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OSTEOCLAST COUNTING IN CRISTA BIOPSIES 

0. JOHNELL, P.-E. WIKLUND & A. HULTH 

Department of Orthopaedic Surgery, Malmo General Hospital, 
(University of Lund), Malmo, Sweden. 

A description is given of a modified method of counting osteoclasts 
both per section area and also relative to the remaining trabeculae 
surface area in  crista biopsies. The material consisted of normal indi- 
viduals, patients with clinical osteoporosis, and patients with chronic 
renal failure undergoing haemodialysis. The number of osteoclasts in 
the biopsies from normal and osteoporotic individuals showed a nor- 
mal distribution with the same mean. In the haemodialysis patients 
there was a marked skew distribution. In normal individuals, there was 
a significant decrease in  the number of osteoclasts per section area 
with age, but this was not significant when calculated relative to the 
bone surface area. 
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When looking through histological slides 
from crista biopsies of older normal or 
osteoporotic humans, an almost total ab- 
sence of osteoclasts (and ssteoblasts) is 
apparent. Therefore, i t  is difficult to ex- 
plain how the bone tissue can disappear 
with increasing age, especially in post- 
climacteric women. The periosteocytic 
resorption described by BelBnger (1971) 
cannot be valid in “idiopathic” osteo- 
porosis since the remaining bone trabec- 
ulae always have normal bone density. 
Jaffe (1972), among others, considers 
therefore that the osteoclasts do not have 
an exclusive significance in the develop- 
ment of osteoporosis. 

Until the opposite is proven, however, 
there is reason to consider osteoclasts as 
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being responsible for bone resorption al- 
so in the development of osteoporosis. 
It is possible that osteoporosis develops 
very rapidly, mainly in the initial period 
after menopause, or that some types of 
osteoporoses proceed stepwise by repeat- 
ed osteoclast attacks over short periods. 
In fact, during the last few years some 
substances producing osteoclastic resorp- 
tion of bone have been investigated, e.g., 
OAF (osteoclast activating factor), pro- 
duced in vitro by mitogenic stimulation 
of lymphocytes (Horton et al. 1972) and 
prostaglandins (Dietrich & Raisz 1975), 
active, for example, in connection with 
immune response and inflammatory dis- 
ease (and malignancy). These and per- 
haps other substances with similar effect, 
working over short periods, could explain 
the apparent defective connection be- 
tween bone resorption and acting cells. 
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It might, therefore, be of value to have 
an easy and reproducible method for 
counting osteoclasts per surface area of 
bone. The determination of active and 
inactive resorption surfaces and bone 
formation surfaces used earlier is more 
difficult and perhaps not so useful when 
tcsting the hypotheses mentioned. Data 
in the literature concerning the normal 
number of osteoclasts are sparce and 
vary greatly and the number has been 
decided per area of the section (e.g., Bor- 
dier & Tunchot 1972, 0.37/mm2, and Ellis 
& Peart 1973, 0.01-0.03/mmz). In this 
paper we have tested a modified method 
f o r  counting osteoclasts both per area of 
section and per surface of bone area in 
normal individuals compared with pa- 
tients with osteoporosis and patients 
with chronic nephropathy undergoing 
haemodialysis. 

MATERIAL AND METHODS 

The control group oonsisted of 51 men and 36 
women (10-90 years) who had died suddenly 
following cardiac arrest, accident o r  suicide and 
had been brought to the Forensic Department for 
autopsy. A wedge-shaped sample was taken from 
the iliac crest just  dorsal to the iliac spine. 

The osteoporosis group consisted of 48 women 
(4671 years) with radiological and clinical 
sign5 of spinal osteoporosis. The nephropathic 
group consisted of 91 patients, all of them un- 
dergoing haemodialysis. Details of the nephro- 
pathic patients with data relating to the state 
of the disease and laboratory examinations will 
he presented in  another paper. In the present 
paper we have only used the biopsies for testing 
the osteoclast counting method. 

A 15 X 3 mm cylindrical sample was obtained 
from the patients with a motor-driven slow 
moving drill according to Burckart. The sample 
was taken vertically ahout one cm dorsal to the 
iliac spine. 

The samplcs were fixed in  formalin, dehydrat- 
ed in alcohol-chloroform, and embedded in me- 
thylmethacrylate without previous decalcifica- 
tion and finally cut into sections (4-7 a).  The 
sections were stained according to Goldner 
(1938). 

The margins of the sections were taped in 
order to obtain a straight-lined rectangular area 
of trabecular bone. A l l  osteoclasts in  this area 

were counted (per mmz) with 40 X objective and 
10 X eyepiece magnification. The osteoclasts 
were identified by their light pink, often vacuo- 
lar, cytoplasm, and the distinct nucleoli. Only 
osteoclasts with two or more nuclei and i n  con- 
tact with the bone surface were counted. 

In our evaIuations of trabeeular and osteoid 
surfaces, we used an objective magnification of 
13 x and an eyepiece magnification of 10 X. We 
used a grid with wave-formed lines in the eye- 
piece as described by Schenk et al. (1969). We 
counted the nnmher of intersections between the 
grid lines and trabecular and osteoid surfaces in 
25-30 fields of every specimen. In order to make 
the whole procedure simpler, we  counted only 
the number of intersections without calculating 
the trabecular circumference area as in Schenk 
et al. (1969). This latter calculation does not 
give any further usefdl information beyond the 
counted data, and our main interest is  to present 
the number of osteoc1;lsts relative to the remain- 
ing bone tissue, which can be used to compare 
groups of specimens with each other. 

