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Changes in bone histoquantitative parameters and
histochemical staining reactions for aluminium in a
group of patients with chronic renal failure following
a reduction in the aluminium concentration of the
haemodialysis fluid
JOHN McCLURE, NL FAZZALARI* RG FASSETT,t PG PUGSLEYt

From the Department ofHistopathology, University Hospital ofSouth Manchester, West Didsbury,
Manchester, the *Division of Tissue Pathology, Institute ofMedical and Veterinary Science, Adelaide, and the
tRenal Unit, Queen Elizabeth Hospital, Woodville, South Australia

SUMMARY Bone biopsies from a group of 16 patients in chronic renal failure treated by intermit-
tent haemodialysis were available for histoquantitative and histochemical assessment before and
after the introduction of reverse osmosis treatment of the dialysis fluid. This treatment reduced
the aluminium concentration of the fluid from 1-15 mg/l to less than 0-06 mg/Il.

After the changeover there was an increase in the extent of calcification fronts. Overall, there
was a decrease in the histochemical staining reactions for aluminium, although a few cases
showed increased reactions. A large percentage of cases showing decreased reactions also had
decreased osteoid volumes. It is concluded that reduction of the concentration of aluminium in
the dialysis fluid is associated with an improvement in mineralisation state, and this is further
evidence of the importance of minimising the aluminium burden of patients with chronic renal
failure.

In patients with chronic renal failure treated by
haemodialysis there is a good correlation between
the incidence of fracturing osteomalacia and the
aluminium content of the fluid used for
haemodialysis.' 2 High aluminium concentrations in
the dialysis fluid derive largely from the use of
aluminium sulphate as a flocculating agent to
remove brown particulate matter from the domestic
water supply. In Adelaide, South Australia, this
used to result in an aluminium concentration of 1-15
mg/l in dialysis fluid. Therefore, in February 1978 a
reverse osmosis facility was installed in our renal
unit, and by late 1979 the aluminium concentration
had been reduced to less than 0-06 mg/l.
The present report is of a group of 16 patients

with chronic renal failure who had been on
haemodialysis before February 1978 and who
changed over to treatment with fluid which had been
subjected to reverse osmosis. In each case biopsies
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had been taken just before and 15 months after
changeover to determine if there were any associ-
ated changes.

Material and methods

Thirty two bone biopsies were available from 16
patients. Each biopsy had been taken from the left
anterior iliac crest 20 to 40 mm behind the anterior
superior spine, and repeat biopsies were taken close
to but separate from the initial biopsy sites.

All material was fixed in 10% buffered formalin
and embedded in Araldite. Multiple sections (7 ,um
thick) were cut from each biopsy and stained by the
von Kossa technique, with either the van Giesen
method or haematoxylin and eosin as counterstains.
The total bone volume and osteoid volume were
estimated using a Quantimet image analysis compu-
ter.34 Calcification fronts were shown by ultraviolet
light fluorescence after tetracycline staining.5 Both
calcification front extents and resorbing surfaces
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were quantified by line intersect techniques using an
eyepiece graticule with 21 grid lines. Calcification
front extents were expressed as the percentage of
osteoid seams bearing a front, and resorbing sur-
faces were expressed as the percentage of the
trabecular surface occupied by either active (with an

osteoclast) or inactive (without an osteoclast)
resorption sites.
At least five sections (chosen at random) from

each biopsy were stained by the aluminon method6
to show aluminium salt. Positive reactions (red!
purple lines at the osteoid/mineralised tissue junc-
tion) were also assessed by line intersect techniques.
The linear reactivity was expressed (a) as a percen-

tage of the linear extent of the osteoid seams and (b)
as a percentage of the total trabecular surface.

Sixteen biopsies were taken before and after the
changeover. They were treated as paired groups for
statistical comparisons of the total bone volume,
osteoid volume, calcification front extent, resorbing
surface, osteoid seam extent, and aluminon reactiv-
ity extent. The data were analysed using parametric
statistical models. The paired Student's t test was
used to compare the group means. During the
course of the study subgroups within the main
paired groups became apparent and statistical com-
parisons of the total bone volume, osteoid volume,
calcification front extent, and resorbing surface of
these subgroups were made in an identical manner.

