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From 6 to 8 December 1961, the Agency sponsored a Panel on the medical 
uses of Ca47. To this Panel were invited the principal investigators of the re-
search contracts which the Agency is sponsoring in eight countries on this sub-
ject. A number of additional scientists were also invited, either because they 
were specially competent in this field, or because of the pertinence of the sub-
ject to their work under other Agency research contracts. 

The purpose of this Panel was twofold. It provided, first, an opportunity 
for the Agency's contractors to discuss with each other and with colleagues from 
the scientific community their mutual interests in calcium tracer studies. It 
was hoped that this discussion would both quicken the resolution of specific dif-
ficulties and reduce excessive duplication. Second, it was expected that the 
review of this subject bythe Panel would provide guidance both to the Agency in 
the future conduct of its research contract programme and to other scientists 
throughout the world who may be initiating work with Ca47. 

Many of the participants in the Panel presented papers summarizing their 
work, and all took part in the informal discussion which the papers stimulated. 
The subject matter was not narrowly restricted to Ca47, but in addition encom-
passed both the analytical techniques appropriate to alternative calcium and 
strontium tracers, and the medical problems towhichthese tracers are applied. 
It is only in this general context that the role of Ca47 can be usefully assessed. 
The present summary of the proceedings has been prepared to make these ob-
servations available to a larger audience. 

The holding of this Panel was a further expression of the Agency's interest 
over four years in facilitating the use of Ca47. In December 1958, a consultants' 
meeting was held to consider the demand for this potentially useful isotope, and 
the means of meeting this demand. Following further studies, another consult-
ants'meeting was held in December 1959 to examine Ca47 production techniques 
in greater detail. In 1959 a research contract was negotiated bythe Agency con-
cerning Ca47 production. At the time when the present Panel was held, ten Agency 
research contracts were in existence in the field of medical applications of Ca47. 
Al l these exploratory tests of Ca47 utilization would, it was hoped, help define 
the potentialities and limitations of this isotope in medical diagnosis and research. 

August 1962 
SIGVARD EKLUND 

Director General 
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I. G E N E R A L A S S A Y T E C H N I Q U E S 

COMPARISONS BETWEEN Ca*5 , Ca47 AND Sr85 AS TRACERS 
IN THE STUDY OF BONE 

G.C.H. BAUER 

1. The best tracer for calcium is calcium! However, r to date ñobódy has 
been able to demonstrate any difference betweén Ca arid Sr ïn thfe raté of skeletal 
clearance of these elements from the circulation. Possibly présent'methocls of 
tracer data analysis are too crude to demonstrate such a difference, the detec-
tion of which may be useful for further understanding of skeletal metabolism. 

2. Excretion of Sr is more efficient than that of Ca. Calculations of the 
accretion rate are made on the basis of retention of tracer following parenteral 
injection. Especially at high rates of excretory clearance the error involved in 
calculations of the accretion rate should therefore be higher with Sr* (any Sr 
tracer) than with Ca* (any Ca tracer). At very low accretion rates this error 
(for example caused by faulty urinary or faecal sampling) may, perhaps, reach 
one hundred percent. 

On the other hand, the relatively rapid excretion-of Sr* causes a rapid loss 
of this tracer from the body fluids and other exchangeable spaces. As compared 
with Ca*, Sr* is therefore incorporated into the nonexchangeable fraction .of the 
skeleton as a more sharply defined bolus. Early breakdown of bone which ha§ 
formed following simultaneous administration of Ca* and Sr* may therefore in-
fluence the blood concentration of Sr* more than that of Ça* . Heaney used this 
explanation for his observations on the relative excretory patterns of the two 
elements. BAUER and co-workers made a similar explanation of their obser-
vations on Ba* and Ca* metabolism in rats [В8] . 

3. Clearly Ca* is more suitable for studies of calcium absorption from 
the gut than is Sr* . Even Ca* is normally absorbed'only to about 25% when 
given by mouth. Discrimination against Sr* is high enough to make a minimal 
error in faecal collection and measurement disastrous even if there were a con-
stant parallellism in Ca and Sr absorption. 

45 

4. Ca , which emits no gamma-rays, cannot be detected by external 
counting. For this technique Ca47 and Sr 85 appear equally ideal. It remains to 
be seen whether the difference in gamma-ray spectra- provides any advantage 
beyond the important one that the two tracers can be simultaneously identified. 

Measurements of the tracer content of samples or entire collections of 
urine or faeces are generally easier by gamma-ray scintillation detection of 
Ca47 and Sr85 than by beta-ray detection of Ca45-. However, when total balance 
studies are made it is necessary to isolate Ca from the excreta. Under such 
conditions Ca45 might be almost as convenient as gamma-emitting tracers. 

The weak beta-ray of Ca45 is ideally suited for autoradiography. Adminis-
tration of Ca47 and Ca45 thus permits external detection in vivo of tracer located 
in a multitude of Haversian systems which may subsequently be individually 
analysed by autoradiography of bone samples. 

5. The half-live s of Ca45 , Ca47 and Sr immediately suggest certain difr. 
ferent ranges of application of each of these isotopes. 

9 



6. In summary, each of the three isotopes Ca45, Ca47 and Sr85 has a unique 
combination of chemical and physical properties which clearly define their ap-
plications in clinical and research work. It may safely be predicted that these 
isotopes (and other bone tracers such as the tetracyclines) will be used in com-
bination with each other to an increasing extent. 

DISCUSSION 

FRASER: To this list of 3 tracers can be added stable Sr, with which we 
have done considerable work on gut absorption. It gives no radiation dose, is 
fair ly easily measured by flame photometry, and allows double or multiple 
tracer studies. 

NORDIN: The general tracer philosophy would imply that Sr can be used as 
a tracer for Ca in those tissues which do not discriminate between these elements. 
We believe the skeleton is one such tissue. But the gut is certainly not. The 
ratio of Sr to Ca absorption is variable from one person or one condition to 
another. 

FRASER: We believe that until our experiments and others like them are 
completed, there is insufficient data to rule out Sr as a tracer for Ca in absorp-
tion measurements. 

45 
MILHAUD: We have used only Ca as the Ca tracer. It has a half-life of 

convenient length to allow prolonged experiments and remeasurement of samples. 
Low background techniques give very high sensitivity: on adults we use tracer 
doses of 5 juc, on children 2 ptc. These quantities of Ca45 are little more than 
many people administer as a contaminant along with much greater quantities of 
Ca47. 

BAUER: By similar efforts, we could greatly reduce the amounts of Ca47 

we use. The convenience of Ca47 assay without lengthy sample processing is a 
vital advantage. 

NORDIN: I would say that Ca47 is in general the Ca tracer of choice, except: 
if a long term study is required, Ca45 is preferable for metabolic work and Sr85 

is preferable for external counting. 

THE OPTIMIZING OF Ca47 AND Sr85 ASSAY PROCEDURES 

R. A . DUDLEY 

The purpose of this paper is to present basic data which will help the ex-
perimenter to evaluate rationally for his particular problem (1) the significance 
of Ca45 contamination in Caf7, and (2) the most favourable conditions for Ca47 

and Sr85 assay by gamma counting. 

1. Toxicological significance of Ca45 contamination in Ca47 

The toxicological significance of Ca45 contamination in Ca47 is largely a 
matter of speculation. However, for the consumer of the isotope there exists 
no safe extreme to which he can in his ignorance retreat when choosing among 
the available grades of contamination. His funds can be used to minimize the 
hazard of a particular tracer application through purchase either of expensive 
high purity Ca47, or of more sensitive assay equipment. Rational action requires 
some assumption, however i l l founded, regarding the relative hazard of Ca45 

and Ca47. 

10 



For total body maximum permissible burden the ICRP [I-l] gives 30 /jcin the 
case of Ca45 and 5 Ate in the case of Ca47. These figures apply to continually 
maintained burdens in occupationally exposed individuals, and have little relevance 
to occasional medical tracer applications. 

Simple calculations give a rough comparison of skeletal dose and dose rate 
for Ca45 and Ca47 following single tracer administrations. It is in the final step 
of comparing the hazards associated with these respective doses and dose rates 
that the speculation enters, due to lack of fundamental radiobiological knowledge. 
The results of such calculations are given here; the inescapable speculation 
remains for each individual user of these isotopes. 

Ca", i.7 d Se", 3.4Sd Ti STABLE 

Fig . l 

Decay scheme of Ca47 and Sr47 (N1). 

The decay schemes which have been assumed for the isotopes are as 
follows: 

1. Ca45 : pure beta emitter, E max = 0. 254 MeV, 
165 day half period 

2. Ca47 - Sc47 as in Fig. 1 [N1]. 
Under certain plausible assumptions, whose errors are probably small com-

pared with those introduced by the essential subsequent radiobiological specula-
tion, it is possible to calculate the dosimetric comparisons of Table L This 
gives the number of ¡ j c o í Ca45 which yields the same "exposure" (i. e. cumulative 
dose or initial dose rate, and either averaged over the entire skeleton or averaged 
throughout a "hot spot") as does ljuc of Ca47. 

TABLE i 

Ca45 ACTIVITY DOSIMETRICALLY EQUIVALENT TO 1 juc Ca47 

Dose averaged over skeleton Dose averaged over "hot spot" 

Cumulative Dose Initial Cumulative Dose Initial 
Dose Rate Dose Rate 

0.2 [ic 5 fic 0.04 ц с 0.7 ¡ic 
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" Animal experiments [C2]! suggest that in the case of Ca45 nearly all the bone 
receives a dose of at least half the skeletal average, while a few per cent (Haver-

., ^.sian canals, epiphyses, bone surfaces - colloquially known as "hot Spots") re r 

ceive a dose ranging up to 10-20 times the average. 
On the basis of these physical facts the physician must undertake the scien-

tifically distasteful but essential radiobiological speculation leading to an estimate 
of Ca 4 ^;Ca 4 7 hazard equivalence. As a purely hypothetical example, suppose 
hé guesses that 1.0 jucxjf-Ca47 and 0.1/JCof Ca45 are equivalent. Then 1.Оде of 
Ca47 accompanied by 0% Ca45 activity at injection, 0.83/uc of Ca47 accompanied 
by 2% Ca45 activity, and 0.5 дс of Ca47 accompanied by 10% Ca45 activity might 
all be said to be equally hazardous. 

2. Experimental data on Ca47 and Sr85 gamma-ray detection 

A systematic set of measurements on Ca47 and Sr85 sources with several 
types of Na l (T l ) scintillation equipment is reported here. It is possible that 
other scintillators, such as plastic, might compete effectively with Nal (T l ) in 
certain-circumstancés. GM counters could probably compete only under limited 
specialized conditions. 

A. Equipment . . " 

Five different Na l (T l ) crystals were included in the series of measurements. 
Their pertinent properties are listed in Table II. (Crystals of numerous other 
sizes are commercially available. The shapes of the crystals used in this study 
are not necessarily the most favourable for Ca47 - Sc47 detection, but for most 
applications are satisfactory. An analysis of optimum crystal shape has been 
given by MAY and MARINE LL I [ M l ] . ) Al l crystal units were optically coupled 
to single-glass photomultiplier tubes of approximately the same diameter as the 
crystal itself, with ftîe following exceptions: one 8 cm tube and three 8 cm tubes 
were used, respectively, on the 10 X 10 cm and 20 X 10 cm crystals. 

The pulse-height spectra in the energy range 0-1.7 MeV were recorded on 
a 256-channel pulse-height analyser. In the case of background measurements 
the counting rate above the multi-channel analyser range was determined using 
an integral discriminator set at 1.7 MeV. 

Two conditions of shielding were employed. One set of background spectra 
for the three solid crystals was taken with no shielding at all, i . e. with the 
crystals on a basement laboratory bench. Al l other measurements (with two 
exceptions) were made with crystals roughly centred inside a steel room having 
inner dimensions 2.4 m X 1.5 m X 2.0 m high, wall thickness 15 cm, and an inner 
lining of 3 mm Pb. The two exceptional measurements were those on the Ca47 

and Sr85 sources in the large well crystal while it was situated in a closely sur-
rounding Pb shield. 

Certain of the measurements were made with the source in a phantom. This 
consisted of sheets of masonite stacked in a block 92 cm long, 30 cm wide, and 
25 cm deep. The sources were centred at a depth of 7 cm, or 6.4 g/cm2. They 
were situated during measurement vertically below the crystal face, which lay 
in a horizontal plane. . . . 

B. Sources — 

The several sources of Ca47 - Sc47 and Sr85 were in the form of 1 ml solutions 
"solidif ied" with gelatin at the bottom of 1.3 cm O.D. glass test tubes.. During 
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counting, the source test tube was placed inside a second closely fitting glass 
test tube, giving a total wall thickness equivalent to about 400 mg/cm2, The 
solution itself, the glass, and the metal can and A1203 reflector of the crystals 
gave a total thickness sufficient to absorb all or essentially all of the beta-rays. 
The absolute activity of the several sources was estimated to be accurate to 
about 15%; their relative activities were accurate to a few per cent. 

C. Measurements 

On each of the three solid crystals the following measurements were made: 
(1) Background with no shielding; 
(2) Background in steel room; 
(3) Ca47 and Sc47 spectrum with stronger source centred 50 cm 

below crystal face; 
(4) Ca47 spectrum with stronger source centred 50 cm below 

crystal face, in masonite phantom at depth of 6.4 gm/cm2 ; 
(5) Ca47 and Sc47 spectrum with stronger source 50 cm to side of 

crystal; 
(6) Ca47 and Sc47 spectrum with weaker source centred on crystal 

face; 
(7) - (10) Sr85 spectra under conditions analogous to items (3)-(6). 

On the well crystals the following measurements were made: 
(11) Background in steel room; 
(12) Ca and Sc spectrum with weaker source in well; 
(13) Sr spectrum with weaker source in well. 
The spectra and counting rates recorded for source at side of crystal were 

very similar to those with source centred under crystal (except for a scale factor 
correcting for changed projected area of crystal). The approximate results and 
deductions for this side-on condition can therefore be calculated from the data 
obtained with source centred under crystal; no further analysis of the side-on con-
dition is given. 

D. Data 

The data resulting from the foregoing measurements are presented in 
Table III, which gives either cpm (background) or net cpm/цс (source) under the 
conditions specified. The table was compiled by summing the counts in certain 
pertinent energy bands in the accumulated spectra of each isotope, including 
Sc47. (This isotope was included since it of fers an alternative means of Ca47 

assay as decribed later. ) The energy bands are shown in the column headings 
of Table III. This selection of energy bands includes the more favourable integral 
discrimination or single channel discrimination possibilities. In the case of Ca47 

and Sr85, these options include either (a) virtually the whole spectrum or (b) the 
photopeak of the most prominent (or only) gamma-ray. In the case of Sc47, 
single-channel analysis is highly desirable to exclude the higher energy back-
ground and Ca47 gamma-rays. (The very small Ca 7 contribution to the Sc47 

band has been subtracted out of subsequently presented data. ) Depending on the 
exact conditions of a particular experiment, such as degree of self absorption, 
crystal resolution, gain stability, etc., these energy bands might advantageously 
be slightly readjusted. 

14 
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3. Interpretation of 'data 

In the following, interpretations of the data in Table III, emphasis is placed on 
counting statistics despite the fact that many additional factors influence relia-
bility of technique. Since these are not amenable to a mathematical analysis, 
each experimenter must evaluate their-importance for his own application. This 
importance should not be minimized; . 

The data of Table III contain so many, parameters that it is impossible to 
present simple statistical deductions applicable to all experimental conditions. 
Instead, examples of conclusions are given for two representative situations. 
The individual experimenter may calculate similar deductions pertinent to his 
particular needs. 

