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Quantitative bone histology in 38 patients with
advanced renal failure
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SUMMARY The clinical, biochemical, radiological and histological appearances of the bones of
38 patients with advanced renal failure are presented. Thirty-three patients had histological evidence
of hyperparathyroidism and 17 also showed osteomalacia. Of five showing evidence of neither
hyperparathyroidism nor osteomalacia, two had borderline osteopenia.

There was an inverse correlation between the plasma calcium concentration and trabecular surface
covered by osteoid with a tendency for those with the lowest concentrations of plasma calcium to
show histological osteomalacia. There was an inverse correlation between extent of calcification
front and both volume and surface extent of osteoid. No relation was found between plasma phos-
phorus concentration and any of the histological measurements made.

Patients with radiological hyperparathyroidism had a lower plasma calcium and higher plasma
phosphorus than those without. Phalangeal sub-periosteal erosions were as common in those with
histological osteomalacia as in those with histological hyperparathyroidism alone. There was no

association between plasma alkaline phosphatase activity and type of bone disease. There was no

correlation between the radiological second metacarpal index and the histological volume of can-

cellous iliac bone.

Patients and methods

PATIENTS (Table 1)
Thirty-eight patients (27 men, 11 women), consecu-
tively accepted for haemodialysis, were studied.
Apart from patient 9, who was in an episode of
acute-on-chronic renal failure, they were in a stable
clinical state. None complained of skeletal symp-
toms or had received vitamin D, steroids or long-
term anticonvulsant treatment. For the purpose of
determining duration of uraemia, diminished renal
function was defined as a plasma creatinine of
greater than 200 ,umol/l. Venous blood was taken
within two weeks of the bone biopsy and before the
patients had been haemodialysed. Five patients
(15, 16, 18, 20, 23) had received peritoneal dialysis
but none for more than six months; three patients
(16, 18, 23) had been on peritoneal dialysis in the
few days before the venous sample was taken (see
Results).

BONE HISTOLOGY
A trans-iliac bone biopsy45 was taken in the three
months before starting maintenance haemodialysis, a
*Present address: St George's Hospital, Blackshaw Road,
Tooting, London SW17 OQT.
Accepted for publication 30 June 1981

single tetracycline marker having recently been
administered. Of the 38 patients, 20 received oral
demethylchlortetracycline, 900 mg being given in
three equal doses two to three days before the biopsy.
Seventeen patients were given, instead, intravenous
tetracycline hydrochloride, 200 to 250 mg, in the 24
hours before the biopsy. In one patient tetracycline
was unintentionally omitted. Undecalcified 6 vm
stained sections were prepared; further 10 ,tm
sections were mounted unstained.

(a) Quantitative assessment Measurements were
confined to cancellous bone. Four sections, two
stained with toluidine blue and two with solochrome
cyanin, were examined and quantified using Zeiss
graticules I and II. Measurements were made of
total bone tissue, osteoid volume, trabecular surface
showing resorption (expressed as a % of the extent of
calcified-that is, non-osteoid, surface) and that
covered by osteoid. The osteoid-covered surface was
further divided according to whether there was
evidence of calcification front, which is seen on
toluidine blue-stained sections as a darkly staining
layer of granules in the osteoid lamella immediately
adjacent to calcified bone.1 6-9 Its extent was
expressed as a % of the osteoid-covered surface.
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126 Eastwood

Table I Histological and radiological findings in the 38 patients

Patient Age/sex Renial diagn.osis Duration of renal Number of Bone tissie Osteoid rolunme Extent of surface of
failuhre (yr) cortices osteoil