Results

Of the 16 biopsies taken before the changeover to
reverse osmosis fluid treatment, 14 showed positive
aluminon staining reactions (Table 1). One of the
negative cases became positive after the changeover.
Four of the 14 positive cases developed negative
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reactions at the osteoid/mineralised tissue junction
after changeover, but two of these cases showed
positive staining reactions of cement lines within the
bone trabecular structures. When the aluminon
reactivity extent was expressed as a percentage of
the total trabecular surface five cases showed
increased reactivity; when it was expressed as a per-
centage of the osteoid seam extent seven cases
showed increased reactivity. But the majority (11
and 9 respectively) in both instances showed
decreased reactivity (Figure). Cases showing
increased aluminon linear staining reactivity were
segregated as either group 1 (total trabecular sur-
face) or group 1 (osteoid seam extent) and cases
showing decreased aluminon staining reactivity were
segregated as either group 2 (total trabecular sur-
face) or group 2 (osteoid seam extent).

Table 2 shows the mean and standard error of the
mean (SEM) of the histoquantitative parameters of
all cases before and after changeover. There was no
significant difference between the mean values of
total bone volume, osteoid volume, osteoid seam
extent, and total trabecular surface. The mean
calcification front extent was significantly greater
after changeover and resorbing surfaces were also
significantly increased (p < 0-0001 and p < 005
respectively).

Table 3 shows the histoquantitative characteristics
of group 1 (total trabecular surface and osteoid
seam extent) with group 2 (total trabecular surface
and osteoid seam extent) before and after
changeover to reverse osmosis fluid dialysis. A com-
parison of the subgroups within each era showed
that the only significant difference was that the mean
resorbing surface of group 2 (osteoid seam extent)
was of greater extent than that of group 1 (osteoid
seam extent) after changeover.

Table 1 Aluminon reactivity extent in the biopsies taken before and after the introduction ofhaemodialysis fblid subjected
to reverse osmosis

Aluminon reactivity extent as a percentage of the Aluminon reactivity extent as a percentage of the
osteoid seam extent total trabecular surface

Case Before After Before After

1 469 549 38-9 48 1
2 753 412 675 33s5
3 0 0 0 0
4 252 66-4 239 645
5 367 453 228 29s5
6 447 347 42-5 239
7 557 328 524 23-5
8 526 745 492 373
9 324 569 32 1 28-5
10 33-5 54-8 31-0 53-2
1 1 24-9 0 199 0
12 24-4 0 20*5 0
13 72-3 50s6 648 34-5
14 0 15 3 0 10.9
15 26-5 0 25s4 0
16 44-1 0 386 0
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Changes in bone histoquantitative parameters and histochemical staining reactions
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Aluminon reactivity extent before and after changeover to
reverse osmosis fluid haemodialysis. Reaction extent is
expressed (a) as a percentage of the total trabecular surface
(A TS) and (b) as a percentage ofthe osteoid seam extent
(A OS).

Table 4 shows a comparison of the values of each
subgroup before and after changeover. For all sub-
groups the calcification front extent was greater
after changeover. In the two subgroups showing
decreased staining reactions after changeover the
resorbing surfaces were greater after changeover.
Only in group 2 (osteoid seam extent) was the
osteoid volume significantly less after changeover
(p < 0.05).

To aid the interpretation of the absolute values
shown in Tables 1, 2, and 3, normal histoquantita-
tive values derived from the iliac crest biopsies of 37
healthy subjects (13 men, 24 women) resident in
Adelaide are given in Table 5. These individuals had
no relevant past medical histories, no evidence of
metabolic bone disease, and their biochemical
parameters, including those of calcium metabolism
and renal function, were within normal limits.

Discussion

When the aluminon staining reaction is applied
under appropriate conditions it has been shown
specifically to demonstrate aluminium,' and this is
usually disposed at the junction of osteoid and
mineralised tissue-that is, the site of the
calcification front. This linear disposition allowed
the application of a line intersect quantitative tech-
nique identical to that used conventionally for cal-
culating the extent of the calcification front. The
linear extent of the aluminium staining reaction was
expressed both as a percentage of the osteoid seam
and as a percentage of the total trabecular surface.
Although these parameters were derived primar-

ily to quantify the extent of the staining reaction, Ott
et al8 have found a high correlation between linear
positive aluminon reaction extents (as a percentage
of the total trabecular surface) and the bone
aluminium content measured by flameless atomic
absorption spectrophotometry. We might therefore
conclude that the techniques used in the present
study (being essentially similar to those of Ott et al)
could also give a good indication of the amount of
aluminium. Unfortunately we were not able to assay
our material for aluminium content. In addition, we
noted aluminon staining reactions at sites other than
the calcification front site (for example, cement
lines), and we note the recent report by Denton et
al9 which shows that a different histochemical tech-
nique (acid solochrome azurine) suggests a more
extensive disposition of aluminium in bone tissue