A. Example of data interpretation for whole-body counting 

The data in Table III which are most nearly relevant to the measurement of 
the Ca47 content of a patient*s body are those for source in phantom at 50 cm 
from crystal. On the basis of standard statistical principles [L4, G3] the mini-
mum amount of activity required in the phantom to give a counting standard 
deviation of 3% in a total counting time of 1 h is given in Table IV for several 
different counting conditions. (The counting time of 1 h includes the time for 
both source-plu s-background and background measurements, in the optimum pro-
portions. ) 

TABLE IV • 

47 
Ca M с REQUIRED FOR 3% STANDARD DEVIATION IN 1 H COUNTING 

TIME, SOURCE IN PHANTOM AT 50 cin 

Crystal Shield >0.20 MeV >1.24 MeV 

0.20 -

1.35 Me;V 

1.24 -

1.35 MeV 

4.4 x 5.1 cm None 0.72 2.2 0.71 1.0 

Steel 
room 

0.15 0.90 0.13 0.41 

10 x 10 cm None 0.23 0.46 0.22 0.21 

Steel 
room 

0.042 0.14 0.035 0.050 

20 x 10 cm None 0.10 0.17 0.10 0.070 

Steel 
room 

0.018 " -"0.048 0.015 0.014 

Among the useful statistical conclusions that can be deduced from Table IV 
are the following: 

(1) "The steel room reduces the necessary activity by a factor of about 5. 
(2) ' The successively larger crystals permit successively smaller 

activities by steps of about a factor of 3 in the more favourable 
energy ranges. 
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(3) Single-channel analysis is not particularly advantageous if all 
energy ranges are equally acceptable on grounds other than 
statistical. However, if photopeak analysis is desired to reduce 
errors associated with scattering and absorption in the body, 
single channel analysis on the photopeak (1.24-1.36 MeV) permits 
roughly half as much activity to be used as does integral dis-
crimination at the photopeak (1.24 MeV). 

It should be emphasized that if background fluctuations do occur, the errors 
they introduce increase rapidly as net source counting-rate becomes less than 
background counting-rate. The large reduction of background by shielding or 
single-channel analysis therefore gives for low-activity samples an increase 
in confidence which exceeds the statistically deduced factor. 

Estimates of the costs of these various assay systems can only be very 
rough. Such a steel room of 15 cm wall thickness would at commercial rates 
cost about $5 000 for steel, with perhaps an additional several thousand dollars 
for construction, Pb lining, and various special features. However, most of the 
advantages of such a room could for clinical tracer purposes be obtained much 
more cheaply: local shield on the crystal itself; cheaper materials such as 
talc, chalk, dunite, or scrap,iron (e. g. old railroad tracks); or simply a thinner 
shield [M5]. Typical costs for crystals of these sizes, including photomulti-
pliers, are: 4 .4X5.1 cm, US$350; 10 X 10 cm, $1 500; 20 X 10 cm, $4 500. 
A typical cost of single-channel analysis beyond that of integral discrimination 
might be $700. 

B. Example of data interpretation for measurement of small samples 

The data in Table III most nearly relevant to the analysis of the Ca47 content 
of small samples are those for source at crystal surface or in well of crystal. 

Before the deductions from Table III are examined, a digression must be 
made to describe the possibilities of Ca47 assay via Sc47 assay. This indirect 
assay of Ca47 has two features of possible interest: it is in some circumstances 
the most sensitive gamma-ray assay system for Ca47, and it can be carried out 
with high sensitivity even after the Ca47 has decayed through two or three half 
periods. 

An initially pure Ca47 sample of 1.0 /лс produces Sc47 whose activity reaches 
a broad peak of 0.43 ¡лс at about 6 d, and which is above 0.35 /лс at 3 to 10 d. The 
initial presence of some Sc47 alters these values, but can be allowed for in any 
arq.ount using the familiar radioactive growth and decay curves, preferably 
handled graphically [ E l ] . While this initial Sc47/Ca47 ratio must be known 
(either from the sample history or a separate measurement), accurate knowledge 
may not be essential. For example, if the Ca47 activity present at time zero is 
to be calculated from the Sc47 activity measured at 8.0 d, 80% of any Sc47 present 
at time zero has by then decayed, and the correction for its presence at 8 d will 
often be small. 

The extent to which this assay procedure is useful in actual human tracer 
applications can be determined only by experience. It is possible, for example, 
that the initial Sc47/Ca47 ratio, and the correction it requires, will decrease 
as the time between Ca47 injection and urine or blood sampling increases. It is 
just at these later times that the heed for sensitive detection procedures will be 
greatest. 

Table V gives, for representative detection conditions, the number of micro-
curies of Ca47 required to give 3% statistical accuracy in a total counting time of 
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1 h. The data based on Se47 analysis (0.14-0.18 MeV) represent the activity on 
day zero of an initially pure Ca47 sample as computed from a measurement on 
the Sc47 present on day 8.0 (at which time the Sc47 activity is 41% of the initial 
Ca47 activity). A l l detectors are assumed to be shielded within the steel room. 

TABLE V 

ACTIVITY (IN 10-4 juc) REQUIRED FOR 3% STANDARD DEVIATION IN 1H 
COUNTING TIME. SAMPLE IN CRYSTAL WELL OR ON CRYSTAL FACE. 

Crystal 

0.14 -

0.18 MeV >0.20 MeV 
0.20 -

1.35 MeV 
1.24 -

1.35 MeV 

4.4 x 5.1 cm 3.8 7.0 6.2 10 

10 x 10 cm 4.0 5.0 , 4 . 2 3 .5 

20 x 10 cm 4.6 5.1 4.3 2.1 

4 .4 x 5.1 cm wel l 0.9 2.2 1.9 4 .2 

12.7 x 14 cm well 1.8 2.1 1.9 1.5 

While no results have been shown for the unshielded crystals, calculations 
indicate that shielding has approximately the same effectiveness under these con-
ditions as for the whole-body counting conditions previously described, i . e . the 
absence of shielding would require activities about 5 times higher. Other con-
clusions which may be drawn from Table V are: 

(1) Sc47 analysis in the''small well crystal allows use of about half as much 
- Ca47 activity as do other methods. This applies only to appropriately 

small sâmples. : 

(2) Large crystal size is not a significant advantage in the analysis of these 
very small samples. However, due attention must be given to sample 
volume expected in a particular application; a large crystal can ac-
commodate a bigger sample than can a small crystal. 

(3) Single-channel analysis is essential for assay of Sc47, but for détection 
of the Ca47 gamma-rays helps by as much as a factor of 2 only for the 
20 X 10 cm crystal. However, by raising the ratio of source to back-
ground counting-rate it makes bàckground fluctuations less serious. 

From an economic point of view, heavy shielding is probably always justified 
in these applications. The expense of large crystals and single-channel ana-
lysers is here similar to that described in connection with "whole-body counting". 

4. Summary 

Careful consideration of optimum detection.equipment is important in human 
tracer applications of Ca47 because of its high price, the possible dependence of 
this price on Ca45 contamination, and the problems of radiation hazard. Rational 
action requires that some assumption be made regarding the relative radiation 
hazard of Ca47 and the contaminant Ca45. While the final assumption remains 
largely a matter of speculation owing to the absence of fundamental radiobiologi-
cal knowledge, certain relevant dosimetric calculations have been given. 
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Data have been presented on the response of several Na l (T l ) scintillation 
systems, covering a variety of crystal sizes, shielding conditions, energy 
ranges, and source positions, to the gamma-rays of Ca47, Sc47, and Sr85, and 
to background radiation. These data, given in Table III, constitute the chiëf 
results of this study. Statistical conclusions have been deduced for two repre-
sentative Ca47 applications: whole-body counting and small sample assay. In 
whole-body counting a wide range of techniques yields a wide range of sensitivity 
levels. In the assay of small samples a smaller range of sensitivity levels is 
found, the highest of which involves measurement of the Sc47 rather than the 
Ca47 gamma-rays. Some consideration is given to the economics of alternative 
detection systems. It is likely that the more elaborate equipment may in certain 
circumstances pay for itself through savings on isotope: purchase, and in any case 
of fers the advantage of significantly reduced radiation dose. 

DISCUSSION 

VEALL: We are examining this possibility of Ca47 assay through measure-
ment of Sc47, but our evaluation is still incomplete. Since we have to concen-
trate the activity in the urine samples anyway, for adequate sensitivity, we can 
perhaps precipitate the Sc47 and thereby get both reduction in bulk and the possi-
ble preferential sensitivity of Sc47 assay over Ca47 assay. In an aqueous solu-
tion, filtration at pH 4.5 deposits all the Se47 on the f i l ter paper. Whether the 
same simple procedure works with urine we have not yèt determined. The ambi-
guity as to Sc47/Ca47 ratio at time zero we would expect to eliminate by an initial 
removal of all the Sc47, followed by growth of Sc47 for a defined period of time. 

COREY: We have observed that a considerable amount of Sc47 has been 
present along with Ca47 in blood. Undoubtedly the differences in the metabolism 
of Sc and Ca make for difficulties in the assay of Ca47 via Sc47. 

VEALL : I have heard from workers at-the Royal Marsden Hospital that 
freshly excreted urine has a very low Sc47 /Ca47 ratio, and therefore a fair ly 
well defined status facilitating Ca47 assay via Sc47. I feel that if Sc47 is to be 
measured, the measurement should be made on separated Sc47, since Ca47 counts 
-in the Sc47 energy band would give some interference. 

FRISCHAUF: Our results on Sc47 /Ca47 ratios in bpth blood and urine agree 
with the two previous comments. , 

BAUER: It seems clear that more information on the metabolism of Sc in 
the body would help in evaluating the difficulties of Ca47 assay via measurement 
on the Sc47. 

PEARSON; We do have, of course, a considerable body of information on, ., 
chemically related elements, such as yttrium and gallium. It is unlikely that 
Sc metabolism is too different. 

BAUER: Is it. possible by measuring the Sc47 activity not just once, but at 
2 or 3 different times, to,.correct for the interfering Sc47 initially present in the 
sample? -, „ 

DUDLEY: Yes., However, I don't wish to overemphasize this Sc47 measure-
ment trick. In principle it has certain advantages but in practice the difficulties 
may make the technique too troublesome or tço unreliable. There are щапу 
other possibilities for improving the, sensitivity of one's,technique, arid Ï have 
tried to point these out in my talk. 

COREY: Incidentally, we have considered the possibility of measuring the 
Sc47 gamma-ray at late time intervals in our external localization studies. Its 
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low-energy gamma-ray allows much better resolution than the high energy Ca47 

gamma-ray. Of course, the relationship between Sc47 and Ca47 activity is 
naturally more complex in vivo than in vitro, and we can*t say yet how feasible 
this will be. 

NORTH: The most sensitive method of assaying Ca47 in samples collected 
rather long after Ca47 administration may be by analysis of the accompanying 
С a45 contaminant. 

Ca47 MEASUREMENTS IN URINE AND FAECES AND CHEMICAL 
ESTIMATION OF CALCIUM IN URINE 

N. VEALL* 

1. Introduction 

The sporadic supplies of Ca47 make it necessary to carry out tests on as 
many patients as possible each time a shipment comes. We find that if six 
patients are studied simultaneously this saturates the available technical facil i-
ties, particularly manpower. For this reason, and because we are primarily 
concerned with the possibility of using Ca47 for diagnostic work, effort has been 
devoted to the development of techniques which can be carried out with the sort 
of facilities which are likely to be available in most hospital radioisotope 
laboratories. 

2. Measurement of Ca47 in faeces 

Two methods have been studied in detail. The first consists in placing the 
entire specimen on top of the open lead castle of a well-type scintillation counter. 
Sc47 counts are eliminated by adjustment of the discriminator bias. The use of a 
single-channel pulse analyser does not give a sufficient increase in statistical 
accuracy due to reduction of the background count to compensate for the conse-
quent decreased stability of the equipment. 

The second method uses a modification of the ring of GM counters originally 
developed for I131 measurements [ V I ] . By using 8 copper cathode tubes (G24, 
20th Century Electronics) instead of lead cathode tubes the sensitivity (c/m/juc) 
for Sc47 is only about 15% of that for Ca47. Insertion of a 4 mm lead liner reduces 
the Sc47 count by a further factor of 8, but results in a decrease of only 20% in 
the Ca47 count. Under these conditions the contribution of Sc47 is found to be 
negligible. 

The sensitivity of the scintillation counter arrangement ( ~ 9 000 c/m/yuc) 
is substantially higher than that of the ring counter ( ~ 2 000 c/m/juc), but with 
the scintillation counter the variation of count rate with specimen mass and 
geometry is large enough to make it necessary to homogenize the specimen and 
adjust to a standard volume. In the case of the ring counter this effect is negli-
gible. If the time taken for specimen preparation and equipment cleaning is 
taken into account, the ring counter system involves much less time and effort, 
and is therefore preferred. In practice, with an oral tracer dose of about 18juc 
of Ca47, it is not necessary to count any specimen for more than five minutes. 

* Co-author: J.D. Pearson 
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3. Measurement of Ca47 specific activity in urine 

The amount of Ca47 in the f irst day's urine is of the order of 0.5дс. The 
sensitivity of the ring counter for a 2 000 ml sample is about 2 ООО с/т-дс , that 
of the scintillation counter 3 300 c/m-juc. It is a simple matter to adjust the 
sample volume to a standard value (the polythene bottles used for collections 
have a calibration mark at 2 000 ml) and the scintillation counter is therefore 
used because of its higher sensitivity. However, this system is insufficiently 
sensitive to use after the f irst day. 

For the weaker specimens obtained on days two and three, it is found slightly 
preferable to take only 250 ml of urine in a polythene bottle, place this directly 
on top of the crystal and reduce the background by raising the level of the lead 
shielding. This system has also been used extensively for determining the Ca47 

recovery after submitting the 250 ml urine specimens to various chemical ex-
traction procedures. 

By the third day, neither of these methods is adequate and some method of 
extraction becomes necessary. If most of the Ca47 is extracted from 250 ml 
urine specimens and counted as 5 ml samples in the cavity of the well crystal it 
is possible to plot the curve for urine specific activity up to about fifteen days. 
However, if this curve is to have a significance when it is analysed as has been 
done by other workers with Ca45, it is essential that the experimental points be 
reasonably accurate. This demands both accurate radioactivity measurements 
and chemical Ca measurements. At the same time, it is desirable that the 
measurements should not be unduly laborious. 

In theory, the requisite data can be obtained by extracting a major part of 
the Ca47 in a small volume, counting it, determining the chemical calcium content, 
and calculating the specific activity. A knowledge of the total chemical calcium 
content of the entire urine sample also enables the Ca47 recovery and. hence the 
Ca47 content of the original urine to be calculated. In practice, it is essential 
that the method used for extraction should be compatible with the method used 
for the subsequent chemical calcium determination. 

A few experiments were done to examine the possibility of extracting the 
Ca47 from 250 ml urine specimens with a small ion exchange column, the resin 
being counted in the well crystal. The Ca47 recovery was variable and only of 
the order of 50%, presumably because only part of the urinary calcium is present 
in ionized form. Since extensive pretreatment of the urine appeared to be neces-
sary, this method was not regarded as practical. 

4. Chemical determination of calcium in urine 

We have started an investigation of the reliability of chemical Ca assay 
procedures for urine by two approaches. First, we have tested several methods 
recommended by standard references [PI , U l ] , and have checked chemical Ca 
recovery by measuring Ca47 recovery. Second, we have organized an inter- and 
intra-laboratory comparison of Ca assays. 

Our own tests are not yet either complete or definitive, but the preliminary 
results have been disturbing. The inter-laboratory comparisons demonstrate 
that other groups have also experienced difficulties. 

In the expectation that the results of our tests will be instructive, despite 
their preliminary character, we give in Table VI observations on .the percentage 
Ca recovery from 250 ml urine samples under various precipitation procedures. 

It is evident from these data that the methods employed here which depend 
on oxalate precipitation cannot be regarded as reliable since the calcium re-



TABLE VIII 

Method Average Recovery % No. of Experiments 

1. Excess H 3 PO 4 fol lowed by 

NaOh to pH 10+ ' -
77. 0 (as phosphate) 6 

2. Excess H3PO4, 10* boiling, 

+ NaOH to pH 10+ • 
90. 5 (as phosphate) 6 

3. H 3 P 0 4 + 1 0 ml conc. HNO3 

and 10' boiling NaOH to 97. 5 (as phosphate) 6 

pH 10+ 

4. H 3 P 0 4 + H N O 3 , 10' boiling, 
ppt redissolved HC1. 75. 0 (as oxalate) 7 
re ppt as oxalate at pH 4. 5 

5. Urine buffered pH 4. 5, 

ppt as oxalate 
67. 0 (as oxalate) - 7 

6. Preoxidation with amm. 

persulphate, ppt as oxalate 
52. 0 (as oxalate) 5 

covery was for all 3 cases incomplete (though it tends to be better if the urine 
has a high calcium content). Furthermore, it is not possible to correct for the 
incomplete recovery by using the isotope dilution technique, since a variable 
proportion (of the order of 50%) of the magnesium present is со-precipitated with 
the calcium. Although the three phosphate procedures gave higher recoveries 
than the.oxalate procedures they were still not entirely reliable,, and the phos-
phate also gives rise tó difficulties in subsequent chemical procedures. 