RESULTS 

The number of osteoclasts per section 
area and the number relative to the bone 
surface area in normal individuals, in 
osteoporotics and in haemodialysis pa- 
tients, are seen in Table l .  The mean of 
the absolute and the relative number of 
osteoclasts is the same in normal and 
osteoporotic individuals ; in haemodialy- 
sis patients almost ten times higher. The 
frequency distribution of osteoclasts per 
mm2 section in per cent of the total num- 
ber of normal individuals, osteoporotics 
and haemodialysis patients, respectively, 
is shown in Figure 1. It seems clear that 
99 per cent of the normal individuals 
have between 0-0.1 osteoclasts per mm2 
section. Most (or 90 per cent) o'f the os- 
teoporotic patients have the same aver- 
age number of osteoclasts as normal in- 
dividuals but there is also a small group 
with between 0.1-0.2 osteoclasts. It is 
remarkable that so many of the osteo- 
porotic patients (30 per cent) have no 
osteloclasts at all. In haemodialysis pa- 
tients the frequency distribution is skew. 

In the normal and in the dialysis group 
the osteoclast count/mm2 decreased sig- 
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Figure 1. Histogram showing the frequency distribution o f  the number o f  osteoclasts/mmz as a 
percentage of the total number of normal individuals and patients wi th  osteoporosis or haemodia- 
lysis. The detached upper parts of the three staples in the 0-0.1 area represent cases without osteo- 
clasts. 

Table 1. The  number of osteoclasts per mm2 o f  t he  section and the number o f  osteoclasts relative to 
the bone surface area in the total material. The correlation coefficients for  the number o f  

osteoclasts relating to age are also shown. 

Osteoclasts/mmz section Osteoclasts relative to bone surf. area 
Mean and SD Age regression Mean and SD Age regression 

Normal n = 87 0.04 & 0.02 r = -0.32" 0.003 rt 0.001 r = -0.19 
Osteoporosis n = 48 0.04 zk 0.04 r = -0.19 0.003 +- 0.003 r = -0.23 
Hacmodialysis n = 91 0.32 k 0.26 r = -0.37.' 0.024 -+ 0.014 r = -0.27' 

* = 0.05 > P > 0.01 * *  = 0.01 > P > 0.001 

nificantly with age. See Table 1 and longer significant for normal individuals, 
Figure 2 (normal individuals). There but there was a low significance for the 
was no difference between men and wo- haemodialysis group. See Table 1 and 
men. However, when the osteoclast num- Figure 3 (normal individuals). The cor- 
bers were divided by the relative bone relation between the number of osteo- 
surface area, the age decrease was no clasts/mm2 and the relative bone surface 
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Figure 2. The relation between the number o f  osteoclasts per mm2 section and the age o f  normal 
individuals. There is a significant correlation i n  both sexes. The correlation coefficient f o r  both 
sexes r = -0.32. 
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Figure 3. The relation between the number of osteoclasts per surface bone and the age o f  the nor- 
mal individuals. There is no longer any significant correlation. 
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Figure 4 .  The correlation between the number o f  osteoclasts counted per mmz section of the slides 
and the percenfage surface area o f  bone. There is a significant correlation. 

area in normal (Figure 4 )  and dialysis 
cases was significant. There was, how- 
ever, no correlation between osteoid sur- 
face and the number of osteoclasts/mm2. 

DISCUSSION 

A method for counting osteoclasts in the 
iliac crest is described which differs only 
slightly from previous melhods. The 
average number of osteoclasts is very low 
in  sections from normal and osteoporotic 
iliac crests, and lower than that present- 
ed by Bordier & Tunchot (1972) .  The 
average osteoclast number in  patients 
undergoing haemodialysis was almost 
ten times higher, but the frequency dis- 
lribution, unlike normal and osteoporotic 
individuals, is quite skew-perhaps in- 

dicating different degrees of severity of 
the disease. 

This difference between our normal 
values and those of Bordier & Tunchot 
might be due to our  not having counted 
osteoclasts with only one nucleus, either 
actual uni-nuclear or  multinuclear cells 
cut through one pole. Our  way of count- 
ing is easier and certainly more repro- 
ducible. It is not greatly dependent 011 

the quality of staining. 
In the normal group we found a de- 

creasing osteoclast count/mm2 of the sec- 
tion with age and no  difference between 
men and women. This decrease is not 
actual, being due to decreased bone sur- 
face, which was also found by Schenk 
et al. (1969). In  five cases in the osteo- 
porosis group, we found a large number 
of osteoclasts (0.1-0.2/mm2), out of 



OSTEOCLAST COUNTING IN CRISTA BIOPSIES 571 

keeping with the rest of the group. Most Bordier, Ph. J. & Tunchot, S. (1972) Quantitative 
of these osteoc~asts were lying ,,lose to histology of metabolic bone disease. In:  

Clinics in endocrinologg and metabolism 1. 
the surface Of the trabeculae without Ed. MacIntyre, I., p. 197-215. Saunders & Co. 
Howships lacunae. We have no informa- Philadelphia, Pa. 
tion as to  whether these patients were Dietrich, J. W. & Raisz, L. G. (1975) Prosta- 
suffering from some illness. Thus, we 
have no explanation for  this finding 
other than it might possibly involve cases 
where the bone tissue was exposed to  an 
incipient osteoclastic attack. 

There was no correlation between the 
number of osteoclasts and the osteoid 
surface, which supports the hypothesis 
that osteoclasts resorb the bone tissue 
intermittently. 
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