of total /of bone tissue ZO of total trabeculkr
cancellous roluine siurfce

1 19M CGN 4 2 15-5 4-7 32-2
2 19 M MCD 5+ 2 24-5 3-8 14-1
3 23 M CGN 1 2 nq 0-8 4-9
4 24 M CGN 2 2 20-3 57 36-5
5 26M CGN 2+ 2 21-5 1-6 4-9
6 30 M CGN 2 2 23-3 0-9 5-3
7 31 M MH 2 2 19-6 0-7 206
8 34 M MH 6 2 22-4 19-4 86-4
9 39 M BRC 1 26-5 2-7 31-9
10 42 M CGN Unknown 2 22-5 3-2 21-3
11 43 M CGN 3 2 nq 2-0 10-0
12 45 M PK 6 2 13-7 3-1 46-8
13 46 M PK I nq 2-0 32-7
14 46M PK 6 2 24-9 6-1 61-0
15 48 M CGN 3 2 16-1 11-5 61-2
16 48 M CGN Many years 2 13-7 3-0 15-9
17 49 M PK 3 2 12-4 3-4 14-6
18 49 M OU 5 2 20-6 9-1 44-2
19 S0 M PK 3 2 27-8 11-1 48-0
20 53 M CGN 2 23-7 5-9 33-1
21 55 M CGN 5 2 24-6 11-8 44-8
22 56 M DN 3-4 nq 3-9 114
23 56 M CGN 2 21-9 1-4 22-7
24 56 M CGN Unknown 2 15-0 2-7 274
25 58 M CGN 3 1 97 2-2 22-0
26 59 M CGN Unknown 2 10-4 21 13-1
27 59 M CGN 5! 2 nq 12-2 44-2
28 25 F MCD 2- 2 33-5 3-4 47-2
29 27F MH <1 2 26-5 2-5 11-7
30 28F CP 3 2 26-6 6-5 43-5
31 33 F CGN 4 2 24-0 2-1 13-1
32 33 F CP 7 2 17-4 6-7 24-9
33 38 F PK 4 2 25-2 10-5 82-8
34 40F CGN 3 2 21-6 3-0 24-6
35 40 F CK Many years 2 16-4 3-5 21-6
36 51 F PK 10 1 33-5 5-7 37-8
37 52 F PK Unknown 2 13-5 16-8 65-5
38 62 F PK Unknown 2 31-6 15 5-5

20-39 yr 12-0 6()
Normal SD) 2 * 5-7 2-0 40-59 yr 16-6 4-0

60-79 yr 19-0 - 4-7

nq = not quantified.
Normals taken from Bordier and Tun Chot2 with the exception of
values for "Bone Tissue" aged 20-293 and calcification front.
*Age 20-29 22-8 + 4-3

30-39 23-5 2-3
40-49 21-2 3-1
50-59 18-3 3-4

,, 60-69 17-8 +30
For patients 1 and 2, aged 19, no normal range available so compared
against 20-29 age group where necessary.

The terms used to define abnormalities in the
volume of cancellous bone tissue lack uniformity.
The term "osteoporosis," when used histologically to
describe diminution of bone, does not distinguish
whether the quality of the bone tissue is normal or
abnormai. As "osteoporosis" is used to define a
clinical condition in which the quality of the bone is
apparently normal, the term "osteopenia" has been
introduced to describe diminution of bone histo-
logically; this term carries no implication as to the
quality of the bone.
The term "osteosclerosis" is often used by histolo-

CGN
MH
PK
DN
MCD
BRC
oU
CP

chronic glomerulonephritis
malignant hypertension
polycystic kidneys
diabetic nephropathy
medullary cystic disease
bilateral renal calculi
obstructive uropathy
chronic pyelonephritis

gists to describe a high volume of cancellous bone
(calcified bone + osteoid) and one of the causes,
therefore, is osteomalacia, in which the increase in
bone tissue is due to increased osteoid. When used
radiologically, the term implies an increase in
calcified bone alone. This is unsatisfactory. I suggest
the term "osteoplethora" (Gr plethora = glut) for
describing an increase in bone tissue (calcified bone
+ osteoid); cf osteopenia (Gr penia = poverty).
The term "osteosclerosis" is more appropriately used
for a true increase in calcified bone, as used by
Parfitt et al.'0 In this account an increase in can-
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Quantitative bone histology in 38 patients with advanced renal failure

Calcification front Extent of resorption Teytacycline Evidence of Hand x-rays
fluorescence osteitis fibrosa

% of surface of % of total % of available Second Subperiosteal Cortex of terminal
osteoid trabecular surface surface metacarpal index erosions phalanx