For the chemical estimation of the recovered calcium the permanganate 
method appeared most attractive as the titration involved about 10 ml of N/10 
KMn04 and could be done easily and accurately. However, this method was 
abandoned when it was found that magnesium gave rise to appreciable errors. 

The EDTA titration is rather more laborious. Phosphate can be easily re-
moved by passage through an ion-exchange column (there appears to be an in-
explicable loss of 2-5% of the urine calcium during this operation). The method 
cannot be used if oxalate is present, and oxidizing agents such as nitrate also 
interfere. For accurate results dry ashing appears to be necessary, but this is 
not difficult as it is only necessary to treat samples equivalent to a few-ml of 
urine. 

At present, flame photometry appears to be the method of choice, and in 
experienced hands it appears to give reasonably accurate results provided the 
correct procedures are established for the elimination of errors due to sodium 
and phosphate. However, there is evidence that many laboratories may be some-
what over-confident about the accuracy of the results obtained by this method. 

i 

5. Inter-laboratory comparisons 

, EDITORS* NOTE: > , . , . . ' 

Results of an inter-laboratory comparison on chemical assay 
of càlcium in urine were reported at the Panel.1 ' The dis-
crepancies which were'revealed'stimulated a larger inter-
comparison subsequent tó the meeting. The results of this 
second more definitive intercomparison are given in 
Appendix I. ' ' 
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DISCUSSION 

DYMLING: For our faecal measurements we use a 4" X 2" Nal crystal at 
20 cm from the faecal sample, counting f irst above and then below the sample 
in a shielded enclosure. This gives us a detection efficiency largely independent 
of sample size, and a very high efficiency. Since we are always measuring 
faecal excretion following parenteral injection, rather than oral adminstration, 
our need for sensitivity is perhaps greater than Veall 's. 

VEALL : Since we can count our faecal samples in our ring of GM counters 
in 5 minutes, we have no need for greater sensitivity. Our detector system 
cost only £20; I suspect a scintillation system would cost much more. 

COREY: We homogenize our faecal samples and count an aliquot with a 
scintillation detector. 

FRASER: We assay some of our lower activity urine samples by a measure-
ment on the separated Ca. We run a 2-h collection of urine (about 100 ml, for 
example) through 2 g of a cation resin, Zeocarb 225 in the sodium phase, and 
count the resin (swollen to about 3 ml volume) in our well crystal. The ad-
sorption capacity of the resin is adequate under these conditions, and extraction 
efficiency for a 3" column with a 5-h time of passage of the urine through the 
column is virtually 100%. On low activity blood samples we sometimes pre-
cipitate the Ca as oxalate and count the precipitate. 

COREY: We have analysed our urines by counting the Ca oxalate precipitate. 
We initially had minor errors due to losses of precipitate during transfer into 
the counting tube. This recovery has been checked with radioactive Ca pro-
cedures, and is now satisfactory. In the future we plan to use a 3" X 3" Csl 
crystal with the urine in a bottle shaped to fit over this crystal. In this way we 
hope for high efficiency from large urine samples, without any need for pre-
cipitating the Ca. 

BAUER: Of course, if concentration of the Ca by ion exchange columns or 
precipitation is essential, one must do it. However, since one of our reasons 
for using the gamma-emitting Ca47 isotope is to avoid the need for lengthy pro-
cessing of samples, Í think techniques which permit direct counting of these 
samples without processing are to be preferred. 

DYMLING: Before we get into a discussion of stable Ca assay techniques, 
could we consider the conditions under which Ca47 activity alone is insufficient, 
thereby raising a need for stable Ca data to permit conversion of Ca47 activity 
to units of specific activity (Ca47/g Ca). In some applications, in particular the 
studies of kinetics, it suffices to measure total Ca47 urinary output, and deter-
mination of stable Ca in the urine is unnecessary. 

FRASER: I agree that Ca47 measurements alone are usually sufficient. How-
ever, there is ât least one problem in which determination of chemical Ca in the 
urine is essential, namely Veall*s problem of the absorption of Ca through the 
gut. • 

VEALL : We have to measure stable Ca in the urine for the reason that we 
analyse urine merely as a means of determining the activity of a large volume of 
plasma. We can determine the correspondence between volume of urine and 
volume of plasma only by assaying stable Ca. We assume the specific activity 
in plasma and urine to be the same. 

NORDIN: I disagree, perhaps, with Frazer and Dymling regarding the un-
importance of expressing data as Ca47/g Ca rather than Ca47/unit volume. I 
believe the skeleton, for example, is more interested in the quantity of Ca in the 
blood than in the volume of the blood that passes through it. One can sometimes 
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get away with the expression in terms of volume because in normals the stable 
Ca concentration in plasma is so constant. But under abnormal Ca metabolism 
conditions one blunts the effectiveness of the whole tracer technique if he does 
not present data as specific activity. One can assume, I believe, that the spe-
cific activity of extra cellular fluid is the same as plasma. Unfortunately, there 
is no easy method of determining the specific activity of intra cellular fluid. 

FRASER: We do measure Ca in the plasma, and several times. But we 
calculate our results f rom the mean value. Individual values are more constant 
than our ability to measure them. 

HEANEY: Dow and Stanbury reported wide differences between the specific 
activity of Ca in urine and blood samples collected at the same time. The ratios 
were as high as 2 or 3 to 1, I believe. This is not my experience in a large 
series of patients. Does anyone else have data showing a discrepancy of this 
magnitude between blood and urine specific activity? 

COREY: We have a few patients on whom preliminary data show a difference 
of perhaps 10%. We also have found slight differences in the specific activity of 
ultrafilterable and protein-bound Ca in plasma samples. 

MILHAUD: We have found no difference between blood and urine specific 
activities. 

BAUER: Could we summarize this discussion as follows: In kinetic studies, 
it is desirable to measure plasma Ca, but it is not necessary to measure urine 
Ca. However, when urine Ca47 is measured as a substitute for plasma Ca47, 
then urine Ca must be measured. The bulk of evidence is that urine and plasma 
specific activities seldom differ by more than a few percent at any given time. 

Could we turn now to techniques of chemical Ca assay. Have tests on Ca 
recovery from urine not been made earlier with Ca45 as a checking tracer? 

VEALL.: I couldn't find such references in Analytical Abstracts. 
FRASER: Certainly tests of this general sort have been conducted, for 

example, by Maclntyre. Under his conditions recovery was better than Veall 
reports, though still not complete. We too have tested recovery of Ca from 
urine and found losses much less severe than Veall reported. 

NORDIN: Regarding oxalate interference with EDTA titration, I believe bnly 
the rarest abnormal samples have sufficient oxalate to interfere. Concerning 
Ca oxalate precipitation, it is vital that one use a saturated oxalate solution, and 
a volume equal to urine volume. 

VEALL : We used only 8 ml of 3% oxalate with 200 ml urine. 
NORDIN: Surely this is the explanation of your low Ca recovery. An equal 

volume of saturated solution of oxalate is essential. 
VEALL : I can believe that the technique we have used is not the best. How-

ever, it was the technique recommended in the latest edition of the most general-
ly accepted reference on clinical chemistry. In the final analysis, my case is 
simply that Ca assay in urine is very tricky, and that, as the inter- and intra-
laboratory comparison proves, many laboratories which claim to be capable of 
accurately determining Ca in urine are in fact not capable of doing so. 
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METHODS OF LOCALIZATION OF Ca47 AND Sr85 

K.R. COREY* .. 

1. Introduction 

This work was started in the spring of 1958 when we were able to obtain enriched 
Ca46 from the Oak Ridge National Laboratory. Since then, we have carried out 
Ca47 studies on patients with and without bone lesions with particular emphasis 
on bone metastases from breast carcinoma. These studies were f irst directed 
towards obtaining basic information on the distribution and turnover of Ca47 in 
patients as well as towards the technical aspects of the clinical uses of this 
isotope. The findings, including results from external counting in 43 studies 
on 30 patients combined with the kinetic analyses of blood and urine excretions 
and with calcium balance determination have been published [C4, G2] and a new 
scanning system, the HEG scanner, has been designed and built [L2] . With this 
scanner the work has been continued and extended towards various uses of Ca47 

in clinical research and diagnosis such as the early detection of bone lesions 
[C3] and the determination of effects of radiation therapy, hormone or other 
therapies on the calcium uptake and turnover in known lesions. 

2. Localization methods 

As the details of our methods are largely described in the above references, 
only a summary is given here. 

In the initial period of this work, external counting was done with a modified 
counter originally designed for radioiodine measurements. It had a 1 X I f " N a l ( T l ) 
crystal surrounded with a 3 cm thick lead shield with a 4 cm aperture which 
extended 7 cm in front of the crystal. This shielding was unsatisfactory for Ca47 

gamma-rays and a correction for the excess background due to penetrating 
gamma-rays was determined with a 7 cm thick lead f i lter. Counting was done 
with the shield aperture in direct contact with the skin above the area of bone 
being examined. Two counts were taken at each location with and without the 
7 cm thick lead f i l ter in the aperture. 

After completion of the construction of the new HEG scanner in the spring 
of 1960, it was used with either a 2" diameter cylindrical collimator or a focus-
ing collimator for these studies. A small correction for gamma-rays penetrating 
through the shield was necessary, and was determined by taking a background 
measurement over the patient with the counter facing the wall. 

A l l counting was done with gamma-ray spectrometers. To eliminate Sc47 

gamma-rays, discrimination against energies below 400 keV was used with the 
radioiodine counter. With the HEG scanner an 8% channel over the photopeak 
was used for the Ca47 and a 20% channel for Sr85. 

Aliquots of the original injection solution were counted under standard con-
ditions and results of external counts, called uptakes, were expressed as percent 
of the administered dose. Expressed in this way, uptakes obtained'with a spe-
cific collimator on different patients can be intercompared although one has to, 
keep in mind that variations will be introduced by differences in size and shape 
of patiénts and by differences in excretion. The ratio of the uptake over each 
area to that over a standard area, the midshaft of the tibia, .was then calculated. 
The standard error of these ratios was less than 15% with the old counter and 
3% with the HEG scanner. . ... -

* Co-authors: P. Kenny, E. Greenberg, J.S. Laughlin 
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In order to utilize fully the advantages of the high, energy gamma-rays of 
Ca47, Sr85, Zn65 and others, the HEG scanner was designed and constructed. 
The f irst consideration was to obtain high efficiency using a 4" X 4" Nal (Tl) 
crystal and good shielding of the detector. Secondly, it was designed so that 
large and small areas of the body could be surveyed automatically. The region 
scanned is an area of 6 ft by 2. 5 ft in the horizontal plane. Two scanning heads 
were designed: one to move above the patient on an elevated track, and the other 
to move below the patient on a floor-mounted track. In the aperture of each 
shield various collimators can be inserted. Highest resolution is obtained with 
the tungsten focusing collimator (Fig. 2). Other collimators used in this study 
had single cylindrical apertures with 1" and 2" diameters. A thin lucite platform 
supports the patients and is easily removed when a bed or stretcher is preferred. 
The scanning head moves with either continuous or step-wise motion. The speed 
can be adjusted from 0.1 cm/s to 10 cm/s in orthogonal directions in the hori-
zontal plane. The vertical position of the head is also controlled by motors, and 
it can be rotated manually through a complete hemisphere. 

Spatial Resolution 
of 19 Hole 
Tungsten Collimator 

Isocount Contours 
in Axial Plane 

Co 4 7 Point Source 
in Polystyrene ; 
Channel Width: 
120 KeV ot 1 31 MeV 

Widtb of 50% 
Contour in Focal 
Plane: 1.1cm 

Fig. 2 

Isocount curves of tungsten focusing collimator for С a47. 

When the step-wise motion is used, counts are obtained for a preset time. 
At the end, the accumulated count for each detector is printed by an electric 
typewriter and the detector is automatically moved to the next position to be 
counted according to a predetermined programme. In the scans presented here 
3/16" or 3/8" stepping was used in both horizontal directions. The typewriter 
carriage is driven by two synchromotors so that the two dimensional display of 
counts on the paper is in a 1;1 scale. Inside each collimator a small light source 
is fixed which throws a light spot in the direction of the centre axis of the colli-
mator on the patient's skin while scanning and aids the making of convenient 
landmarks on the scan. At the end of the scan the paper is superimposed on the 
patient and contours and bony points are also marked on the scan. This mákes 
it possible to superimpose the scan on radiographs or later to relocate these 
same areas on the patient. 
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Fig. 3 

Focusing collimator scans of ankles superimposed on drawings made from radiographs. Preset time 25 s. 
Background 25 counts in 25 s. The small circles indicate the position of each medial malleolus marked 
during the scan. The larger area marked indicates the "hot spot" as it was outlined immediately after 

the completion of the scan. 

Fig. 3 illustrates scans of two ankles in a patient with breast carcinoma, ob-
tained by this scanning technique. High uptakes can be seen over the lower end 
of the left tibia where radiographs also revealed an osteoblastic lesion surrounded 
by a sclerotic area. It was noted that the marked "hot spot" corresponded to the 
most dense area of the bone as seen on the radiograph and that the lower count 
rates over the sclerotic area were still considerably above those in the other ankle. 
The highest count rates above the right ankle, which was considered normal, were 
registered over the medial malleolus and the distal end of the tibia. The need to 
obtain knowledge about the normal distribution is emphasized by the variation of 
count rates between different positions on the normal ankle. 

The 2" diameter cylindrical collimator yielded count rates over the ankle that 
were 5 times those over the right ankle, while the focusing collimator measure-
ments were more than 20 times those on the corresponding normal point. This 
demonstrates the improvement obtained in the ratio of count rates when the focus-
ing collimator with a sharp resolution is used. On the other hand, the advantages 
of the larger aperture collimators are high count rates and insensitivity to po-
sitioning of collimator over a bony area. In this work the 2" diameter collimator 
has been used for preliminary surveys and for the study of the time dependence of 
the uptake while the focusing collimator served to outline lesions in order to 
establish whether there was a distinct lesion and what the nature of the calcium 
uptake was in different parts of this lesion as well as in normal bones. 

DISCUSSION 

VEALL : Is it necessary to have a depth as great as 4" to your crystal? 
COREY: We feel that this depth is necessary for efficient counting of the 

1.3 MeV gamma-rays of Ca47 . To achieve the same total absorption with the 
0.364 MeV gamma-rays from I131, for example, a crystal 1.4 in thick would 
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suffice. With Ca47 there is also the factor of relatively low uptakes of the isotope 
at any particular site; in contrast to the case of I131 in the thyroid. Both of these 
considerations make the use of large crystals necessary. 

HEANEY: We have built a special counter for localization measurements on 
extremities. It is a 3" long liquid scintillation counter, ' in the form of an annular 
cylinder. The inner diameter of 6" gives space for insertion of an arm or leg. 
The essential feature of this device is that its efficiency is almost uniform over 
the central 2" diameter, and elaborate fabrication of standards is therefore un-
necessary. Substantial Pb shielding is used around the assembly, and Pb colli -
mating inserts are used to confine sensitivity to a short length of the limb. Ad-
ministration of 5-10 /jc Sr85 is required in a typical study. 

WENDEBERG: At Malmo we use a very simple scanning device, consisting 
of а 2м X 2" crystal with shield and with collimators of various sizes and shapes. 
We have plotted iso-count curves using a Sr85 point source in a water phantom, 
and we have also compared our in vivo measurements with post-operative bone 
sections from the same patient. We feel our simple system gives very useful 
results. 

