingesting gels containing aluminium than in patients
with normal renal function.29 More recently, we compared
the concentrations of aluminium in synovial tissue and joint
cartilage samples from 28 patients who had been receiving
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dialysis for an average of 123 months with those from
controls of the same age who had not been given drugs
containing aluminium,30 all of whom were operated on for
carpal tunnel syndrome or arthropathy of the limbs. We
found that aluminium concentrations were about 10-fold
higher in the haemodialysed patients than in controls. In
patients receiving dialysis the concentrations were 17-4 ,tg/g
wet weight in synovial tissue and 20-2 ,tg/g in cartilage; the
respective values in control patients yvere 1-7 and 2-4 [ig/g.
Yver confirmed these data using the desferrioxamine test to
evaluate the accumulation of aluminium in 63 patients who
had undergone haemodialysis for at least six years.3' The
aluminium overload was greater in the patients with dialysis
associated arthropathy than in those free of the condition. In
a recent multicentre study (Kessler et al, unpublished data),
although the desferrioxamine test certainly did not show a
statistically significant difference in aluminium overload
between these two types of dialysis patients, nevertheless
the highest aluminium increments were found in the
patients with joint complications.

Is aluminium toxic to joint tissues?
Though aluminium overload has not been shown to cause
joint disorders, it has been implicated by various studies,
some of them concerning the mechanism of this toxicity.
Aluminium may favour damage to joints, and particularly to
cartilage, by permitting the release of free radicals. Mitrovic
compared the action of various metallic salts on the
production ofoxygen free radicals by neutrophilic leucocytes
in vitro.32 At concentrations from 0 5x 10-3 mol/l to
1x 10-6molI/l, only three of them (AIC13, A12(SO4)3, and
FeCl3) stimulated the production of oxygen free radicals. As
the two aluminium salts stimulated three times the produc-
tion that FeCI3 stimulated it might be suggested that
aluminium when concentrated in the joint tissues increases
the production of oxygen free radicals, resulting in lysis of
chondrocytes and depolymerisation of the macromolecules
of the cartilage matrix.

Studies in animals have shown the inflammatory effect of
aluminium. When injected in the rat rear paw, crystalline
aluminium phosphate causes a local inflammation, which is
less severe than that caused by carrageenan but more severe
than that caused by calcium hydrogen phosphate di-
hydrate.33 The administration of amorphous or crystalline
aluminium phosphate into rabbits' knees induces synovitis-
more marked with the crystalline form-associated with
joint effusion.34 This resembles the synovitis with
hydarthrosis seen in patients with dialysis associated arthro-
pathy. The histology34 of these experimentally induced
arthropathies showed acute synovitis with partial ulceration
of the synovial lining, which was replaced by fibrinleucocyte
aggregates. The cartilaginous lesions, visible in transmission
electron microscopy, were moderate: a slight lipid excess in
chondrocytes with sometimes a localised increase in micro-
filaments and, particularly, faster cell multiplication than in
controls, and the presence of mineralisation vesicles. In
scanning electron microscopy, coupled with wavelength
dispersive microprobe, aluminium associated with phosphate
was found in cellular elements. In addition, transmission
electron microscopy showed lysosomal inclusions of phago-
cytosed material in synovial cells. These features resemble
those seen previously in a patient with chronic renal insuf-
ficiency receiving haemodialysis and treated with aluminium
compounds.28 29 Similar lesions were seen in cerebral tissue
of patients with aluminium intoxication, where the lyso-
somes contained aluminium associated with phosphate.35 As
in cerebral cells, the presence of intracellular aluminium in
the synovial cells shows that lysosomes are sites of concen-
tration and precipitation of mineral elements.

Aluminium may also have an indirect effect. It is mainly
bound to transferrin in plasma3138; hence the possibility of
interactions with iron. Thus joint deposits of iron have been
shown in joint tissues containing 12 microglobulin in
patients undergoing dialysis.39 These iron deposits favour
inflammatory infiltrates. 7 A synergy between iron and
aluminum in the tissues has been suggested. AI(m) salts did
not stimulate peroxidation of ox brain phospholipid lipo-
somes, but greatly accelerated the peroxidation induced by
iron(II) salts at acidic pH values.40

Possible interaction between aluminium and (2
microglobulin
The accumulation of aluminium might be simply a thesauri-
smosis favoured by aging, tissue destruction, or amyloid
deposits. As the highest concentrations of aluminium in
synovial tissue are seen in the presence of (2 microglobulin
deposits30 it is possible that this amyloid favours the
accumulation of aluminium. The affinity of isotopic tracers
for the various forms ofamyloid strengthens that hypothesis.
Grateau et al showed the presence of increased articular or
periarticular uptake with technetium-99 methylene diphos-
phonate in six of seven patients presenting a dialysis
associated arthropathy with amyloidosis.4' In these seven
patients, moreover, there was an aluminium overload, as
indicated by a positive desferrioxamine test.

It is also possible that the presence of aluminium favours
the accumulation of 12 microglobulin,"' 20 42 or at least that
there is a synergy'8 between aluminium and the P2
microglobulin fragments which causes amyloid deposits to
form joint and bony abnormalities. Urena et al determined
the distribution of exogenous 12 microglobulin after intra-
venous injection of 1251 labelled 12 microglobulin into
bilaterally nephrectomised rats.43 In rats previously intoxi-
cated with aluminium the activity of 1251 labelled 12
microglobulin was higher in the spleen, which is also the site
of preferential aluminium accumulation." A parallelism
with Alzheimer's disease seems to strengthen this theory. In
this disorder, in which the genetic background surely plays
a part, there is biological,4 '7 epidemiological,4" and
experimental49 evidence of the participation of aluminium.
At the centre of senile plaque cores in Alzheimer's disease
the amyloid A4 protein is associated with amorphous
deposits of aluminosilicates.47 501 These might favour the
formation locally of amyloid A4 protein.47 50 " This hypo-
thesis is reinforced by the demonstration of deposits of
amyloid A4 protein in the brains of patients receiving
dialysis, who have slightly raised blood and cerebral
concentrations of aluminium and silicon.5' As age plays an
essential part both in dialysis associated arthropathy24 and
Alzheimer's disease,52 these two disorders would seem to be
degenerative diseases arising in a particular context (genetic
for one, chronic dialysis for the other), and to be favoured
by exogenous factors, including aluminium.
For a better definition of the pathogenic role of each of

the factors participating in dialysis associated arthropathy it
would be appropriate to classify patients with the disorder
into more homogeneous subgroups. Experimental, clinical,
and epidemiological studies might help to define the role of
each factor, but only longitudinal studies of present dialysis
patients whose aluminium supply is limited will make it
possible to confirm or rule out the articular toxicity of
aluminlum.
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