71-4 7-9 11-7 + + - 0-092 - Present
80-5 37-0 43-1 ++ +4+-+ 0091 ++ Absent
80-0 5 9 6-2 - - 0-112 - Present
48-1 12-2 19-2 ± + 0-093 - Present
62-5 13-3 13-9 + + + 0-114 - Present
71-4 14-8 15-6 ± ± 0-111 - Present
79-0 4-8 6-0 None given - 0-092 - Present
11-0 9-7 71-3 + + 0-095 + Absent
7-0 20-4 30-0 + + + 0-127 + Present

58-6 42-9 54-5 + + + + + 0-116 - Absent
61-9 11-7 13-0 + 0-104 - Absent
15-8 12-7 19-4 ± ++ 0-111 + Absent
43-3 24-7 36-7 ± + 0 091 + Absent
71-4 18-1 46-4 + + ++ 0-102 ++ Absent
10-9 2-8 7-2 ± + 0-099 + Absent
41-3 23-2 27-6 ± + + + 0-093 + Absent
65 8 3-3 3-9 + - 0-120 - Present
66-5 32-7 58-6 + + + + 0-108 ++ Absent
28-5 12-9 24-8 i + 0-107 + Absent
11-2 13-8 20-6 ± + 0-105 - Present
7-4 23-9 43-3 + + + + 0-103 + Absent

66-7 23-6 26-6 + + 0-085 - Present
76 4 12-6 16-3 - + 0-111 + Absent
63-1 8-1 11-2 + + + 0 109 + Absent
76-2 6-4 8-2 ++ - 0099 - Present
66-7 23-7 27-3 ± + 0-103 + Absent
20-6 17-6 31-6 + + 0109 + Absent
6-0 22-0 41-7 + + + + + 0-105 + Absent

54-9 19.1 21-6 ,-+ + 0-112 - Present
45-6 23-2 41-1 + ++ 0-103 - Absent
80 5 18-0 20-7 + + + 0 109 + Absent
55 2 23-8 31-7 i + 0-100 - Present
11-0 1-9 11-0 - ++ 0-109 + Absent
63-0 9-1 12-1 + + 0-104 + Absent
31-4 28-0 35.7 + + 0-107 + Absent
28-4 31-6 50-8 + + 0-089 + Absent
32-1 21-3 61-7 - ++ 0-106 - Absent
63-6 22-9 24-2 + + + + 0-111 - Absent
78-0i 7-0 - 15-0+ 3-8 - Present

(Reference 1)

cellous bone tissue will be termed "osteoplethora."

(b) Qualitative assessment An assessment was
made of osteitis fibrosa in both cortical and can-

cellous bone and graded 0 to + + +. In grade +
there was an excessive number of osteoclasts and,
usually, an increase in the amount of trabecular
surface showing resorption with, sometimes, areas of
marrow condensation or early fibrosis. Often, woven
bone was seen on polarised light examination. In
grade + +, osteoclastic resorption was more marked
with deep resorption cavities on the trabecular

surfaces, some filled with woven osteoid, and areas of
fibrosis in the bone marrow. In grade + + + there
was tunnelling within bone trabeculae and osteo-
clasts were numerous. Usually the trabecular pattern
was lost and trabeculae broken up by resorption into
small islands joined by fibrous tissue. With this
severity of osteitis fibrosa there were commonly large
areas of marrow fibrosis and excessive numbers of
mast cells.
Unstained sections were examined with ultraviolet

light, the extent of fluorescence along the trabecular
surface being graded 0 to + +.
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Eastwood

Table 2 Renal diagnosis in the 38 patients

AMale Female Total

Chronic glomeru!onephritis 16 2 18
Polycystic disease 5 5 10
Chronic pyelonephritis - 2 2
Malignant hypertension 2 1 3
Medullary cystic disease 1 1 2
Obstructive uropathy 2 - 2
Diabetic nephropathy I - I
Total 27 11 38

X-RAY EXAMINATION
Skeletal x-rays were taken within one month of the
bone biopsy. The borders of the shafts of the
phalanges were examined for evidence of sub-
periosteal erosion and assessed as negative or positive
(-, +, or + +). The x-rays were also examined to
determine whether there was loss of the cortex of the

D2 - d2
terminal phalanx. In addition, the index D L

described by Exton-Smith et al"l and Gryfe et al12
was calculated from measurements made with dial
calipers on the second metacarpal bone of the
non-dominant hand. x-rays of the ribs, pelvis and
femora were examined for the presence of Looser's
zones.