BAUER: I should think the much more elaborate scanner described by Corey 
would be significantly more useful than our simple system only under rare con-
ditions: for example, the accurate delineation of a metastasis in the spine pre-
paratory to precise X-ray irradiation. 

COREY: Most of our work is concerned with the problems in malignant 
disease involving bone. We are interested in making quantitative measurements 
of calcium uptake in normal and diseased bone, and in finding how this varies as 
a function of time and different types of treatment. We are also trying to detect 
metastatic disease in the very early stages. For these applications, which are 
much more difficult than determining merely whether large elevated uptake has 
occurred in a lesion, we feel that a scanner of the type that we have built is 
necessary. 

BAUER: Absolute quantification of the amount of isotope in a local region 
i s usually not necessary. It is usually more useful to compare the region in 
question with another similar region of the body which is unaffected by the 
lesion. 

NORDIN: Is it possible to make a localization measurement in such a way 
that one distinguishes between bone and tissue fluid? 

VEALL : Perhaps so by using in effect two counters, one looking at the bone 
region of interest and the other looking at soft tissue elsewhere in the body. 
Immediately after injection, prior to bone uptake, both see only tissue fluid 
activity. At later times, this tissue fluid ratio should remain similar, and pro-
vide a correction to the activity in the bone region. Lacroix's autoradiographs 
show that the question of localization concerns micro-dimensions, and external 
counting will never yield information at this level. Might I ask, for my informa-
tion, are the results from external counting sufficiently valuable to justify the 
effort? ' 

Regarding localization, we should not forget that the inverse square law 
suggests one cheap method of elevating counting rate in the region of interest 
compared with the rest of the body. Short distance is more useful than heavy 
collimators in some circumstances. 

BAUER: There are numerous cases in which external counting has revealed 
bone lesions before radiographs; hence the technique is surely useful. Micro 
techniques and the grosser methods of external counting are complementary, not 
mutually exclusive. 
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II. S T U D I E S O F I N T E S T I N A L A B S O R P T I O N 

STUDIES ON INTESTINAL CALCIUM ABSORPTION IN MAN USING Ca47 

J.S. CAMERON* 

We have used Ca47 to study the intestinal absorption of calcium in patients 
with and without bone disease. 

1. Methods 

Patients were admitted to the ward two days before the arrival of deliveries 
of Ca47. Up to six patients were studied with each batch of Ca47 at approximately 
monthly intervals. After admission the dieticians interviewed each patient and 
estimated their previous calcium and vitamin D intake. During the first 48 hours 
the patients ate a diet of their choice similar to their home diet. After an over-
night fast the dose of 10-15 Цс Ca47 was given at 9 a.m. as Ca47Cl2 in about 75 ml 
milk; the next meal was taken four hours later. For the next week they re-
mained on a constant known Ca intake and all stools and urine passed during 
this time were kept for Ca47 counting and stable Ca estimation. Urinary Ca ex-
cretion was measured in the seven 24-h urines. Food and faecal Ca were measur-
ed by incinerating weighed aliquots. 

The absorption of Ca47 was determined as follows ; all faecal specimens 
were assayed for Ca47 as already described (Veall and Pearson, this symposium). 
The cumulative faecal excretion of Ca47 was plotted against time, and after 
transit of the unabsorbed Ca47, became more or less constant. This figure, ex-
pressed as a percentage of dose and subtracted from the administered Ca47 gave 
the absorption. This calculation gives only net absorption and ignores the Ca47 

secreted in intestinal juices during the period of study. It is, of course, possible 
to correct for this, if the specific activity of the urines passed during the test 
period, and hence of the extracellular fluid, is known. In practice, however, 
the correction to the net figure is complex and usually less than 2%; the simpler 
net absorption is used throughout the following study. 

The Ca47 was given to 49 patients in all: 44 received oral doses and 5 intra-
venous doses. Collections and assays were complete in 36 of those receiving . 
oral Ca47 and all f ive of those given intravenous Ca47. The results in these 41 
patients are reported here. 

2. Absorption of Ca47 

The percentage absorption of Ca47 in 12 control studies given oral Ca47 is 
presented with other relevant data in Table VII. 

The absorption of Ca47 fe l l within a narrow range of 20-34% in this group. 
Increasing the load of stable Ca given with the Ca47 in three patients did not 
significantly depress the percentage of Ca47 absorbed. Two of these patients 
had received over 2 g Ca daily for several weeks. Plasma citrates in one set 
of six subjects did not correlate at all with the absorption of Ca47, but a citrate 
infusion given in one case during the absorption of the Ca47 resulted in enhanced 
absorption. Trhe plasma citrate was about 90 mg% at this time. 

Co-authors: W. J. H. Butterfield, N. Veall , J. R. Rees, V. Parsons. 
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TABLE VII 

Ca47 ABSORPTION IN CONTROLS 

Stable Ca Ca47 Stable Ca on Test 

No. Sex Age given with 
Ca47 (mg) °/o Absorption 

% Excretion 
(in 1st day) 

Excretion 
(mg) 

Intake 
(mg) 

1 M 66 103 23 1. 00 152 910 

2 M 44 103 28 1. 37 152 1200 

3 F 26 103 33 0. 95 82 1200 

4 F 29 103 29 1.15 156 925 

5 M 26 100 26 1. 53 340 1200 

6 M 59 100 34 4.05 84 920 

7 • M 63 103 29 4. 20 138 910 

8 M 63 100 20 0. 96 - 1200 

Ca47 given with a larger stable load of Ca in milk 

9 M 66 200 28 1.48 162 925 

10 M 29 800 23 2.45 444 2190 

11 M 60 600 21 0.15 158 1291 

Citrate infusion during Ca47 absorption (plasma citrate 90 mg "jo) 

12 F 28 100 53 2.08 156 1200 

The percentage absorption of Ca47 in all severe primary osteoporotics is 
given in Table VIH. Al l these cases had severe spinal osteoporosis with radio-
logical evidence of either a decrease in the central vertical height of vertebrae 
or actual crush fractures. Three of the cases were associated with rheumatoid 
arthritis and had peripheral osteoporosis as well. One of these had, as a result 
of her steroid therapy, developed diabetes mellitus. The general level of ab-
sorption is higher overall in this group than in the normals, as is shown in Fig. 4. 
The previous intake of calcium by six of these cases without rheumatoid arthritis 
was estimated by the dietician. Since our figures for Ca47 absorption were ob-
tained without alteration in the diet until the dose had been absorbed, it seemed 
reasonable to make from these data an estimate of previous Ca absorption. This 
is shown in Table IX. There is a large variation in both previous intake and per-
centage Ca47 absorbed even within this closely selected group, but the mean pre-
vious Ca intake in these six severe primary osteoporotics does not differ from 
that calculated for the normal population in the same fashion. 

The results in other bone and intestinal diseases are shown in Table X and 
Fig. 4. Both acromegalics were active; the hyperparathyroid case was diagnosed 
on the tracer and biochemical data alone and had a solitary adenoma at operation; 
and the osteomalacic studied before and after vitamin D treatment was a severe 
adult case with renal Ca loss who responded only to 300 OOOu of vitamin D weekly. 
The enhanced absorption in the two cases of malignant disease is interesting 
since in neither was there clinical evidence of bone involvement. 
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TABLE VI I I 

Ca47 ABSORPTION IN OSTEOPOROTICS 

No. Sex 
Ca 4 7 Stable Ca on Test 

No. Sex Age 

% Absorption 
°lo Excretion 

(1st day) 
Excretion/day 

(mg ) 

Intake/day 

(mg ) 

1 F 65 45 1. 35 154 1200 

2 M 75 62 0.84 82 1200 

3 F 67 50 1. 54 180 770 

4 F 80 32 0. 15 38 770 

5 F 63 26 0.84 114 900 

6 F 77 26. 5 0.70 102 830 

7 F 68 36 2.70 156 830 

8 F 55 52 3. 56 - 1200 

With rheumatoid arthritis as we l l as osteoporosis 

9 F 81 85 5. 45 238 1200 

10 F 69 57 0.32 96 1200 

With rheumatoid arthritis and diabetes - on steroids 

11 F 65 45 2. 71 510 1200 

TABLE IX 

Ca INTAKE IN OSTEOPOROSIS 

Case Sex Age 

Estimated 

previous 

С a intake 

(mg/d) 

°lo Absorption 

Ca4 7 

Calculated 

absorption 

Ca (mg/d) 

2 M 75 450 62 279 

3 F 67 719 50 360 

4 F 80 1270 32 406 

5 F 63 1851 26 481 

6 F 77 362 26 94 

7 F 68 1230 ' 36 440 

Mean 343 

NORMALS 1260 + 27 * 340 

+ Nat. Nutritional Survey for 70 kg subject 

* Mean of our normals 
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Fig. 4 

Absorption of Ca47 in control subjects and bone diseases. 

TABLE X 

Ca47 AND BALANCE DATA 

Daily Ca (mg) 

(mean of f ive days) 

Calculated Ca 
absorption % Ca47 

Absorbed 

Daily Ca (mg) 

(mean of f ive days) 
Allowance for i. j . 

% Ca47 

Absorbed 

Food Urine Faeces Balance 

Allowance for i. j . 

% Ca47 

Absorbed 

Food Urine Faeces Balance 
None 250 mg 

% Ca47 

Absorbed 

OSTEOPOROSIS 831 102 592 + 137 29 45 27 

OSTEOMALACIA 655 92 594 - 31 9 34 16 

OSTEOPOROSIS 831 156 708 - 33 15 35 36 

HYPERPARA-HYPERPARA-
831 452 325 + 54 61 70 80 

THYROIDISM 
831 452 325 61 70 80 

3. Comparison of Ca47 absorption and balance 

Comparison was made by four careful balance studies between tracer ab-
sorption and stable Ca absorption calculated from the balance data. These are 
given in Table XI. 

Food, faecal and urinary calciums during the balance period were each 
measured by different methods f ive to seven times on different aliquots. The 
four cases had very high, moderate and low absorptions of tracer. Since the Ca 
absorbed from the gut is derived from a mixture of ingested Ca and an unknown 
amount of Ca in the intestinal juices, the figures for the calculated Ca absorption 
are shown both as directly obtained and corrected for an arbitrary (but reasonable) 
estimate of 250 mg/d intestinal juice Ca. Agreement is only moderate, which is 
not surprising in view of the difficulties of accurately measuring stable calcium 
in urine. 
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TABLE X I 

Ca47 ABSORPTION IN OTHER BONE DISEASE 

Ca il Stable Ca on Test 

Sex Age 
"¡o Absorption 

% Excretion 
(1st day) 

Excretion/day 

(mg) 

Intake/day 

(mg) 

ACROMEGALY F 38 62 3. 70 229 910 
M 40 48 2. 95 272 1200 

OSTEOMALACIA F 28 27 0.11 2 900 
Untreated F 63 16 0. 29 92 770 
Treated F 63 41 0.23 60 665 

MALABSORPTION F 67 11 0.414 84 700 
M 59 35 1. 15 72 1940 

PAGET'S F 54 53 2.7 332 1325 
HYPERPARA- F 44 80 7.4 452 830 

THYROIDISM 
ANKYLOSING M 28 36 0.87 82 1200 

STON. 
HODGKIN'S M 20 35 0. 94 300 1200 
С A. BRONCHUS M 58 48 1. 54 196 910 

4. Excretion of Ca47 

Excretion of the Ca47 in the urine was also measured, at f irst in seven con-
secutive 24 h urines, then later in the study only the f irst 24 h urine after Ca47 

administration, since this gave substantially the same data. 100% absorption 
was imitated in four normals and one osteoporotic by intravenous injection of 
Ca47. 

The Ca47 excretion in the urine related to the absorption of tracer is shown 
in the normal cases in Fig. 5, and in osteoporotics and osteomalacics in Fig. 6. 

The osteoporotic and osteomalacic groups show increased retention of Ca47 

compared with their level of absorption, while the controls show a fairly linear 
relationship between tracer absorption and excretion. The disease cases other 
than osteoporotics and osteomalacics were similar to the controls. The retention 
of Ca47 by osteoporotics compared with the other cases is open to several inter-
pretations ; one possible explanation is that their previous diet was Ca deficient. 

Fig. 5 

Ca47 absorption and excretion in control subjects 
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Fig. 6 

Ca47 absorption and excretion in osteoporosis and osteomalacia 

The dietary estimates of previous Ca intake in these cases do not, however, 
support this. Many interesting lines of investigation arise from these data which 
are now being followed up, along with attempts to reduce the number of collections 
necessary for the method. 

In summary, results of a direct method of estimating Ca47 absorption and 
excretion in man are presented in 41 patients with and without bone disease, and 
compared with measurements of stable Ca performed on the same cases. 

INVESTIGATIONS OF CALCIUM ABSORPTION IN MAN USING Ca47 

K. NORTH* 

1. Introduction 

It has recently been found (HARRISON et al. 1961 [HI ] ) that some cases of 
osteoporosis go into abnormally positive calcium balance when placed on a high 
calcium intake to which other cases show only the normal response. It was 
hoped that an oral absorption test would throw some light on this. So far in-
sufficient data have been obtained to answer this problem, but a number of nor-
mal and miscellaneous cases have been studied in developing the test, and the 
results obtained are described in this paper. The absorption of stable strontium 
has been studied at the same time to see whether it would serve as a reliable 
tracer of calcium absorption. 

2. Methods 

Subjects were placed on a standard high calcium intake of 2 meq/kg-day for 
several days before the test. At about 10 a. m. on the day of the test, having 
fasted since the previous evening, they drank a mixture of strontium, calcium 
and magnesium gluconates made up to 200 ml with locasol. The dose of 20 ¡jc 
of Ca47 was drunk either from a separate container after the electrolyte mixture 
or mixed with it. The amount of calciurn, strontium and magnesium in the dose 
was standardized as the test evolved. On our present plan, each patient receives 
20 meq strontium, 5 meq calcium and 0. 5 meq of magnesium per 70 kg body 
weight. 

Whole-body counts were made on the subjects before and immediately after 
the dose and at intervals over the ensuing week. Blood was drawn for estimation 

j . 
Co-authors: R. Fraser, E. H. Belcher. 
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of Ca47 and stable strontium at 2 h and 4 h after the dose. Urine was collected 
over the f irst 24 h. Faeces were collected directly into tins, each tin holding two 
or three days' faecal output. 

The method of estimation of strontium in serum, urine and faeces is des-
cribed by FRASER et al. (1960) [F2], Assay of Ca47 in serum and urine was 
carried out using a well scintillation counter in conjunction with a s ingle-channel 
pulse-height analyser, the latter being so adjusted that only counts from-the 
1. 28 MeV photopeak were recorded. 

In most cases pooled faeces were assayed in the tins in which they had been 
collected, the tin being placed at a fixed distance in front of the crystal scintilla-
tion counter used for whole body measurements. A small calibration factor was 
included in the calculation to take account of differences in geometry between the 
faecal sample and the standard. 

Whole-body measurements were made in a low background room using a 
single crystal scintillation counter with a thallium-activated sodium iodide crystal 
3" in diameter and 3. 5" thick, in conjunction with a single-channel pulse-height 
analyser adjusted to record only the 1. 28 MeV photopeak. The subject sat in a 
standard chair 50 cm in front of the crystal. The measurements quoted were 
made at a time when faecal clearance of the dose was virtually complete; this 
was normally six days after the dose. A factor was included in the calculations 
to compensate for differences in geometry between the standard and the subject. 

3. Results 

The results are shown in Tables XII, XIII and XIV. In general, they depend 
upon the amount of carrier accompanying the tracer dose. 

a. Serum levels . 