Table 2 Mean (SEM) and statistical comparison of the histoquantitative parameters and assessments ofaluminon
reactivity ofall bone biopsies taken before (A) and after (B) the introduction ofhaemodialysis fluid subjected to reverse
osmosis

Total bone Osteoid volume Calcification front Resorbing surface Osteoid seam Total trabecular
volume front extent extent surface
(% cancelous (% cancellous (% osteoid (% trabecular (% osteoid (% trabecular
space) space) surface) surface) surface) surface)

All cases before 31-8 5 7 302 10.3 37-2 33-1
changeover (A) (2-2) (1 0) (6.1) (1-9) (5-3) (4-8)

All cases after 32-2 4-2 62-4 14-7 330 242
changeover (B) (2-4) (0.9) (5.9) (2-6) (6-7) (5-2)

A v B NS NS A < B A < B NS NS
p < 00001 p < 005

NS = not significant.

745

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.37.7.743 on 1 July 1984. D
ow

nloaded from
 

http://jcp.bmj.com/


Table 3 Histoquantitative parameters before and after changeover to reverse osmosis fluid dialysis for group I (A TS and
A OS) cases which showed increased aluminon reactions and group 2 (A TS and AOS) cases which showed decreased
aluminon reactions

Before changeover After changeover

Total bone volume 1 ATS 32-7 (2-4) 1 (ATS) v 2 (ATS) 33 5 (3.2) 1 (ATS) v 2 (ATS)
(% of cancellous space) AOS 324 (2.6) NS 303 (3.0) NS

2 ATS 37-6 (56) 1 (AOS v 2 (AOS) 31 6 (3-2) 1 (AOS v 2 (AOS)
AOS 390 (67) NS 33.6 (3.6) NS

Osteoid volume 1 ATS 6-3 (1.5) 1 (ATS) v 2 (ATS) 5 9 (1-7) 1 (ATS) v 2 (ATS)
(% of cancellous space) AOS 5-2 (1-3) NS 6-1 (1-4) NS

2 ATS 5-4 (13) 1 (AOS v 2 (AOS) 3-5 (1-1) 1 (AOS v 2 (AOS)
AOS 6-2 ( 1.4) NS 2-8 (1-0) NS

Calcification front extent 1 ATS 29-8 (11-9) 1 (ATS) v 2 (ATS) 56-8 (9-9) 1 (ATS) v 2 (ATS)
(% of osteoid surface) AOS 28-7 (9.8) NS 58-7 (7.5) NS

2 ATS 28-4 (7.9) 1 (AOS v 2 (AOS) 64-5 (6.7) 1 (AOS v 2 (AOS)
AOS 28-9 (8-8) NS 65-6 (8-2) NS

Resorbing surface 1 ATS 10-1 (3-1) 1 (ATS) v 2 (ATS) 10-7 (4-3) 1 (ATS) v 2 (ATS)
(% of trabecular surface) AOS 11-7 (2 8) NS 8-2 (3-4) NS

2 ATS 10-4 (24) 1 (AOS v 2 (AOS) 16-5 (3-1) 1 (AOS < 2 (AOS)
AOS 8-6 (2-4) NS 19-8 (2-8) p<0-05

ATS = total trabecular surface; AOS = osteoid seam extent; NS = not significant.

Table 4 Comparison ofthe before and after values (changeover to reverse osmosis fluid dialysis) for the subgroups within
groups I (increasing staining) and 2 (decreasing staining)

Group I (increased staining) Group 2 (decreased staining)

ATS AOS ATS AOS

Total bone volume Before v after Before v after Before v after Before v after
(% of cancellous space) NS NS NS NS
Osteoid volume Before v after Before v after Before v after Before > after
(% of cancellous space) NS NS NS p < 0.05
Calcification front extent Before < after Before < after Before < after Before < after
(% of osteoid surface) p < 0-03 p < 0-02 p < 0.05 p < 0-01
Resorbing surface Before v after Before v after Before < after Before < after
(% of trabecular surface) NS NS p < 0025 p < 0 01

ATS = total trabecular staining; AOS = osteoid seam extent; NS = not significant.