Results

Renal failure was due to glomerulonephritis or
polycystic disease in 74% of patients (Tables I and 2).

PLASMA CONCENTRATIONS
The mean plasma calcium, excluding patients 16, 18
and 23, who had recently been treated with peritoneal
dialysis, was 2 17 mmol/l (range 1-25-2 57 mmol/l)
and mean plasma phosphorus, 2 32 mmol/l (range
1 29-3-87 mmol/l). The mean serum alkaline phos-
phatase in the 38 patients was 8 6 KA units/100 ml
(range 4-16 KA units/100 ml), being raised in only
three patients (10, 21, 35) at 13, 16 and 13 KA
units/100 ml. The mean blood urea, excluding
patients 16, 18 and 23, was 40 9 mmol/l (range
13 3-67-5 mmol/l) and plasma creatinine 1289
,tmol/l (range 637-2708 ,umol/l). The patients were
in a stable clinical state except for patient 9, suf-
fering from a sudden deterioration of renal function
due to acute bilateral ureteric obstruction, whose
plasma calcium was 1 27 mmol/l with an arterial pH
of 7 08.

QUANTITATIVE BONE HISTOLOGY (Table 1)

(a) Volume ofbone tissue (Fig. 1, Table 3). The mean
volume of bone tissue (calcified bone and osteoid),
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Fig. I Volume of bone tissue plotted against age in 33
of the 38 patients. Also shown is the mean for normal
subjects + 1, 2 and 3 SD from the mean; 20-29 yr,3
30-69 yr.2

expressed as a % of the total sectional area (total
cancellous volume) and measuLred in 33 of the 38
patients, was 2122% (range 9.7-33-5%); in 24
(72 7 %) of the 33 it was within the range of 95 % of
normal subjects. In five (151 °/,) there was borderline
osteopenia and in two (6 1 %) borderline osteople-
thora. Two patients (6 1 %) had unequivocal
osteoplethora. The mean volume of osteoid in the
38 patients, expressed as a % of the volume of bone
tissue was 5.2% (range 0.7-19.4%). In four the
volume of osteoid was high (> 3 SD above the mean
(5.7 %)).2

(b) Subdivisions of the trabecular surface. The mean
extent of the surface of osteoid in the 38 patients was
31-30 (range 4-9-86 4 %). In 18 (47 4 %, patients 1, 4,
8, 9, 12-15, 18-21, 27, 28, 30, 33, 36 and 37) the extent
of osteoid was more than 3 SD above the mean for
normal subjects. The mean extent of calcification
front in the 38 patients was 51 0% (range 7-4-80-5 %);
in 18 the amount of calcification front was more than
3 SD below the mean for normal subjects. The mean
extent of resorption was 27.5% (normal 15.0% +
3 8); in 18 (47-4%) of the 38 patients the extent of
resorption was more than 3 SD above the mean for
normal subjects.

QUALITATIVE BONE HISTOLOGY
Thirty of the 38 biopsies showed unequivocal
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Quantitative bone histology in 38 patients with advanced renalfailure

Table 3 Volume of bone tissue in 33 of the 38 patients.
(The mean values have been compared with the normal
ranges of Bordier and Tun Chot2 and Merz and
Schenk3)

Above the mean Mean Below the mean Total
± 2 SD

> 3 SD 2-3 SD 2-3 SD > 3SD

Male 0 1 17 4 0 22
Female 2 1 7 1 0 11

evidence (+ to + + +) of osteitis fibrosa. The 16
patients in categories + + and + + + included
seven of the 10 with polycystic disease but only four
of the 18 patients with chronic glomerulonephritis.
In the 37 unstained slides examined there was no
fluorescence ( - ) in four, a little ( ± ) in 14, a moderate
amount (+) in six and widespread fluorescence (+ +)
in 13.

X-RAY EXAMINATION (Tables 1 and 4, Fig. 2)
In 20 patients there was unequivocal radiological
evidence of hyperparathyroidism with phalangeal
sub-periosteal erosions and loss of the distal cortex

of the terminal phalanx. In 12 patients there was
neither abnormality. In one (patient 9) there were
sub-periosteal erosions yet an intact terminal
phalanx; in five others (patients 10, 11, 30, 37, 38)
there was loss only of the cortex of the terminal
phalanx. These six were classified as "borderline."
The "second metacarpal index" was within 2 SD
of the mean for normals in all but four of the 38
patients. In no patients were there Looser's zones.