The concentration of Ca47 in the serum was approximately the same at 2 and 
4 h after the dose, the 2 h level being usually a little higher than the 4 h level 
(Table XII). Cases with no evidence of bone disease or absorption defect gave 
values of 0. 55-1. 19 and 0. 48-0. 98% dose/litre for the 2 and 4 h samples respec-
tively. One case with osteoporosis and another receiving ACTH showed low 
figures; in contrast a case receiving vitamin D showed levels above the normal 
range. 

b. Urine levels 

There was a wide variation between different cases in the amount of Ca47 

excreted over the f irst 24 h. When, however, this was expressed as a specific 
activity there was much less variation, the range being 0. 10-0. 16% dose/meq Ca-
day. 

c. Faeces 

In some of the cases recovery was incomplete. Addition of whole-body radio-
activity to the cumulative faecal radioactivity in these cases gave totals less than 
100%, suggesting incomplete collection of faeces. In more recent cases, the dis-
crepancy was small, and could be accounted for in terms of urine loss. 

d. Whole-body radioactivity (measured after faecal clearance of the dose was 
complete) 

In the group of normal subjects, retention ranged from 10. 2-16. 5% dose. 
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TABLE XIV 

RELATIONSHIP BETWEEN Ca47 AND STRONTIUM 

Carrier Dose Case Serum Urine 

2 h 4 h 0-24 h 

Sr 20 meq / 1 1.4 1.5 0.58 

Ca 5 " 2 1.9 1 .4 0.33 

Mg 0.5 " 3 2.3 1.9 0.50 

< 4 2.3 1.9 0,66 

6 2 .5 1 .6 0.55 

7 2.3 2 .2 0.58 

\ 8 1 . 1 1 .2 0.32 

Sr 20 meq Í 11 2 1.6 0,42 

6 
Ca 5 " J 12 - 1.3 0.27 

° < Mg 0 . 5 " ] 13 2.3 1.7 0,44 

6 
Per 70 kg / 14 - 2.5 -

Sr 20 meq Г 15 1.8 1.7 0.47 

Ca 10 " ) 

Mg 0 . 5 " / 16 1.5 1.4 0.28 

The values in each column give the ratio Ca 4 7 /Sr when Ca 4 7 and Sr are each expressed 

as % dose. 

The results differed in the cases receiving a non-standard dose of carrier. 
Those receiving one-sixth the amount of carrier gave higher serum, urine and 
whole-body measurements, while those who had twice the standard dose of calcium 
carr ier gave subnormal values (Table XIII). 

Fig. 7 

Relation of whole-body radioactivity, measured in most cases 6 d after an oral dose of Ca47 (ordinate), to the 

concentration of Ca41 in the plasma 2 and 4 h after the dose (abscissa). 
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In Fig. 7 whole-body radioactivity after faecal clearance is plotted against the 
serum Ca47 levels at 2 and 4 h after the dose. There is some scatter but a fairly 
good general correlation. In Fig. 8 whole-body radioactivity is plotted against 
urine Ca47 specific activity over 0-24 h and gives a similar degree of correlation. 

0.1 0.2 0.3 0.4 
SPECIFC ACTIVITY 0F0-24h URINE 

Fig. 8 

Relation of whole body radioactivity (see Fig. 7) to the specific activity of the urine passed during the first 24 h 
after a dose of Ca47. The specific activity was obtained by dividing the Ca47 of the urine expressed as % dose 

by the total calcium in the urine expressed as meq. 

When comparing the Ca47 and strontium results it was found that the ratio 
between these two tracers was approximately constant, though there was a fairly 
wide scatter (Table XIV). Strontium absorption was about one-eighth that of cal-
cium, allowing for the difference in dosage, while urinary excretion of strontium 
was about four times that of calcium. 

STUDIES ON THE INTESTINAL ABSORPTION OF DIETARY CALCIUM 
IN MAN WITH С a45 

G. MILHAUD* 

The process of calcium absorption in the digestive tract is fundamental as 
it represents the absolutely necessary supply for the body. Before the use of 
labelled calcium, it was not possible to measure the amount of dietary calcium 
absorbed by the gut. 

Several methods have been proposed for measuring calcium absorption 
[B15, B16, B19, Gl, N3] . 

The measurement of the amount of absorbed dietary calcium is made by 
taking into account that the stool calcium is the sum of non-absorbed dietary cal-
cium plus the calcium excreted by the intestine. In other words: 

F = Vj_ - V a + V f , (1) 
where F = total stool calcium (g/d) 

Vi = dietary calcium (g/d) 
V a = amount of dietary calcium absorbed by the intestine (g/d) 
Vf = calcium excreted by the intestine (g/d) 

^ Co-author: J. P. Aubert. 
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F and Vi are measured chemically. Vf is determined with the aid of Ca45 

in the following manner. Ca45 is injected intravenously., and its output in urine 
and faeces measured. The specific activity of Ca45 passing into the urine through 
the kidney, and the specific activity of Ca45 passing into the faeces through the 
intestine, are assumed to be at any one instant the same (i. e. that of blood at 
the instant in question). It is also assumed that the ratio of kidney excretion 
rate to intestine excretion rate does not change with time. Then 

Vf/Vu = Rf/Ru 
or Vf = Vu X Rf/Ru 

where Vu is the daily urinary calcium (g/d), Ru the total cumulative urine Ca45, 
and Rf the total cumulative faecal Ca45. When F, V¿, and Vf are all known, V a 

is calculated from equation (1). 
We have studied the absorption of calcium in man and the excretion of 

calcium by the intestine in the normal subject and in a number of diseases which 
showed either an increase or a decrease or no disturbance of this process [M3] . 
We have also investigated the effect of vitamin D, parathormone, cortisone and 
sodium phytate [M4] . 

1. The normal subject 

For an ingestion of 0. 9 g/d calcium, the amount absorbed varies greatly 
from one subject to the other, all of them being nevertheless in balance. This 
balance means that bone formation balances bone resorption: therefore every 
day 250 mg calcium are absorbed at the lower range and 430 mg are absorbed at 
the higher range. 

Calcium absorption and excretion are linked by a linear relation in normals 
at least. For an absorption varying from 250 to 500 mg/d, they vary in the same 
direction and are directly proportional (Fig. 9). 

5 0.2 

o> 

> " 0.1 

Fig. 9 

Normal subject 

2. Pathological conditions 

In Paget's disease, the absorption and excretion were essentially normal, 
which indicates that the severity of the disease and especially the bone resorption 
rate does not seem to affect them as the osteolysis varied from 1. 7 g/d to 
13. 5 g/d. 

Two cases of hyperparathyroidism in balance with very high urinary calcium 
excretion (400 mg/d) showed a big increase in calcium absorption with a decrease 
in calcium excretion (Fig. 10). 

The injection of parathormone to one hypoparathyroid patient was followed 
by a twofold increase of the absorbed calcium and a twofold decrease of the ex-
creted calcium. 

In some, but not all, cases of hypercalciuria, a picture similar to hyper-
parathyroidism was obtained. 
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Va (g/d) 

Fig. 10 

Hyperparathyroidism 

Intestinal calcium absorption was found to be severely impaired in chronic 
glomerulo-nephritis ; in 6 cases out of 8, it varied between 0 and 16%. At the 
same time there was a very significant increase in calciunv excretion (Fig. 11). 

Va<9/d) 

Fig. 11 

Chronic glomerulo-nephritis 

The effect of vitamin D on intestinal absorption is well known. In cases of 
hypoparathyroidism or in cases of chronic glomerulo-nephritis (Fig. 10, 11, 12), 
it caused an increase in the amount of calcium absorbed and a decrease of the 
amount of calcium excreted. 

. BEFORE ИГ.0 
X AFTER VIT. D 

V^(g/d) 

Fig. 12 

Hypoparathyroidism 

Osteoporosis and osteomalacia showed the same disturbance in the ratio 
absorption-excretion as did chronic glomerulo-nehpritis. 

In hypoparathyroid patients, faecal excretion of calcium was roughly constant 
(Fig. 12). 

In tetany with normal calcaemia, the disturbances were intermediate between 
the normal subject and the hypoparathyroid patient. 

Sodium phytate decreased Ca absorption from the intestine. Át the same 
time the excretion of calcium was greatly enhanced (Fig. 13). 
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Fig. 13 

Sodium phytate 

Cortisone can diminish the intestinal absorption of calcium but this effect, 
is much less constant in the human than in the rat [M3] and seems to depend 
greatly on the amount of the drug used. 

In conclusion, it is obvious that in several diseases the ratio excretion-ab-
sorption observed in the normal subject can be modified, sometimes severely, 
in one direction or the other, but always absorption undergoes more variation 
than excretion. 

There is an obvious need for greater understanding of the biochemical and 
physiological mechanisms which control calcium absorption. 

CALCIUM ABSORPTION MEASUREMENTS WITH Ca47 , 
USING WHOLE-BODY COUNTING 

H. BOHR* 

In the following a method is described for determining the absorption of Ca47 

f rom the intestines in terms of retention in the body after oral administration. 
A total body monitor from the Central Laboratory of the Finsen Institute, 

Copenhagen, was used in these experiments. It consists of four Nal(TL) crystals 
4" (diameter) X 2" each, shielded by water tanks. Measurements were carried 
out with a multichannel pulse-height analyser using the photopeak of the gamma-
rays of 1. 3 MeV. The high sensitivity permitted use of only a few microcuries 
of Ca47. 

In four patients with uterine cancer but otherwise normal, an extra supply 
of 2. 4 g calcium was given daily as lactate beginning six days prior to the test 
and continuing throughout the experimental period. 1-2 juc of Ca47 were ad-
ministered in a glass of milk and measurements of the amount remaining in the 
body were carried out for the following 7-10 d. As shown in Fig. 14, the ac-
tivity decreases abruptly during the f irst 2-3 d due to passage of unabsorbed 
Ca47 with the stools. From the third day however, the activity diminishes at a 
much slower rate, indicating that the Ca47 retained is now mainly that absorbed. 
The continuous decrease in activity is due to excretion in the urine and to en-
dogenous faecal loss. 

On the last day of the test an intravenous injectiçn of about 0. 2 ¡лс Ca47 

was given to each person and the increase in the whole body activity measured 
was used for calibration. This method is based on the assumption that the dis-

* Co-authors: O. Munck, K . Wilsky. 
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DAYS AFTER ADMINISTRATION OF Ca47 

Fig. 14 

Ca47 retention following oral administration to 4 subjects 

tribution of Ca47 in the body shortly after an intravenous injection is approxi-
mately the same as after absorption from the intestines. 

In Table XV the retention values in percentage of the dose are shown at dif-
ferent days after the oral administration of Ca47. The standard deviation for the 
counting statistics given in brackets is seen to be comparatively small, and the 
error due to the geometry in the measurements was about 5%. From Fig. 14 it 
is seen that there is a marked similarity between the curves of the four cases, 
and the average retention on the fourth day after administration of Ca47 was 
8. 6 + 2%. 

We do not assume that the retention figures calculated give the true values 
for the percentage of dose absorbed. In any determination of absorption there 
is a source of error due to the unknown endogenous intestinal excretion. What 
we have measured is the absorption minus the excretion in the urine and the en-
dogenous faecal loss. Measurements in two cases of the excretion of Ca47 in 
the urine during the f irst four days following the oral administration gave the 
figure of 0. 2 and 0. 3% of dose, respectively. Assuming that the endogenous 
intestinal excretion of Ca47 is of the same order of magnitude, the retention on 
the fourth day closely corresponds to the absorption. 

The test described was applied in the case of a 23 year-old woman with 
severe osteopenia showing a negative calcium balance amounting to a loss of 
about 400 mg calcium per day. A thorough examination carried out at the medical 
department В of the Bispebjerg Hospital, Copenhagen, failed to give any explana-
tion of the negative calcium balance, which was found to remain uninfluenced by 
the addition of 2. 4 g calcium to the food and by the administration of pancreatic 
enzymes. A study of the bone metabolism after intravenous injection of Sr85 

showed normal values for the excretion in the urine and faeces, and the accretion 
rate determined by the method of Bauer, Carlsson and Lindquist was normal. 
Though there were no signs of osteomalacia either clinical or by histological and 
microradiographical investigations of a bone biopsy from the iliac crest, it was 
thought that malabsorption of calcium must be present. Following an oral ad-
ministration of 300 000 units of vitamin D per day, the calcium balance became 
distinctly positive, and at this stage an absorption test with Ca47 was carried 
out, while she was still on the high calcium intake. Table XV shows that the 
retention on the third and fourth day after the administration of Ca47 l ies within 
the normal range in accordance with the results of the calcium balance. 
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TABLE XV 

RETENTION OF Ca47 IN PERCENT OF DOSE 

Day after 
administra-

tion of 
Ca47 

Case 1. 
normal, 

retention 
of Ca47 

Case 2. 
normal, 
retention 
of Ca47 

Case 3. 
normal, 
retention 

of Ca47 

Case 4. 
normal, 

retention 
of Ca47 

Case 5. 
osteopenia, 

retention 
of Ca47 

0 111.8 (<1 ) 9 9 . 2 ( < 1 ) 

1 52.1 (<1 ) 90.1 ( <1 ) 65.5 (<1 ) 72.3 (<1 ) 

2 15.2 (1 .3 ) 9.6 (1 .8 ) 7.3 (<1 ) 27.0 ( <1 ) 25.7 (<1 ) 

3 12.1 (1 .5 ) 6.7 ( <1 ) 10.5 (<1 ) 8.1 ( <1 ) 

4 10.1 (1 .9 ) 8.6 (2 .1 ) 9.0 (<1 ) 7.3 (<1 ) 

5 7 . 3 ( 2 . 7 ) 7.6 (<1 ) 6 . 3 ( < 1 ) 

6 6.2 (<1 ) 6.3 (<1 ) 

7 6 . 0 ( 5 . 1 ) 6.8 ( <1 ) 6.0 ( <1 ) 

8 9.0 ( 3 .5 ) 

9 5.3 (1 .3 ) 

10 4 . 7 ( 1 . 3 ) 6 . 2 ( < 1 ) 5.4 (1 .5 ) 

AN ISOTOPE TEST OF CALCIUM ABSORPTION 

B.E.C. NORDIN* 

1. Methods : 

7. 5 /Lie of Ca47, usually with 20 цс of Sr85, were given in 250 mg of calcium 
as calcium chloride, flavoured with a little orange juice. The dose was given 
not less than 1 h after the last meal and no food was allowed for at least 1 h after 
the dose. 

Blood was withdrawn at various time intervals afterthe administration of the 
dose and the plasma activity was counted in an automatic well-type scintillation 
counter. Activity was expressed as percent of the dose per litre of plasma. 
Preliminary observations on nine normal subjects showed that the activity rose 
to a maximum at about 2 h and then remained fairly steady or fe l l slightly in the 
next hour. The 2 h plasma activity was therefore chosen for all subsequent tests. 

2. Results: 

There was a satisfactory correlation between the 2 h plasma activity and the 
net calcium absorption calculated from the calcium balance. The results of 19 

* Co-author: J. McGregor. 
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such comparisons are shown in Fig. 15, which gives the regression line and 95% 
confidence limits. In nine of these cases, the absorption test was carried out at 
the same time as the calcium balance. In ten, the absorption test was carried 
out up to a year after the calcium balance had been performed. As might be 
expected, the absorption tests agree somewhat.better with the balances carried 
out simultaneously than with balances carried out some time before. 

Net Ca l c ium Absorp t i on — */. 

Fig. 15 

Ca47 concentration in plasma as a function of net calcium absorption 
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Fig. 16 

Ca47 concentration in plasma for various disease conditions 

Results obtained in various clinical conditions are shown in Fig. 16. In the 
normal subjects, the absolute range extends from 0. 4 to 3. 0% of the dose/1 of 
the plasma, but the bulk of the data falls within the range. 0. 8 to 2, 2%. The 
results obtained in osteoporosis are indistinguishable from those in the normal 
subjects. The results obtained in steatorrhoea also extend right across the 
normal range but it must be emphasized that these cases include all types of 
steatorrhoea and, unfortunately, do not include any case of osteomalacia. We 
have reported elsewhere [N5] that the faecal calcium is slightly, but only slightly, 
increased in steatorrhoea. It is only in osteomalacia that the faecal calcium, 
rises above the dietary calcium and there is virtually total malabsorption. The 
majority of the? absorption-tests in the steroid-treated patients are low and two 
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cases with high absorption results were both on very small doses of prednisolone. 
It is particularly interesting that the lowest value of all was obtained in a case of 
Cushing's syndrome. These results confirm our own observations and those of 
others [B20]that corticosteroid therapy interferes with calcium absorption. This 
would naturally be a simple explanation for steroid osteoporosis in line with the 
general concept that it is due to negative calcium balance [N6]. 

For further details see Brit. med. J. ii_ (1961) 1539. 

