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SUMMARY A slight modification in tissue processing and staining technique enables a previously
described method for staining aluminium to be used to demonstrate aluminium in osteomalacia
associated with haemodialysis. The stain appears to be accurate in diagnosing this condition and may
assist in establishing the diagnosis before severe osteomalacia develops.

A severe, treatment-resistant, form of osteomalacia
has been seen to be associated with long-term haemo-
dialysis in the treatment of chronic renal failure.'
Initially recognised only in a few areas, which were
later all shown to have high aluminium concentra-
tions in the water supply used for the dialysate, it is
now recognised to be more widespread. In all cases,
however, chemical assay of bone samples reveals an
unusually high aluminium content.2

Histological examination of bone from these
patients shows that, unlike typical uraemic renal
osteodystrophy, there is little or no evidence of
osteitis fibrosa, but there is a marked increase in
osteoid.

Irwin's stain for aluminium, as described by Lillie
and Fullmer,3 was initially devised to demonstrate
aluminium in paraffin-embedded lung tissue. As
aluminium is removed during acid demineralisation
of bone, it was necessary to modify this stain to make
it suitable for use with epoxy resin-embedded, unde-
calcified bone. It has been previously stated that the
staining reagent (aurine tricarboxylic acid), is specific
for aluminium.4

Material and methods

Thirty-two iliac crest bone biopsies (cancellous bone)
were obtained from 32 patients receiving haemo-
dialysis. Portions of each biopsy were submitted for
chemical assay and the remainder of the biopsy was
fixed in 10% buffered formalin for 24 hours. After
dehydration in acetone and infiltration, the biopsy
samples were embedded in Araldite Epon. Sections
(4 Am) were cut with a steel knife using a Jung 1130
Biocut microtone. Sections were stained with haema-
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toxylin and eosin, von Kossa's stain and the stain for
aluminium. The Araldite Epon epoxy resin is not
removed prior to staining.

STAINING METHOD FOR ALUMINIUM
1 Stain sections for 30 min in a 2% aurine tricarb-

oxylic acid (ammonium salt) at 75°C in pH 5 2 buffer
consisting of 3 -8 parts of 5 M ammonium chloride,
3 8 parts 5 M ammonium acetate and 1 part 6 M
hydrochloric acid.

2 Wash in distilled water.
3 Decolorise for 25 s in a pH 7-2 buffer consisting

of 3 6 parts of the above buffer and 10 parts of I 6M
ammonium hydrogen carbonate.
4 Wash in distilled water.
5 Counterstain in a saturated picric acid solution.
6 Dry sections and mount.
Normal (negative) control bone was obtained

from necropsies on six patients with no evidence of
renal disease.

Results

With this technique, mineralised bone stains a rusty
brown colour while osteoid and the background
stain yellow. Aluminium is a brilliant red colour.

Negative controls consistently showed no staining
for aluminium.

In the biopsy group, assessment of bone disease
was made using haematoxylin and eosin and von
Kossa-stained sections. Biopsies having increased
osteoid with increased numbers of birefringent
laminae were interpreted as having osteomalacia.
Those with increased number of osteoclasts, in-
creased number and size of osteoblasts and marrow
fibrosis were interpreted as having osteitis fibrosa or
changes of secondary hyperparathyroidism. When
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these findings were compared to the results of the
aluminium stain, a number of patterns emerged.

In nine patients with varying degrees of osteo-
malacia, there was little or no evidence of osteitis
fibrosa. In these patients, there was positive staining
for aluminium. The stain was seen constantly at the
junction between mineralised bone and osteoid but
varied considerably in intensity (Figure). In all of
these nine patients, chemical assays of bone showed
higher levels of aluminium than normal.
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(a) A bone trabeculum stained by the method described.
The black line is the positive aluminiuim stain x 400.
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(b) the same field viewed with polarised light showing the
birefringent laminae ofthe increased osteoid x 400.

In six further patients, the stain for aluminium
was also positive and was again seen to be mostly at
the junction of the bone and osteoid. In these six
biopsies, however, while all showed a marked
increase in osteoid, there was also evidence of hyper-
parathyroidism. Chemical assay of bone from these
patients for aluminium also produced higher than
normal values for aluminium.

In the remaining 17 bone biopsies, no staining for
aluminium was seen. Most of these biopsies showed
less evidence of osteomalacia and all had changes of
osteitis fibrosa. Assay in this group was variable,
with above normal to very high quantities of alu-
minium being seen.
Repeating the stain on many of the biopsies

showed a high degree of reproducibility.

Discussion

We have described a technique to demonstrate alu-
minium in epoxy resin-embedded bone biopsies. Wc
have only been able to obtain satisfactory results
with this staining method when the material has
been embedded in Araldite Epon. With other epoxy
resins as embedding media (Spurr's Epon, glycol
methacrylate), we have had variable results. The
significance of this finding is uncertain. Because of
the solubility of aluminium at high pH, sodium
ethoxide, which is normally used to remove resin in
this laboratory, was not used. The stain is negative
if the resin is removed by this method. We have no
experience with other resin-removing substances.
The mechanism by which progressive demineral-

isation develops in the bone of patients receiving
haemodialysis is unknown, as is the relation to
aluminium. Ellis et al.5 have demonstrated that the
severity of osteomalacia in these patients is unrelated
to aluminium concentration in the bone and our
experience with this staining technique appears to
confirm this finding. They were able to show, how-
ever, that parenteral aluminium given to rats caused
demineralisation at the epiphyseal growth plate and
in the adjacent diaphysis. They felt that this finding
may indicate a direct effect of aluminium on bone.
The constant position of stain at the bone-osteoid
junction in our series may be interpreted as support-
ing this suggestion. In further such experimental
studies, we suggest that this stain may be a useful aid
in assessing the effect of aluminium.
The diagnosis of haemodialysis-related osteo-

malacia is by clinical, biochemical and histological
assessment. We feel that the aurine tricarboxylic acid
stain for aluminium in bone aids in identifying these
patients and may reduce the need for bone alumin-
ium assay in establishing the diagnosis. Furthermore
it is probably a useful clinical tool for early-that is,
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presymptomatic, diagnosis of aluminium-related
bone disease.
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