INTERPRETATION OF HISTOLOGICAL
FINDINGS AND CATEGORISATION OF BONE
DISEASE

Hyperparathyroidism
All 30 patients with histological osteitis fibrosa were
considered to have hyperparathyroidism even though
only 18 of them showed an unequivocal increase in
trabecular surface resorption. The three patients with
borderline (±) osteitis fibrosa have been included as
hyperparathyroidism since two showed radiological
evidence of hyperparathyroidism. There are, there-
fore, a total of 33 (86-8%) patients (2, 4-6, 8-16,
IR-24, 26-38) with histological hyperparathyroidism.

Table 4 Radiological evidence ofphalangeal hyperparathyroidism in the 38 patients

Terminal Lateral Male Female Total
phalangeal cortex subperiosteal

erosions

No hyperparathyroidism Intact Absent 10 (2) 2 (1) 12 (3)
Borderline Intact Present I - I

Eroded Absent 2 3 (2) 5 (2)
Definite hyperparathyroidism Eroded Present 14 (9) 6 (3) 20 (12)
Total 27 (11) 11 (6) 38 (17)

Patients with osteomalacia in brackets.
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Fig. 2 Second metacarpal index of Exton-Smith et allI plotted against age in the 38 patients. The results have been

superimposed on their centile charts for men and women. The solid dots denote those showing histological osteomalacia.
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Eastwood

Osteomalacia
Eighteen patients showed a diminished extent of
calcification front on quantification of the toluidine
blue-stained slides. In 16 the extent of calcification
front was less than 50%; in the other two (patients
29 and 32) it was 54-9% and 55-2%-that is, just
beyond 3 SD below the mean for normals (78-0 ±

7-0). One of these two (patient 29) showed a normal
amount, both in terms of volume and surface, of
osteoid and plenty of tetracycline fluorescence so has
not been included as osteomalacia. Seventeen
patients (4, 8, 12, 13, 15, 16, 18-21, 27, 30, 32, 33,
35-37), therefore, have been considered to have
histological osteomalacia.

Normal
The biopsies of five patients (1, 3, 7, 17, 25) have been
classified as normal. In one patient (patient 1),
however, the amount of trabecular surface covered
by osteoid was abnormally high and in two (patients
17 and 25) there was borderline osteopenia.
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CLINICAL, BIOCHEMICAL, RADIOLOGICAL
AND HISTOLOGICAL CORRELATIONS

Surface and volume of osteoid and calcification front
There was a close correlation between these three
measurements; surface of osteoid v volume of osteoid
(r = 0-8257 p < 0-001), surface of osteoid v calcifica-
tion front (r = - 0-7126 p < 0-001) and volume of
osteoid v calcification front (r = -0-6633 p <

0o001).

Quantitative extent ofresorption v qualitative evidence
of osteitis fibrosa (Fig. 3) There was good agree-
ment between the two measurements, the mean

amount of resorption in the 5 "osteitis fibrosa"
groups being 7-2%, 13-6%, 22-0%, 37-5% and
44-0%.

Tetracycline fluorescence v histological category Of
the 17 patients with osteomalacia, 14 showed little
(±) or no (-) fluorescence, while 16 of the 20
patients without osteomalacia showed distinct
(+ or + +) fluorescence (x2, Yates correction, =

11-914; p < 0-001).

Renal diagnosis, bone histology and duration of
uraemia (Tables 1 and 5) In the five patients with
normal bones the duration of uraemia was four
years or less. Polycystic disease was more com-
monly associated with osteomalacia than any other

r. cause of renal failure, seven of 10 such patients
showing histological evidence of osteomalacia.

0

-r- I Histological resorption v radiologicai hyperpara-
thyroidism (Fig. 4) The mean extent of resorption

0 (± SD) in the patients with normal x-rays was

I I ffi 115-43% ± 8-76 and in those with definite radiological
changes, 31-84% ± 17-33 (t = 3-0412, p < 0-005).