GENERAL DISCUSSION 

CAMERON: Did Dr. North make allowance in his Ca absorption studies for 
the fact that-the Sr accompanying his administered Ca probably reduced the Ca 
absorption? 

NORTH: No, although we are of course aware of this competitive effect. 
Our purpose has been not so much to measure absolute Ca absorption as to dif-
ferentiate between absorption by normal and abnormal subjects under identical 
conditions. 

BAUER: Why do osteoporotic cases in Fraser 's and North's laboratory show 
a different absorption of orally administered Ca than do osteoporotics in Nordin's 
laboratory? Is osteoporosis one thing in London and another in Glasgow? 

FRASER: I assume the difference is attributable to technique. Our cases 
were on a defined stable Ca intake for several days prior to administration of 
Ca47 - f irst a low intake, then repeated at high intake. Controlling the stable Ca 
intake is surely a fundamental part of the test. 

NORDIN: I am not sure there is in fact the alleged discrepancy. We must 
distinguish between two different sets of data: Ca47 data and balance data. As 
for Ca47, Fraser has one case to be compared against our 34. His one case shows 
absorption within the range of our 34, although on the low side. I predict his 
results will be comparable with ours when he has done more cases - provided his 
techniques are as good as ours.' As for the balance studies, we also equilibrate 
our cases at two Ca intake levels, the f irst at the estimated home intake, the 
second at an elevated level. The whole test extends several weeks. Fraser 
believes osteoporotics have above normal absorption at high intakes. We find 
normal absorption but abnormal urinary Ca excretion: higher Ca in urine for low 
intake and lower at high intake, than normals. 

VEALL : Regarding Ca47 absorption determination by whole-body counting, 
several days after administration, as described by North and Bohr, one should 
certainly add to the whole-body activity the urine activity. It also was absorbed. 

NORTH: That is of course correct, but urine excretion is so low that its 
inclusion makes negligible difference. 

HOFFENBERG: We made some preliminary attempts at whole-body counting 
on children to whom we had administered Ca47. The sum of body activity and 
excreted activity appeared to total only 70% of administered activity a few days 
after administration. Does anyone have an explanation? 

VETTER: It is clear that calibration of whole-body counting is nbt easy. 
BAUER: There is an accumulation of data indicating that measurements on 

Ca47 in urine and faeces probably give more accurate results than does whole-
body counting in such studies. The data given by North showed a discrepancy of 
the same sort as described by Hoffenberg. I suspect this is also attributable to 
errors in whole-body counting. 

FRASER: Whole-body counting is not so inaccurate as that. To explain our 
discrepancy in terms of an error in whole-body counting would require an error 
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in the whole-body count of hundreds of percent. The real trouble in our cases is 
associated with the difficulty in obtaining complete collection of faeces. In the 
metabolic ward we do not have this problem, but several of our reported cases 
were not kept on the metabolic ward. 

BAUER: I find it easier to believe that errors exist in whole-body counting 
than that the authority of a Professor of Medicine in London is insufficient to 
prevent the loss of half a patient's faeces! 

CAMERON: I fully agree with Fraser regarding the difficulty of obtaining 
100% faecal collections. Is there any possibility that a significant amount of Ca47 

is lost in sweat? We made one measurement on the pyjamas of a patient, finding 
no Ca47, but this was a very fragmentary result! 

HOFFENBERG: We measured one time the amount of Ca lost in sweat during 
a hectic game of squash, and found extremely little. I doubt that this is a sig-
nificant route of Ca loss from the body. 

NORDIN: Dr. Milhaud, I am not sure I understand the meaning of your V a . 
Is it the absolute absorption of Ca from the gut into the body? If so, does your 
basic equation not require amendment so as to allow for the fact that considerable 
Ca is secreted in the digestive juice, and further along in the intestine is ab-
sorbed in the same percentage as is the orally administered Ca? 

MILHAUD: V a is not the absolute Ca absorption, but rather the absorbed 
part of the orally administered Ca. The digestive juice Ca is not part of the 
orally administered Ca, and is therefore not included in Va. 
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III. K I N E T I C S T U D I E S - I N T E R P R E T A T I O N 

EVALUATION OF CALCIUM KINETICS IN ADULT HUMANS 

R.P. HEANEY 

Evaluation of calcium tracer studies in human subjects is based upon two 
fundamental observations : (1) The miscible calcium pool is very much smaller 
than total body calcium, and (2) The turnover of this pool is considerably less 
than its measurable excretory or absorptive components. These observations 
then led, in the work of many investigators, to an equally fundamental assump-
tion, namely that the difference between total turnpver and its detectable exter-
nal components represented bone formation and resorption (or some reasonable 
approximation thereof). 

This approach gives rise to at least f ive very basic problems which must be 
resolved before validity can be attached to results derived from its application. 
These are : 

1. How can turnover of the pool be calculated, or, phrased differently, what 
is an accurate mathematical description of the pool specific activity curve? 

2. How soon may newly formed bone be resorbed (and hence influence the 
specific activity of the pool)? 

3. What is the nature, extent and homogeneity of the pool? 
4. To what extent does dystrophic calcification contribute to the pool or its 

turnover? 
5. To what extent does bone isotope uptake (exclusive of the skeletal contri-

bution to the pool) represent bone formation? 

1. Calculation of pool turnover 

In most cases the curve of pool calcium specific activity can be described 
by a simple monoexponential from roughly 50 - 150 h . After that time the ob-
served values usually lie above the extrapolation of this line. This change has 
been commonly attributed to the effect of one or more slowly equilibrating com-
partments and is correspondingly described by adding one or more exponential 
terms to the equation. This device fits the curve adequately, but may not conform 
to physiological reality, since a purely exponential expression contains a number 
of terms, all of them having real values (and hence affecting the curve) from zero-
time ownwards. 

Bone resorption, however, represents a process which is inactive (with re-
spect to recycling of isotope) for a period equal to the li fe span of the shortest-
lived species of bone, after which time it produces not just recycling but actual 
pool enrichment. Accordingly a pool influenced by resorption of isotope-contain-
ing bone cannot be characterized by any poly exponential expression. (See [H2] for 
mathematical expression describing recycling of isotope through a single delay 
cycle. ) 

If therefore one is to use the slope of the pool activity curve to calculate turn-
over, he must be absolutely assured that he uses a segment of the curve occurring 
prior to bone resorptive interference. 

2. Resorption of newly-formed bone 

How soon, then, may such resorption occur? Most workers feel that 7 d is 
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too short a l i fe span for any bone structural elements in normal adults, but it 
should be borne in mind that, since complete mineralization always requires sever-
al days and even w.eeks after osteoid deposition, and since it is precisely mineral 
deposition which our tracers measure, there may well be some net accretion go-
ing on in certain bone areas virtually up to the time of their destruction by osteo-
clastic activity. Naturally the less significant is this slow terminal accretion, the 
less significant will be the effect of resorptive interference, but it seems entire-
ly plausible to suppose that certain regions of cancellous bone may be resorbed 
within 3 - 4 weeks of their formation, and it also seems likely that such resorp-
tion would return significant amounts of tracer trapped within the bone during the 
final 7 - 10 d of its l i fe. This concept cannot be stressed too strongly, because 
the question of whether the break in specific activity curves at 150 - 200 h is due 
to resorption does not mean to imply a 150 - 2G0 h life-span between osteoblastic 
deposition of bone and its subsequent osteoclastic resorption. 

Studies with a double-tracer technique (Ca45/Sr85)very commonly demon-
strate either partial or complete flattening of the urine Sr85/Ca45ratio at ap-
proximately the time when the calcium specific activity deviates from linearity 
(see Fig. 17). A constant urinary ratio of these two tracers means a constant plas-
ma ratio, and this in turn, in the face of known discrimination between Sr andCa, 
means pool enrichment with Sr85 relative to Ca45. Bone resorption will inevi-
tably produce exactly this type of enrichment and the observation of this change 
constitutes strong presumptive evidence to support the hypothesis that early re-
sorption accounts in part for the later configuration of the curve. (BAUER et al. 
have observed a similar effect with Ca45/Ba140 [B8] and have invoked the same 
explanation. ) This change is hard to explain by means of slow equilibration with 
deeply situated compartments, and its presence does nothing to reassure us that 

Fig. 17 

Time course of pool calcium specific activity and urinary ratio of v S s and Ca45. The latter ratio remained 
essentially constant for the final 8 d of t\e stud}, tlv t bauge ш it, rite of decrease occurring at the same 

time the break appeared in ill ' < alciuni spvnho activity curve. 
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3. Homogeneity of pool 

The pool is important in adult man because, in contradistinction to small ani-
mals, it seems to be largely extraosseous, to turn over relatively slowly, and 
to contain as much or more tracer than does bone throughout the major portion 
of most clinical studies. Autopsy studies in which tissue Ca specific activities 
were calculated after premortem isotope administration, indicate that cavity fluid, 
muscle, l iver, kidney and skin reach a specific activity constant with respect to 
that of plasma within 5 h after injection. Furthermore, the calcium content of 
these tissues, coupled with their equilibrium specific activities indicate that from 
4. 0 to 5.0 g of the total pool is extraosseous in location. Cartilage (and presuma-
bly also tendon) reaches equilibrium much more slowly, requiring 20 - 30 h to 
reach a value constant with respect to plasma. The calcium content of this tissue, 
together with its slower mixing, probably accounts in large part for the slower 
mixing seen in in vivo studies. 

Each of the tissues studied, with the exception of l iver and cavity fluid, reached 
an equilibrium value considerably lower than plasma (kidney never exceeded 50% 
of plasma activity), and since there was no observed tendency of these values to 
change for as long as 10 - 12 d after injection, it is assumed that these tissues 
contain quantities of essentially non-exchanging calcium.For this reason and also 
since the amounts, though large relative to protoplasmic calcium, are absolutely 
small ( 1 to 5 mg per 100 g tissue), it is concluded that this non-exchangeable cal-
cium is accounted for by the inevitable microscopic areas of dystrophic calcif i-
cation (arteriolar walls, calcffied parasitic cysts, etc. etc.) 

Effect of dystrophic -calcification 

The presence of such dystrophic calcification then becomes a matter of some 
concern. Though exchanging extremely slowly with plasma calcium, it nonethe-
less, simply by virtue of its bulk, may influence observed pool turnover. This 
is true for two reasons : 1) There may be net "accretion" in areas of dystrophic 
calcification during the usual clinical studies, and 2) even true exchange (i. e. bi-
directional flux) will initially appear unidirectional, as far as isotope movement 
is concerned, if it occurs between a small active compartment and a large slug-
gish one. „., 

Autopsy studies, similar to those above,, but utilizing the specific activity of 
aortic plaques, gall stones, and calcified lung nodules, revealed weak exchange 
with plasma, with no tendency toward equilibrium.Representative mean values are 
estimated to be of the order of 1-1.5% that of plasma specific activity throughout 
the course of most clinical studies. On this basis, and'assuming that dystrophic 
calcium amounts to 10 g or less in an adult body, the influence of such calcium 
on pool activity can be safely neglected. On the other hand, if the mass of such 
calcium is of the order of 100 g (not impossible in elderly individuals) serious 
interference with ordinary kinetic studies will occur. Under such circumstances, 
Ca tracer studies could be interpreted safely only if each patient served as his 
own control (as in drug therapy studies, etc.). 

5. Isotope uptake and bone formation 

This is perhaps one of "the most significant problem areas in the field. No data 
are yet available. 
6. Conclusion 

C- . ' 
; The.^influence of bone, resorption on the pool calcium specific activity cannot 

be described by simple exponential expressions. The use of such expressions, even 
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with correction for slowly equilibrating compartments, will lead to erroneous re-
sults unless resorptive influence can be excluded. 

Double tracer studies suggest that significant resorption may occur as early 
as 7 d after isotope injection. Use of late portions of the curve to calculate turn-
over or bone formation may therefore be subject to serious error . 

Human autopsy tracer studies indicate that roughly two thirds of the miscible 
pool is extraosseous. Most of this portion of the pool equilibrates rapidly with plas-
ma. Dystrophic calcification probably influences the pool and its turnover little 
in young individuals, but may do so seriously in older patients with extensive ar-
terial or cartilaginous calcification. 

KINETICS OF С a47 AND Sr85 щ MAN 

B. WENDEBERG 

I will briefly describe the method of calculation of accretion rate and exchange-
able calcium spaces in man used at our laboratories in Malmo. The method is based 
on calculation of the body retention at two suitable intervals of time after injection 
of Sr85 or Ca47, when mixing of the isotope is complete within the exchangeable 
mineral spaces. The method thus principally is that described by BAUER, CARLSSON 
and LINDQUIST [B6] but differs in that the calculation is based on a two-compart-
ment model instead of a one-compartment model. 

Fig. 18 

Graphs show the four-compartment model for strontium kinetics in man used by BAUER and RAY [B12] 
and the specific activities in the different compartments during a 10-d period after injection of Sr85. 

The specific activities were calculated by the electronic computer SMIL at the University of Lund, using the 
fractional removal rates of strontium (figures at arrows in units per minute) and the sizes of the compartments 

(figures within boxes in units of g Ca) given by Bauer and Ray. Bauer and Ray used 2. 5 1 of serum 
( = 0. 25 g Ca) as unit for compartment size. 
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The patients are hospitalized during the 12 - 14 d of investigation during 
which time urine and faeces are collected and blood samples are drawn. 

BAUER and RAY [B12] described the kinetics of strontium metabolism (Sr85) 
in man on the basis of an open four-compartment model drained by excretion and 
accretion (Fig. 18). Aubert and Milhaud [ A l ] described a similar model for cal-
cium (Ca45) metabolism (Fig. 19). A comparison between the two models shows 
that the fractional removal rates and the sizes of the different compartments were 
found to be practically identical in the two studies. However, the compartments 
were coupled somewhat differently in the two models. This difference makes it-
self felt only at very early intervals of time after injection (compare Fig. 18 and 
Fig. 20). 

Fig. 19 

Graphs show the four-compartment model for calcium kinetics in man used by MILHAUD and AUBERT [ M3] 
and the specific activities in the different compartments during a 10-d period after single intravenous 

injection of Ca45. The specific activities were calculated by the electronic computer SMIL at the University of 
Lund, using the fractional removal rates of calcium and the sizes of the compartments given by Milhaud and Aubert. 

In the models of Bauer and Ray and Aubert and Milhaud the rates of exchange 
between three of the four compartments were very rapid. Already a few hours 
after injection the specific activities within these compartments were about identi-
cal. This forms the basis for a simplification of the four-compartment model to 
a two-compartment model useful for practical purposes (Fig. 21). The three rapid-
ly exchangeable compartments are lumped to one compartment (S = I + II + III in 
Fig . 21) representing calcium in the body fluids (intravascular, extracellular and 
intracellular). The fourth compartment (E = IV in Fig. 21) represents exchange-
able bone calcium. 
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Fig. 20 

Graphs show a four-compartment model for strontium metabolism in man. The sizes'of the compartments 
and the fractional removal rates are derived from the values given by BAUER and RAY [B12] . This model 

differs from that given in Fig. 18 in that the compartments are coupled according to the model 
given by MILHAUD and AUBERT [ M3] . 
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On the basis of the two-compartment model the body retention (dose minus 
excretion) at two intervals (tj and t2) after injection of tracer can be written : 

Ret = SX s* + E X e* + a \ s*(t)dt (1) t j tj tx 

Ret = S X s* + E X e * + a \ s*(t)dt (2) 
T-2 4 J 

where s"*" and e* are specific activities in compartments S and E, respectively. 
If the fall in concentration of tracer in the serum during the interval t j to t2 

is representative of the fall in concentration of tracer in the entire exchangeable 
calcium pool 

s * / < = s ; / e ; = к (з) 4¡ ti h¡ h 
equations (1) and (2) can be written as follows : 

t i 
Ret^ = s* (S + | ) + a ( s*(t)dt (4) 

t0 

Ret, = s* + a f s*(t)dt. (5) t2 t2 к J 
to 

Combination of equations (4) and (5) gives a solution for a (accretion rate in g 
Ca/d). 