Table 5 Normal bone histoquantitative values derived
from a group ofhealthy Adelaide residents

Parameter Normal values

Total cancellous bone volume <50 years of age 15-29%
(% cancellous space) >50 years of age 9-20%
Osteoid volume <0-3%
(% cancellous space)
Calcification front extents >70%
(% osteoid surface)
Total resorbing surface <20%
(% total trabecular surface)

than that shown by the aluminon technique. We
therefore conclude that the aluminon reaction
extent does not necessarily give a good indication of
the absolute amount of intraosseous aluminium.

After the changeover to reverse osmosis fluid
dialysis the staining reactions for aluminium did
alter, and this is shown in the Figure. While the

overall trend was for diminished staining the differ-
ences were not significantly different and some cases
showed pronounced increases in staining reaction.
There are several possible explanations for this. One
is that aluminium uptake from the residual concen-
tration in the reverse osmosis fluid continued;
another is that there was a malfunction of the
reverse osmosis membrane; a third is that
aluminium present in other organs or tissues might
have been transferred to bone during reverse
osmosis fluid dialysis.

With regard to the bone histoquantitative para-
meters it is useful to note that the total bone volume
before and after changeover was not significantly
different on a group mean basis. The osteoid volume
was lower after changeover, but not to a significant
degree. This contrasted with the extent of the
calcification fronts and the resorbing surfaces, both
of which were significantly greater after changeover.
The cases in this study were divided into two

groups, one (group 1) showing increased aluminon
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Changes in bone histoquantitative parameters and histochemical staining reactions

staining and the other (group 2) showing decreased
staining after changeover, in an attempt to detect
any significant differences between the groups
before and after changeover. The most important
point to emerge from these comparisons was that
group 2 (osteoid seam extent) showed a decreased
osteoid volume after changeover. The mineralisa-
tion state of this group would seem to be the most
improved since the calcification front extent was
increased and the osteoid volume was decreased
after changeover.
These studies show that changing to reverse

osmosis fluid dialysis is associated with an improve-
ment in the extent of calcification fronts and in some
cases with a reduction in osteoid volume. They also
show that there is not a decisive decrease in intraos-
seous staining reactions for aluminium. This is con-
sistent with the finding of Ellis et al'° that the high
concentrations of aluminium may persist in bone for
many months after successful renal transplantation.
Any effect of aluminium on the calcification front

is probably complex. In some cases there was nega-
tive staining at the calcification front site but positive
staining of intratrabecular cement lines. This sug-
gests that the effect of the aluminium is to delay
calcification and not to abolish it since cement lines
represent previous calcification front sites. There-
fore, when calcification of an osteoid seam bearing a
linear aluminium staining reaction eventually
occurs, the site of the reaction becomes incorpo-
rated into the trabecular structure along the cement
line. This incorporation would account for the per-
sistence of aluminium in bone tissue after transplan-
tation or changeover to reverse osmosis fluid
dialysis. Resorption of fully mineralised trabecular
bone by osteoclasts would then presumably liberate
aluminium from the cement lines, and it is conceiv-
able that this would be followed by a local intraosse-
ous recirculation of released aluminium into adja-
cent newly formed calcification zones with a continu-
ing detrimental effect on the mineralisation process.
A recent report"' from our laboratory compared

bone histoquantitative parameters of groups of
patients who had always been haemodialysed
against (a) reverse osmosis fluid and (b) fluid which
had not been subjected to reverse osmosis. The
mean values of osteoid volume were 4-1 (SEM 0.6)
and 0-9 (0-2), respectively, and the mean values of
the calcification front 44-5 (5.7) and 79 5 (2-5),
respectively. The present series of cases (which were
not included in our previous report) begin with
values closer to (and probably indicative of a greater

impairment of mineralisation) the group which was
always treated with fluid which had not been sub-
jected to reverse osmosis. The values (after
changeover) move towards those of the group
always treated with reverse osmosis fluid but do not
reach levels which would be indicative of a mineral-
isation state which was as good as that in patients
who had always been treated with reverse osmosis
fluid.
We therefore conclude that changing to reverse

osmosis fluid dialysis is associated with an improve-
ment in mineralisation state, but the benefit is less
pronounced than that found with dialysis with
reverse osmosis fluid from the beginning. The over-
all findings, however, point to the importance of tak-
ing active steps to reduce the aluminium burden of
patients with chronic renal failure.
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