Qualitative evidence of osteitis fibrosa

Fig. 3 Relation between extent of trabecular surface
showing resorption and qualitative histological evidence
of osteitis fibrosa in the 38 patients.

Total bone tissue measured histologically v second
metacarpal index There was no significant relation
(r = 0-0692, p > 0-7).

Table 5 Comparison of renal diagnosis with the diagnosis on bone histology in the 38 patients

Osteomalacia (17) Hyperparathyroidism alone (16) Normal (5)

Male Female Male Female Male Female

Chronic glomerulonephritis 6 - 7 2 3
Polycystic disease 3 4 1 1 1 -
Chronic pyelonephritis - 2 - - -

Malignant hypertension 1 - - 1 1
Other 1 - 3 1 - -

Total 11 6 11 5 5 0

*Including two with borderline osteopenia.
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Quantitative bone histology in 38 patients with advanced renal failure

Plasma calcium v surface of osteoid and osteoid
volume There was a significant correlation (r =

* -0-4145, p < 002) between plasma calcium and
surface of osteoid, especially when patient 9 was

* removed (r = -0X5002, p < 0-005), but no correla-
0 tion between plasma calcium and osteoid volume.

I I I
None Borderline Def inite

** * .*00

00
* 0~0

0

10 20 30 40 50 60 70 80
Extent of calcification front

°/e of osteoid surface

Fig. 5 Relation between plasma calcium and extent of
calcification front in 35 of the 38 patients. The extent of

calcification front in the osteoid lamella closest to
calcified bone is expressed as a percentage of the extent
to which the trabecular surface is covered by osteoid.

Plasma calcium v plasma phosphorus In 35 patients,
three (16, 18, 23) having been excluded because of
recent peritoneal dialysis, there was an insignificant
inverse relation between plasma calcium and plasma
phosphorus (r = -0-2660, t = -1-585, p > 0-1).

Plasma calcium v calcification front (Fig. 5) The
patients with osteomalacia tended to have the lowest
plasma calcium concentrations but the relation was
not significant (r = 0-3146, p > 0-05). If, however,
patient 9 who had suffered acute worsening of
uraemia, is excluded the relation becomes significant
(r = 0A4677, p < 001).

Plasma calcium v type of histological bone disease
The mean plasma calcium of 15 of the 17 with osteo-
malacia (excluding two on peritoneal dialysis) was
2-08 mmol/l ± 0-23 while that of 15 of the 16 with
hyperparathyroidism alone (excluding one on
peritoneal dialysis) was 2-19 mmol/l + 0-32. The
difference between the means is only significant
(t = 2-2169, p < 0 05) when patient 9 is removed
from the group with hyperparathyroidism. In the
five without histological bone disease the mean
plasma calcium was 2-37 mmol/l.

Plasma phosphorus v calcification front and extent of
trabecular resorption There was no significant
correlation between plasma phosphorus and calcifi-
cation front (r = 041108, p > 0-5) or between plasma
phosphorus and the extent of trabecular resorption
(r = 0-0458, p > 0 7), even when patient 9 was
removed.

Plasma phosphorus v type of histological bone
disease The mean plasma phosphorus of 15 of the
17 patients with histological osteomalacia (excluding
two on peritoneal dialysis) was 2-21 mmol/l ± 0-72
while that of 15 of the 16 patients with hyper-
parathyroidism alone (excluding one on peritoneal
dialysis) was 2 56 mmol/l ± 0 56. This difference is
not significant (t = 1-4312, p > 0 1) whether patient
9 is excluded or not. In the five patients without
histological bone disease the mean plasma phos-
phorus was 1-95 mmol/l.

Plasma calcium x phosphorus product v type of
histological bone disease The mean plasma calcium
x plasma phosphorus product of 15 of the 16
patients showing histological hyperparathyroidism
alone was 5-57 ± 1P30 (69-1 ± 1641 using mg/100
ml); that of 15 of the 17 who showed, in addition,
histological osteomalacia was 4 54 ± 1P35 (561 ±
16-7 using mg/100 ml) (t = 2-124, p < 0 05).

Plasma alkaline phosphatase v type of histological
bone disease There was no correlation between
these two measurements, only three patients having a
raised plasma activity of alkaline phosphatase.