An approximate value of the size of compartment S is reached by division of 
the dose of the tracer by the concentration of the tracer in the serum 1 h after 
injection (S* i h) ; the data of BAUER and RAY [B12] showed that at this interval 
almost complete mixing within the subfractions of compartment S was attained 
and rather small amounts of activity had been removed by accretion and excretion. 
The body distribution of tracer then can be calculated (Fig. 22) and the amount 
of tracer in compartment E can be analysed with regard to the time interval for 
maximal tracer concentration in compartment E. This interval of time equals the 
moment of transient equilibrium ( t e q U ) between compartments S and E (the spe-
cific activity within these compartments are identical). 

By the equation 
tequ 

S + E = (Ret t а Г s * (t)dt ^ / s f (6) 
y Lequ J JI T-equ 

to 
the size of compartment E can be solved. 

By this method the accretion rate in normal adult men has been found to be 
about 0. 5 g Ca/d. This figure is of the same order of magnitude as figures given 
by FROST et al. [F4 ] from studies with tetracycline labelled bone. The size 
of the exchangeable calcium pool (S + E) has been found to be about 4 - 6 g Ca in 
normals. In our laboratories ti and t2 have been chosen as 5 and 10 d after injec-
tion and t eqU has been found to be about 24 h after injection. 

On the basis of the two-compartment model and the method of calculation de-
scribed above externally recorded activity data may be interpreted as shown in 
Fig. 23. With one exception all externally recorded activity curves thus far ana-
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Fig. 22 

Body distribution of Ca47 and specific activities in compartments S and E (s* and e*, respectively, in per cent 
of dose per g Ca) during a 10-d period following intravenous injection to patients with parathyroid adenoma 

(Case 1), nephrolithiasis (Case 2) and osteopenia (Case 3). 
S*, E*, A* and U* + F* indicate amounts of activity in compartments S and E, and removed from these 

compartments by accretion and excretion, respectively. 
Black dots indicate experimentally determined values. Broken lines indicate calculated curves. 
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Fig. 23 

Graphs representing simulation (on the basis of model shown in Fig. 21) of externally recorded activity values 
over the control right tibia and over the Sj - month-old fracture of the left tibia with delayed healing. 

Fractions of the amounts of activity in S, E and A (accretion) in the total body distribution were chosen so 
diat their sum simulated the observed external counting measurements. The ratios of the S, E and A fractions 
in the fracture over those in the intact tibia were 2.4, 3.7 and 9. 2, respectively. The external counting rate 

ratio fracture/control tibia at Day 14 was 8. 0. Note the difference in activity scales in the two graphs. 
The observed activity values are shown as black dots. 



lysed have proved to be amenable for simulation by summing fractions of the acti-
vities in compartments S and E and the amount of activity accreted. One curve 
obtained during a 14-d period over a 10-d -old tibial fracture could not be simu-
lated, probably because of the continuous rise in the accretion rate in the fracture 
region during the period of investigation (Fig. 24). 

Fig. 24 

Graphs representing simulation of externally recorded activity values over intact, left tibia and fractured, 
right tibia. The fracture was 10-d old at the time of the isotope injection. No fit could be found for the 

fracture curve. The ratios of the S, E and A fractions in the fracture and the intact tibia was 1.4, 1.4 and 3. 0, 
respectively. The external counting rate ratio at Day 14 was 4. 8. Note different activity scales in the two graphs. 

The observed activity values are shown as black dots. 

Fig. 25 

Graph shows on a semilogarithmic scale (1) the amounts of activity removed from the exchangeable compartments 
S and E by excretion and accretion, and (2) the specific activities in compartments S and E during a 10-d period 
after injection of Sr85to Case 6. By extrapolation of the curve for accretion plus excretion to time to the amounts 
of "excess" accretion and excretion were calculated. The theoretical mean specific activity of compartments S 

and E (m* = [S * + E*] A s + E]) and the specific activity in compartment S are extrapolated to time to 
(m*0 and s*0, respectively). For further explanations see text. 
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Finally, I should mention two sources of error which are apparent if the 
calculations are based kinetically on a one-compartment model instead of a two-
compartment model: (1) the excess excretion and accretion of tracer during ear-
ly intervals of time after injection when mixing of the tracer is not completed and 
(2) differences in specific activities within the exchangeable compartments. Using 
methods of calculation applicable to one-compartment models these factors may 
lead to overestimation of the size of the exchangeable calcium pool and in some 
methods also of the accretion rate (Fig. 25). 

ANALYSIS OF METHODS FOR INTERPRETATION OF TRACER DATA 
ON BONE 

B.E.C. NORDIN* 

1. In vitro studies with bone-seeking isotopes 

The object of these studies has been to examine the exchange processes in 
bone mineral in circumstances where we can be quite sure that there is no ac-
cretion, in the ordinary sense of the term, going on. We have used a standard 
system, which we have described elsewhere [B17], the essential feature of which 
is that bone slices or bone powder are placed in a cellophane bag with buffer solu-
tion inside and outside the bag and that physico-chemical equilibrium is established 
before any isotope is added to the system. Chemical equilibration takes about 24-
48 h after which, if the pH is held constant, the concentrations of calcium and phos-
phorus in the solution remain steady. Ca47 or Sr85 is then added to the system and 
the specific activity in the fluid outside the bag is measured at various intervals 
thereafter. 
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Fig. 26 

Specific activity of Ca47 and Sr85, as a function of time, in buffer solution of in vitro experiment. 

* Co-author: J. McGregor. 
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There has not proved to be any difference between radiocalcium and radio-
strontium, as shown in Fig. 26. In this experiment a constant amount of fluid was 
discarded each day and replaced with isotope-free buffer, which explains the con-
tinuous fall in specific activity. Bone mineral in vitro does not appear to discrimi-
nate between calcium and strontium. 

Our experiments in which no fluid is discarded have shown that the isotope 
exchanges for several days with the bone mineral before reaching equilibrium 
and that the exchangeable fraction of the bone mineral depends - as one would ex-
pect - upon the size of the bone particles. As shown in Fig. 27 about 10% of the 
calcium in powdered bone is exchangeable and only about 1% of the calcium in a 
thin slice of bone. This latter figure is of the same order as the percentage of 
exchangeable calcium in living human subjects. 

Sr85 

d 
Fig. 27 

Specific activity of Sr85in buffer solution in presence of bone slice and bone powder 

We were particularly anxious to find out whether we could demonstrate a slow 
diffusion or exchange process in relation to bone mineral analogous to the one we 
had postulated in relation to human studies in vivo [N7] . We have conducted some 
experiments in which the constant loss of activity from the exchangeable pool by 
excretion and accretion, which is a feature of in vivo studies, was simulated by 
discarding a constant volume of buffer from the system each day and replacing 
it with isotope-free buffer of the same chemical composition. This produced a 
fall in specific activity which was rather steeper than could be accounted for by 
the discard rate during the first 12 d or so, and rather less steep than could be 
accounted for by the discard rate thereafter. An example of such an experiment 
is shown in Fig. 28 which demonstrates a 'break' in the line at about 13 d analogous 
to the one to which we have drawn attention in in vivo work. This 'break' is ac-
counted for by the reversal of a slow exchange process. On the first part of the 
slope, the fall in specific activity is due to discard and slow exchange, and in the 
second part, it is due to discard less slow exchange. The rather striking feature 
of these experiments is that the slices of bone have about the same exchangeable 
calcium fraction as the living skeleton, and that the 'break' occurs at about the 
same time as it occurs in in vivo studies. This may, of course, be a coincidence. 
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Fig. 28 

Specific activity of Sr85, as a function of time, in buffer solution of in vitro experiment 

We conclude from these in vitro experiments that in addition to the rapidly 
exchanging components there is at least one slowly exchanging component of bone 
mineral which takes up isotope when the specific activity in the fluid is higher than 
that in the exchangeable compartment and gives it up when the gradient is reversed. 

2. Methodology of calcium kinetics in man 

Patients studied : We have studied f ive normal subjects, six cases of spinal osteo-
porosis and four patients on corticosteroid therapy. Al l the patients were on calci-
um balance at the time of study and were given 30 Mc of Sr85 intravenously. Urine 
was collected every 24 h for 3 weeks and the calcium content and activity were 
measured. Blood was collected daily for about 10 d for determination of activity. . 
Biochemical methods : Calcium was measured in blood and urine by titration with 
EDTA in an EEL tritrimeter using ammonium purpurate as the indicator. Urine 
was first passed through an anion exchange column to remove phosphate. 
Counting methods: The activity in plasma was determined on a 5-ml sample in 
a well-type scintillation counter. 

Activity in urine was determined on a 500-ml sample in a large well-type 
scintillation counter. The faeces were homogenized and made up to 500-ml with 
water for counting in the same counter. 
Calculations : Three types of calculations have been applied to these data and 
are referred to as Methods la, lb, Ha, lib, lie, lid, and III. 
Method la. The plasma specific activity (S*) (%dose/mg calcium) from the 2nd 
to the 4th day is extrapolated to zero time and the exchangeable calcium pool in 
mg (Ca e ) calculated as follows : 

C a e = 1 0 0 / S q ' ( ! ) 

The rate of loss of isotope from the pool from the 2nd to the 8th day is cal-
culated from the line of best fit to the specific activity data. This rate, expressed 
as per cent loss per day, we call K j . 

The discrimination factor (D) in favour of strontium excretion by the kidney 
is given by the ratio between the specific activities of plasma and urine at zero 
time. 

Endogenous faecal calcium (Ca e f ) is calculated from the ratio of total faecal 
activity (A^) to urinary specific activity over the full 3 weeks, assuming a two-
fold discrimination against strontium by the gut as follows : 
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Ca e f = A*f X Gau x D (2) 
s- 2 u 

where Cau is the average daily urinary calciuih in mg and A u is the total urinary 
activity over the 3-week period. 

K b , Кц and K e f represent the percentage of the pool lost each day into bone, 
urine and faeces, respectively. When radiocalcium is used the following relation-
ship holds : 

K b = Kjl - (Ku + K e f ) (3) 

However, when strontium is used corrections must be introduced to allow 
for the preferential excretion of strontium by the kidney (D) and by the gut as fol-
lows : 

K b = K i - -[(Кц X .D) + (K e f X 2)] (4) 

Bone formation rate or accretion rate (a) is the product of K b and the ex-
changeable pool as follows : 

a = Ca e X K b . (5) 

Method lb : This is designed to correct for a slow exchange process which is be-
lieved to take about 7-10 d to complete. 

Instead of K j we use a corrected loss rate (K c ) 

where K c = (Kj + K2) /2 (6) 

and K2 is the rate of loss of isotope from the pool'between the 12th and 20th days 
determined from the line of best fit. 

Method II :This is essentially the method of BAUER, CARLSSON and LINDQUIST[B10] 
except that instead of the integrated plasma specific activity we use the cumula-
tive urinary specific activity as follows : 

R t = Cae X S* + a X A* (0-t) /Cau (7) 

where R^ is percentage of dose retained at time t. 
.. If the values in this equation are written at two points in time (the original 

authors choose the 5th and 10th d) the equations can be solved for Cae and a. We 
have calculated values for a at the 5th and 10th," 10th and 15th, 15th and 20th d, 
and (in f ive cases) 20th and 25th d . On the basis of a at 15-20 d, we have then 
solved for 

at 24 h, 5, 10, Д5 and 20 d . W® call these four calculations Meth-
ods lia, b, c, and d respectively. When strontium is used the a values must be 
multiplied by the kidney discrimination factor to yield the accretion rate in mg/d. 
Method III : Re - examination of the specific activity data showed that although it 
is possible to fit straight lines to the data from days 2 to 8 and 12 to 21 when they 
are plotted on semilog paper, yet there is undoubtedly an intermediate period, 
usuaHy between about days 8 to 12, where yet a third line can frequently be fitted 
to the data. If there is in fact a deep pool which takes about 7 d to reach equilibri-
um with the 24-h pool,the extrapolation of this third line to zero time should yield a 
"pool" eqüal to the sum of these spaces. 

In this method, therefore, we have extrapolated the data from days 7 to 14 
il:back tô zero time ; calculated this large "space" in the usual way ; determined 
thë' amount of activity in this space at "day 7 (when there is thought to be equilibri-
um between the two components) from the plasma specific activity and then calcu-
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lated a from the retention at day 7 and the cumulative urinary specific activity 
to day"7. Thus 

R7d = Cae X sïd + a X Au (0-7)/Cau (fy 

where R7 ( j is the percentage of the dose retained after 7 d, Cae is the large space 
and a is the accretion rate which (when strontium is used) must be multiplied by 
D to yield a value in mg/d . 

PARAMETERS OF CALCIUM KINETICS IN MAN 

G. MILHAUD* 

Our method for measuring the principal parameters of calcium kinetics in man 
is based on the following techniques and theory [A l ] : 

1. Intravenous injection of Ca45in a negligible amount of СаС1г; 
2. Determination of the specific activity oí the serum and urine, and of the 

amount of calcium in urine and stool ; 
3. The decay curve of the specific radioactivity in the serum (Rs) is then 

decomposed graphically in four exponentials for each patient and the fol-
lowing equation is obtained 

R g = A j exp(-ajt) + A2 exp(-a2t) + A3exp(-a3t) + A4exp(-a4t) 

where Ax, A2) A3, A4, a b a2, a3, a4 are positive numbers varying in each 
case. 

We have found that the exponents a2, а г ад, a4 differ from each other by a 
factor of about 10 ; due to this fact the decomposition in the four exponentials is 
usually easy. We use this equation to calculate the following parameters of the 
models shown in Figs. 29 and 30 : 

CALCIUM INGESTED 

INTESTINE 

EXCHANGEABLE POOL 
P 

Vu. 

URINE V 

Vf 

v¡-v. 

V.-

i F 
FAECES 

A 

Fig. 29 Fig. 30 

Schematic representation of calcium kinetics in man The compartments of the exchangeable calcium pool 

a. The rate (g/d) of intestinal absorption (Va) of calcium present in food (Vi) ; 
b. The rate of excretion of endogenous calcium by the intestinal tract (Vf) as 

distinguished from unabsorbed calcium ; 
c. The rate of the physiological renewal processes of the skeleton through 

resorption (Vo_) and accretion (Vo+) ; 
d. The amount of readily exchangeable calcium which is the calcium pool (P) 

of the organism. This pool consists of three portions which can be identi-

* Co-author : J.P. Aubèrt. s 
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fied as clearly defined physiological entities each having a different velo-
city constant of exchange with serum calcium ; 
The quantity of bone calcium undergoing recrystallisation ; 
The rates of exchange of serum calcium with these three different por-
tions of the pool (Fig. 30) which as a f irst approximation can be identified 
thus : 

Mi = extra-cellular fluid calcium 
M2 = exchangeable soft tissue calcium 
M3 = exchangeable bone calcium 

For the normal subject, the following values have been obtained : 

Age 22 yr 
Size 1.65 m 
Weight 69 kg 
Blood volume 4.76 1 
Plasma volume 2. 33 1 
Calcium in 
serum (=M) 103 mg/l 

Exchangeable calcium pool 

M 0.24 g 
M i 0. 96 g 
M 2 l . H g 
M 3 4.00 g 

Total pool P 6.31 g 

Rates of exchange 

Vl 131 g Ca/d 
V2 12. 1 g Ca/d 
V3 2. 6 g Ca/d 

Rate constants 

K i 136 units/d, the unit being pool sizes 
of Mi, M2 and M3 in g Ca. 

K 2 10.8 
K 3 0.65 

Intestinal absorption 

Ingested Ca (Vi) 0. 85 g Ca/d 
Stool Ca (F) 0. 58 g Ca/d 
Absorbed Ca (Va) 0. 42 g Ca/d 
Balance 0 
% absorption of ingested Ca 50% 
Urinary excretion (Vu) 0. 27 g Ca/d 
Intestinal excretion (Vf) 0.15 g Ca/d 
Bone accretion Vo + 0. 83 g Ca/d 
Bone resorption Vo_ 0. 83 g Ca/d 



THE RATE OF CALCIUM TURNOVER IN BONE 

K. NORTH* 

1. Introduction 

Previous studies using stable strontium as a tracer [F2] indicated that after 
injection there was an early mixing phase, following which the concentration of 
tracer in the plasma fe l l exponentially. It was, however, not possible to follow 
the process beyond six days because of the difficulty of measuring stable stronti-
um at low concentrations. In some of the cases there was a hint that the clear-
ance of tracer from the plasma did not fit a single exponential, but the period of 
observation was too brief to be sure. We have attempted to prolong this period 
of observation up to two weeks using Ca47. 

