












Azotaemic renal osteodystrophy: a quantitative study on iliac bone

commonly due to an accumulation of non-miner-
alized bone and that mineralized bone is often also
increased in these patients. Thus in the present series,
of the 18 patients with osteosclerosis the mineralized
bone values were at the upper range of normal in
four and raised above normal in 11. Ball and Gamer
(1966) suggested that the increased mineralized bone
was attributable to lack of resorption of lamellar
mineralized bone and formation of new woven
mineralized bone. Although we do not agree that
there is lack of resorption of mineralized bone in
these patients our results amply confirm that woven
bone accounts for the excess of mineralized bone
which may be present. It is clear that an increase in
mineralized bone may occur in spite of excessive
resorption of lamellar mineralized bone and even in
the presence of osteomalacia provided there is
sufficient new mineralized woven bone formed.
Occasionally it would appear that osteosclerosis can
arise as the result solely of an excess of lamellar
mineralized bone, but we have not encountered this
type of case.

OSTEOPOROSIS
Osteoporosis was not a common feature of the bone
changes in the present series. Although it might be
thought that the excessive resorption of bone
associated with hyperparathyroidism would lead to a
reduction in total bone this is not usually the case
since the loss is compensated for by the formation
of woven bone. In the majority of instances the
amount of mineralized lamellar bone is actually
reduced, and, although quantitatively the amount of
mineralized bone present appears normal, it is
qualitatively abnormal.

PATHOGENESIS OF AZOTAEMIC RENAL OSTEO-
DYSTROPHY
It is evident that azotaemic renal osteodystrophy if
sought histologically is extremely common in patients
with chronic renal failure due to a wide variety of
renal disorders. Osteitis fibrosa due to secondary
hyperparathyroidism is the most frequent finding.
There is variable degradation of the original miner-
alized lamellar bone and aggradation of largely
mineralized woven bone with accompanying marrow
fibrosis. The balance of these gradational processes
is usually such that the amount of mineralized bone
remains within normal limits or may be elevated.
Osteomalacia occurs less commonly but the excess
osteoid then contributes significantly to the total
bone mass sometimes causing osteosclerosis. We
believe that the absence of a significant reduction in
mineralized bone in renal osteodystrophy is usually
not explicable on the basis of an absence of a pre-
i alacic resorption of bone (Gamer and Ball, 1966)

but occurs in spite of this resorption due to the
formation of woven mineralized bone.

In view of the differing incidences of osteitis
fibrosa and osteomalacia it appears that osteomalacia
is not the earliest or commonest bone abnormalitv
in chronic renal failure as was at one time suggested
(Stanbury, 1968), but that osteitis fibrosa is usually
followed by the development of osteomalacia.
Bricker, Ogden, Schreiner, and Walser (1969) have
emphasized that secondary hyperparathyroidism
may occur early in renal failure as a response
to hypocalcaemia and hyperphosphataemia and
this view is fully consistent with our histopath-
ological observations. There is also accumulating
supporting evidence from serum parathormone
studies (Berson and Yalow, 1966; Reiss, Canterbury,
and Kanter, 1969; O'Riordan, Page, Kerr, Walls,
Moorhead, Crockett, Franz, and Ritz, 1970;
Fournier, Amaud, Johnson, Taylor, and Goldsmith,
1971). It was held (Stanbury and Lumb, 1962, 1966)
that the initial stimulus to secondary hyperpara-
thyroidism was hypocalcaemia resulting from the
effects on bone of acquired vitamin D resistance and
that osteitis fibrosa occurred only in patients with
advanced renal failure. In the light of recent know-
ledge derived from parathormone studies Stanbury
(1972) now concedes that this concept of azotaemic
renal osteodystrophy is incorrect.

It appears then that vitamin D resistance is not a
phenomenon of early renal failure. Although its
time of onset may be related to the level of body
stores of vitamin D at the outset of progressive renal
failure (Lumb, Mawer, and Stanbury, 1971), hyper-
parathyroidism itself may induce osteomalacia.
Recent studies have revealed several metabolites of
vitamin D and that the kidney is the sole site of
formation of 1,25-dihydroxycholecalciferol (1,25-
DHCC) from 25-hydroxycholecalciferol (25-HCC)
(Kodicek, 1972). It has also been shown (Galante,
MacAuley, Colston, and Maclntyre, 1972) that
parathormone may interfere with production by the
kidney of this active factor 1,25-DHCC. This
inhibition of the conversion of 25-HCC to 1,25-
DHCC by parathormone may partly explain the
development of osteomalacia in the secondary
hyperparathyroidism of renal failure. Progressive
destruction of renal tissue in chronic renal disease
might also be expected to interfere with and finally
prevent the formation of 1,25-DHCC causing in-
creasingly severe osteomalacia. In keeping with this
concept Stanbury (1972) refers to unpublished work
in which he and his colleagues have found that the
formation of 1,25-DHCC is reduced in patients with
chronic renal failure and in most instances there is
no formation at all.

Mention should also be made ofthe possible effects

99

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 



H. A. Ellis and Kathleen M. Pear-t

of fluoride retention in the pathogenesis of osteo-
malacia and osteosclerosis in renal failure. Chronic
renal failure is known to cause progressive retention
of fluoride and increased amounts of fluoride have
been demonstrated in bone in cases of renal osteo-
sclerosis (Kaye et al, 1960). This may be of particular
importance in patients treated by intermittent
haemodialysis and in whom the serum fluoride
levels may be elevated (Siddiqui, Simpson, Ellis,
and Kerr, 1970).

In conclusion, our results indicate that in any
series of patients commencing intermittent haemo-
dialysis there will be variations between individual
patients regarding the precise nature and severity of
the bone changes. The majority may be expected to
show some degree of osteitis fibrosa and a variable
proportion would also have osteomalacia with or
without osteosclerosis depending upon the nature
of the underlying renal disease, in particular as this
relates to the duration of azotaemia before haemo-
dialysis becomes a necessity. One must be fully
cognizant of the variety of the bone changes in
patients commencing haemodialysis in order to
assess the further bone changes found after differing
periods of dialysis.
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and Messrs J. R. Maclennan and J. A. Stewart for
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