Plasma calcium and phosphorus v radiological hyper-
parathyroidism In the 12 patients with normal hand
x-rays the mean plasma calcium was 2-29 mmol/l +
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Fig. 4 Relation between extent of trabecular surface
showing resorption and radiological evidence of
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Fig. 6 Relation between plasma phosphorus and radio-
logical hyperparathyroidism in 35 of the 38 patients.
The means for the two groups "None" and "Definite"
are shown by the horizontal lines.

0-16; in the 20 with unequivocal hyperparathyroidism
(excluding three recently on peritoneal dialysis) the
mean plasma calcium was 2 10 mmol/l + 0-27
(t = 2-2585, p < 0 05). The mean plasma phosphorus
was 1 97 mmol/l ± 0-45 in those with normal hand
x-rays and 2 49 mmol/l ± 0 62 in the 17 with
unequivocal hyperparathyroidism (Fig. 6; t

2-4399, p < 0 025).

Discussion

Thirty-three of the 38 patients (86-8 %) showed
histological evidence of hyperparathyroidism with or

without osteomalacia. In 17 of the 38 patients
(4477%) there was histological evidence of osteo-
malacia. These findings are in agreement with those
of Ellis and Peart,8 who later extended their work in
a study of 233 patients with chronic renal failure not
yet on dialysis and found hyperparathyroidism in
83-7% and osteomalacia in 23 6%.13 They found
also that, as described here, osteomalacia did not
occur in the absence of hyperparathyroidism but, in
contrast to my findings, Ellis and Peart8 14 found that
18 (30 %) of their 60 patients with renal failure had
histological "osteosclerosis." Only 10 of these 18,
however, had an increase in calcified bone-that is,
true osteosclerosis; in the other eight the increased
bone volume was due to an increase in osteoid-that
is, osteoplethora, not true osteosclerosis. Of the 33
patients described here in whom bone volume was

quantified only two showed unequivocal osteo-
plethora; both also showed osteosclerosis. A possible
explanation for this discrepancy is the difference in
biopsy site, Ellis and Peart's8 samples being taken
from the iliac crest. On the other hand, Duursma

Eastwood

et al15 found a normal volume of bone in the iliac
crest biopsies of 16 patients with chronic renal
failure.
The diagnosis of osteomalacia was made on the

toluidine blue-stained slides and the diagnosis was
usually supported by the lack of ultraviolet fluores-
cence in the unstained slides. However, three of the
17 patients with osteomalacia showed definite
fluorescence. In two (patients 18 and 30) fluorescence
was expected because of the high absolute extent of
calcification front (product of surface of osteoid and
extent of calcification front); in the third (patient 21)
there was definite fluorescence yet only a small
absolute amount of calcification front with toluidine
blue. It is possible that this patient received tetra-
cycline therapeutically in the weeks before the
biopsy. In the 20 patients whose bones were either
normal or showed hyperparathyroidism alone,
fluorescence was either small in amounit (±) or
absent in four. In three (patients 3, 6, 26) little
fluorescence was expected since the surface extent of
osteoid (and, therefore, the absolute amount of
calcification front) was low. In patient 23, however,
osteoid covered 22 7 % of the trabecular surface and
the extent of calcification front was 70 4%. The lack
of fluorescence suggests that this patient either did
not take or did not absorb the tetracycline.

It has been claimed that patients with renal failure
due to polycystic disease tend not to develop phalan-
geal sub-periosteal erosions'6 even after several years
on maintenance haemodialysis. Of the ten patients
with polycystic disease described here seven showed
such phalangeal sub-periosteal erosions. In general,
however, the renal diagnosis seemed to have less
bearing on the type or severity of bone disease than
duration of uraemia. Twenty-six (78 7%) of the 33
patients with histological hyperparathyroidism
showed radiological evidence of hyperparathyroid-
ism, 25 showing loss of the terminal phalangeal
cortex and 21 showing definite sub-periosteal
erosions. Loss of the terminal phalangeal cortex may,
therefore, be an earlier radiological sign of hyper-
parathyroidism.17 The extent and severity of the
hyperparathyroidism suggest that it was of long
standing.18 The lower incidence and severity of
osteomalacia in the patients described here suggests
that it follows, rather than precedes, the hyper-
parathyroidism. Bordier (PJ Bordier, personal
communication, 1977) has found in the osteomalacia
of chronic renal failure that the histological sub-
periosteal erosions in the phalanges are sometimes
filled with osteoid that has failed to mineralise. In
this account erosions were as common in the patients
with histological osteomalacia with hyperpara-
thyroidism (12 out of 17) as in those with hyper-
parathyroidism alone (8 out of 16). In contrast,
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Simpson et al19 found the incidence of erosions in
their 42 patients with histological osteomalacia to be
33%; but their patients were being treated by
haemodialysis and the osteomalacia was probably
due to aluminium toxicity.20

There was no correlation between the histological
volume of cancellous bone tissue and the "second
metacarpal index"" which has been shown by bone
ash measurements21 to reflect closely the amount of
mineral present, and in osteoporosis is a useful guide
to progress of the disease. In patients with renal
failure, however, a single value does not seem to be
of much value.

In the patients described above the mean plasma
calcium in the patients with histological osteomalacia
was significantly lower than that of those with
histological hyperparathyroidism alone. This is in
agreement with the data of Stanbury and Lumb22
but the difference between the mean plasma calcium
of their two groups (1-90 mmol/l ± 0 37 and 2 50
mmol/l ± 0 31) was greater, possibly because much
of their material was obtained post mortem.

There was an inverse correlation between plasma
calcium and surface of osteoid. It is possible that, in
patients in whom a large proportion of the trabecular
surface is covered by osteoid, osteoclasts are unable
to resorb sufficient bone to maintain the plasma
calcium23 because they can resorb bone only from
trabecular surfaces not covered by osteoid. In
patients with renal failure resistance of the bone to
the action of parathyroid hormone,24 possibly due to
lack of vitamin D metabolites (personal communica-
tion, 1978*),25 may be more important. The plasma
phosphorus was higher in those with histological
bone disease, particularly hyperparathyroidism, but
there was no significant relation between the plasma
phosphorus and the extent of histological resorption.
It must be remembered, however, that total resorp-

tion comprises both "active" and "inactive"
resorption.26 The "inactive" resorption-that is,
trabecular resorption cavities with no visible
osteoclasts, reflects past resorption that has not been
repaired.
There was a significant difference between the

plasma calcium x plasma phosphorus product of
those with osteomalacia and that of those with
hyperparathyroidism alone, a finding that supports
the data of Stanbury and Lumb.22 In the study de-
scribed here, there was an inverse relation, thoughnot
significant, between plasma calcium and phosphorus.
By contrast, Stanbury and Lumb's22 cases showed a

significant positive correlation between plasma
calcium and phosphorus, though not if their histo-

*SG Massry. Symposium on uses and actions of 1,25-(OH)2
vitamin D3 in uremia. St Adele, June 1978.

logical groups were analysed separately. In the study
described above there was a significant correlation
between the plasma calcium and phosphorus, and
radiological evidence of hyperparathyroidism. The
plasma calcium was lower, and the phosphorus
higher, in those patients with unequivocal radio-
logical hyperparathyroidism than in those without.

It is rarely possible on clinical, biochemical or
radiological grounds to determine the type of bone
disease in an individual with chronic renal failure.
Plasma calcium, phosphorus and alkaline phospha-
tase are often normal when there are unequivocal
radiological and histological lesions, and it is only
when there is obvious histological and radiological
bone disease that there is any substantial change in
plasma calcium or alkaline phosphatase. The
finding of phalangeal sub-periosteal erosions,
however, is helpful since there were radiological
abnormalities in the fingers of 26 of the 33 patients
with histological hyperparathyroidism. Such sub-
periosteal erosions, however, do not distinguish
hyperparathyroidism from osteomalacia since the
patients with osteomalacia all had histological, and
many radiological, evidence of hyperparathyroidism.
The "second metacarpal index" was of no value in
the diagnosis of osteomalacia. It is clear that it is
only by bone biopsy that it is possible to distinguish
those patients with coexisting osteomalacia and
hyperparathyroidism from those with hyperpara-
thyroidism alone. On the other hand, to make a
diagnosis of osteopenia, it is possible that iliac bone
histology is no better than bone radiology.
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