2. Methods 

Human subjects were maintained on a standard high calcium intake (2 meq/ 
kg-d) for several days before and throughout the test. 

A tracer dose of approximately 20juc of Ca47 was injected in each case, the 
exact dose being arrived at by estimating the residual radioactivity in the syringe 
and bottle in terms of a standard. Immediately after the injection, and thereafter 
at daily intervals, total body radioactivity was measured by whole body counting! 
The concentration of Ca47 in the plasma and the excretion of Ca47 was also esti-
mated daily, the faeces being assayed in three-day-pools. The only modification 
to the method previously described in the oral test was in the estimation of radio-
activity in the urine where it was necessary to concentrate the samples in order 
to obtain accurate measurements. This was done by passing a 2-h aliquot of the 
24-h urine through a resin column containing 2 g of sodium Zeo Carb 225, care 
being taken that the period of passage was at least 5 h. The resin was then trans-
ferred to a sample tube and assayed in the well scintillation counter in terms of 
a standard. 

The serum concentration (% dose/l) and urinary excretion (% dose/24 h)were 
plotted against time on semilogarithmic paper. From days 2 to 7 these plots l ie 
approximately on a straight line. The best line was drawn and extrapolated back 
to the ordinate at t = o. The effective dose, that is the dose at t = о assuming in-
stantaneous mixing in the exchangeable pool, was arrived at by subtracting from 
the dose the excessive losses which occur in the urine and faeces during the first 
24 h. The excess loss in the urine was obtained by subtracting from the actual 
excretion the amount which would have been excreted had mixing been instanta-
neous (indicated by the line described above). In the example in Fig. 31 this dif-
ference is 5%. The excessive faecal loss was derived from this figure using the 
factor "faecal excretion during X days/urine excretion during X - l days." 

The simplified kinetic model assumed has been that there is a single homo-
geneous "exchangeable Ca pool, " from which Ca may be lost (with no return flow) 
into the three compartments urine, faeces, and bone. The corresponding rate 
constants are Ku , Kf, and K ,̂ % loss of Ca from exchangeable pool per day. The 
total rate constant is a = K u + Kf + K^, and the Ca47 activity in the exchangeable 
pool declines exponentially according to the equation A^ = A Q e " a t . 

The method of calculation may be exemplified by using the data of case L . W . 
of Fig. 31: 

* Co-authors : E.H. Belcher, R. Fraser. 
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LW. ? 53y 160kg | IDIOPATHIC OSTEOPOROSIS 

Fig. 31 

The observed data in a patient with idiopathic osteoporosis who received an intravenous dose of Ca47. The plasma 
concentration, urinary excretion and whole-body radioactivity are plotted against time, zero time being the 

moment of injection. 

Effective dose = 100 - (5 + 5 X 8/27) = 100 - 6. 5 = 93. 5% actual dose. 
The exchangeable pool A is given by the expression A = effective dose/serum 

concentration at t = o, i. e. 93. 5/2.5 = 37. 5 1. The rate of deposition into bone 
K b can also be obtained. The % rate of loss/day from A = 0. 693/U = 0. 693/4. 2 
= 16 . 5% of A . This is made up of K u + Kf + K fa. Now = 6.4/95 X 100 = 6. 7%, 
K f = K U X 8/27 = 2.0%. Therefore K b = 16.5 - (6.7 + 2.0) = 7.8% of A per day. 

3. Results 

Nine subjects have been tested so far, and the results all show some tendency 
to deviate from those which would be predicted from the simple kinetic system 
assumed. Two extreme examples are quoted. In the case of L . W . (Fig. 31) this 
deviation is mininal. It will be seen that the serum and urine values when plotted 
semi-logarithmically against time decline very nearly along a straight line. There 
is consequently no difficulty in drawing this line, and hence in calculating the ex-
changeable calcium pool and the rate of deposition of tracer in deep bone. In Fig. 32 
the cumulative content of tracer in the deep bone is plotted against time. This func-
tion is arrived at by subtracting from the dose (a) the amount of tracer which has 
been lost, up to the time in question, in urine and faeces, and (b) the amount which 
is present at that time in the exchangeable pool. It is evident that as the amount 
of tracer falls in the exchangeable pool the cumulative content in the deep bone 
rises to approach the whole-body radioactivity. From the data for cumulative bone 
radioactivity the daily uptake of tracer into bone can be calculated. This is shown 
in Fig. 32, where it will be seen that at least during the f irst six days it falls ex-
ponentially parallel to the serum concentration and daily urine excretion. There-
after it seems to decline more rapidly, but the experimental error in the measure-
ments of the later values prevents accurate deductions from the data. 

64 



L.W. 

Fig. 32 

The derived data of cumulative deep bone content and daily deep-bone uptake, from the case in Fig. 31, 
are plotted against time. The dotted lines represent the curves of Fig. 31.The content of Ca47 in the exchangeable 

pool at time t is obtained by multiplying the Ca47 in the exchangeable pool at t = о by the factor "(Ca47concentration 
in the plasma at time t)/(Ca47 concentration in the plasma at t = o) ". The daily deep-bone uptake is obtained 

by subtracting the cumulative deep-bone content on one day from that on the following day. 

No such ambiguity exists in the case of L . McG. (Fig. 33) who had osteopo-
rosis following thyrotoxicosis. At the time of the test she was euthyroid. The curve 
of daily urine excretion against time, instead of pursuing a constant gradient, be-
comes progressively less steep. The derived curve for the rate of deep bone up-
take (Fig. 34) at first parallels the daily urinary excretion, but subsequently falls 
more quickly. These findings suggest some recycling of tracer back into the ex-
changeable pool from the deep bone where it had initially been deposited. More 
accurate observations are necessary before it will be possible to estimate the sec-
ond exponential process which this recycling introduces. 

LMcG. 9 TSy ( 31 kg ) 

OSTEOPOROSIS FOLLOWING THYROTOXICOSIS 

Fig. 33 

As in Fig. 31, but the case on whom this data was obtained had recently been thyrotoxic. 
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4. Conclusions 

(1) Analysis of these curves by the conventional simple analytical scheme 
is probably adequate for practical purposes, but is clearly an approxima-
tion. 

(2) The net rate of deposition of Ca47 into deep bone does not strictly parallel 
its concentration in the exchangeable pool, but differs from this to a greater 
or lesser extent, probably according to the readiness with which previous-
ly deposited tracer is released from the bone. 

OBSERVATIONS ON THE INTERPRETATION OF BLOOD 
ACTIVITY CURVES 

B. WALDESKOG * 

Dr. Fraser showed a slide (Fig. 34) in which the curve for the calculated 
amount of tracer accreted crossed the curve for observed retention of tracer in 
the body. This paradox can be explained as follows. I will use the same symbols 
as did Wendeberg in his presentation. 

L.McG. 

Fig. 34 

The derived data from Fig. 33 (cf. Fig. 32). 

A* (amount of tracer accreted) is accretion rate times intergrated specific 
serum activity. 

S* (amount of tracer in compartment S) is the size of compartment S times 
the specific activity in compartment S (s*). 

E* (amount of tracer in compartment E) is the size of compartment E times 
the specific activity in compartment E (e*). 

One of the assumptions made by Wendeberg is that the accretion process is 
an irreversible loss of calcium or strontium from exchangeable compartments to 
the non exchangeable fraction of the bone material. Another is that there is a con-
stant ratio between e* and s* in the time interval;'5-ДО d after the injection. These 
assumptions seem to be well verif ied and I have used the same calculation method 
for determining a, E and S. If the serum activity is now measured for a longer 
time than 10 d and calculations are made with the above assumptions, it will be 

* Co-author : I. Gynning. 
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Fig. 35 

Specific activity in various compartments as a function of time after injection of isotope 

found that there will no longer be a constant ratio between e* and s* and that the 
A* curve crosses the Retention curve. This can probably be explained as a"feed-
back" process to the E and S compartments. I have therefore assumed as a f irst 
approximation that the ratio e * to s* is a constant equal to the mean value from 
5 to 10 d after injection* the dotted line in Fig. 35. By using this assumption the 
three parameters Retention, S* and E* are known and from the equation 

Ret = S* + E* + (A* - C*) 

one can calculate (A* - C*), the dotted line in Fig. 36,- where A* is the amount of 
tracer accreted and C* is a term called here "feed-back". C* can then be calcu-
lated because A* is known. From our few measurements I have found that С * must 
be a function of at least two parameters A* and the time (t), C* = F (A*, t), and that 
C* can be of the magnitude of 1%/d of A* 10-14 d after injection. 

Fig. 36 

Percent of injected dose in various compartments as a function of time after injection 
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CALCIUM KINETICS IN PATIENTS WITH BONE TUMOURS 

W.K. JASINSKI* 

The graphical analysis of the blood plasma activity curve reveals f ive com-
ponents of the multiexponential curve. This type of analysis has been used as the 
basis for the construction of the models for elemental turn-over. The equation of 
the curve for one particular patient from the control group is as follows : 

A = 80. 8e~28,4t +7.0e-1'4t+4.5e-0-46t+4.2e;0-077t+3.5e-°-0066t 

We tried to estimate the approximate error in the determinations of " A " and 
"k" factors of the particular components. We think that the error in the estima-
tion of the A factor of the first component may be 25%, and of the к factor even 
much larger. 

The values obtained from the graphical analysis of these curves can be used 
for further calculations and eventually for the construction of the model of С a47 

turn-over. Fig. 37 represents the calculation model : it is assumed that the plas-
ma compartment occupies the frontal position with the excretion branches (intes-
tines and faeces ; kidneys and urine) ; the accretion process has the last position 
in this chain of equilibrations but does not represent a true compartment. 

Fig. 37 

Ca47 turn-over model for calculating the activity changes in the compartments 

It was assumed, for the purpose of calculations, that the equilibration be-
tween separate compartments takes place successively - at f irst between the intra-
vascular fluid and compartment No.I , then between the plasma ± compartment 
No. I and compartment No. II,and so on. In this way the process of equilibration 
can be divided into separate phases; it was assumed that during every phasethe 
equilibration between further compartments is negligible. 

There is no prejudgement about the form of the model of Ca47 turn-over ; the 
calculation mentioned before can be used when the assumption of successive equi-
libration is justified. 

Some compartments are labelled by volume values expressed in l i tres; the 
basic value for this calculation was the plasma volume of this particular patient. 

* Co-authors : J. Tolwinski, J. Szymendera, J. Malinowska, Z. Malinowski, J. Nowosielîki, J. Makólska, 
B.Gwiazdowska. 
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The figures within the compartments thus indicate their volume in relation to the 
plasma volume determined experimentally. 

It seems that this analysis, however inaccurate it may be, can provide use-
ful quantitative data. However, we do not think that this kind of analysis can be 
used for more detailed quantitative determinations of more complicated models. 

Up to the time of preparation of this paper we examined f ive pathological cases 
according to the above method and had the possibility to compare the results with 
corresponding results for six controls. The tumours examined were extensive 
destructions of the bones by invasion of primaries of adjacent soft tissues and 
myelomatous destructions of the bones. 

The specific activity of the blood plasma has been found to be essentially the 
same for both normal and pathological groups. It can be concluded therefore that 
in these two groups of patients activities of the blood plasma were the same in 
spite of the clinically extensive osteolytic processes in the experimental group 
of patients. This possibility has been suggested by GREENBERG et al. [G2] . 

TABLE XVI 

AVERAGE VALUES OF EXCHANGEABLE Ca AND 
Ca ACCRETION RATE IN GROUP OF 50 CASES 

Group of patients Exchangeable 
Cafe) 

Ca accretion 
(mg/d) 

All cases 5.8 380 

Controls 6. 1 360 

Pathology 5. 5 390 

Table XVI shows the average values of the exchangeable pool of calcium and 
of bone calcium accretion in 50 patients studied in our laboratory according to 
BAUER'S method [В6]. These values are in agreement with the data published 
elsewhere [G2] but the differences between control and experimental groups are 
insignificant. It can be concluded, therefore, that this method of examination was 
not sensitive enough, at least in our hands, to show the different quantitative turn-
over of Ca47 between two particular groups of patients presented in this paper. 

Fig. 38 shows the average curve of the plasma activity of all our patients, to-
gether with its component parts representing loss to the various compartments 
of Fig. 37. The problem of reappearance of the radioactive calcium in blood plas-
ma after a time spent in the bone may be mentioned in connection with this picture. 
This problem has been considered before in a few papers [B7, H2, F3] .It seems 
possible that a percentage of the radioactive material injected into the blood may 
be trapped in the skeleton for a period of time. If this time is longer than the pe-
riod required for the equilibration of Ca47 between the plasma and other compart-
ments, the isotope will eventually disturb this equilibrium and this will be mani-
fested by the increase of the blood activity. 

It was observed that approximately on the sixth or seventh day after injection 
of Ca47 the plasma activity curve tends in almost every case to deflect upward. 
However, due to the low activity of the blood at this time the differences were not 
significant. We decided therefore to inject our patients with divided doses of the 
isotope, expecting to obtain a clearer picture. Fig. 39 shows the blood-activity 
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t Ch) 

Fig. 38 

Average curve of the blood-plasma activity for all examined patients. 

t Cd) 
Fig. 39 

Individual blood-plasma activity curves after fractionated injections of Ca47 

curves of two normal patients compared with the case of malignant osteoma. Al l 
three patients received injections under exactly the same conditions. 

The exponential fal l of plasma activity has been observed in every case after 
the last injection. In f ive out of seven cases examined we observed a clear upward 
deflection of the plasma-activity curve appearing on day 9-14 after the first dose. 
It seems also interesting that the activity of the blood is at all times higher inthe 
controls, i . e . normal cases, in comparison with pathological cases. After a single 
injection we were unable to show in our material any significant differences be-
tween the average levels of activity in a control and experimental group of patients. 
It may be concluded, therefore, that .in the types of bone malignancies comparable 
with our clinical material the method of fractionated injections is more sensitive 
in revealing the influence of the accumulation of calcium by the tumour on the plas-
ma activity than the single injection method. However, no cases were studied by 
both simple and multiple injection methods for direct comparison. 

COMPARISON OF CALCIUM KINETICS AND SKELETAL MORPHOLOGY 

G.C.H. BAUER 

On the evidence of in vitro studies it was once thought that results of studies 
with labelled calcium or phosphorus in vivo could largely be explained on the basis 
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of reversible exchange reactions. Mathematical analysis showed, however, that 
postulation of irreversible processes was needed for an adequate explanation of 
certain long term tracer studies. It was assumed that these processes occur along 
with formation and destruction of bone tissue. To date all morphologic evidence 
agrees with this assumption as will be briefly reviewed below. 

1. It is known that the rodent tooth forms at the base and is worn off by at-
trition at the tip. Morphologic evidence shows that the l i fe span of the tooth in 
rats is about 45 d .. Following parenteral administration of labelled Ca, this tracer 
accumulates in the tooth. At about 45 d following injection it is rapidly lost from 
the tooth. 

2. It can easily be calculated - by dividing the ash weight of the tooth by the 
l i fe span of the tooth - that the rate of formation of the tooth corresponds to about 
0.08 mg Ca/h. In these same rats the accretion rate of the tooth - as calculated 
from the amount of tracer in the blood and in the tooth - was found to be about 
0.08 mg Ca/h. 

3. In these same adult rats the Ca* content of the shafts of the long bones 
was found to stay high or even increase long after Ca* had been removed from 
the teeth by attrition. Morphological evidence shows that in adult rats the l i fe 
span of bone-tissue in the shafts on the long bones is at least many months. 

4. In the growing ends of the long bones, however, the minimum li fe span 
of bone tissue is measured in hours or days rather than in months. In contrast 
to that in the shafts, the Ca* content of the ends was found to drop already one 
or two days following injection of tracer. 

5. Haversian remodelling of diaphyseal bone in humans or dogs is particu-
larly well demonstrated in the autoradiograph following administration of Ca45-
(This technique naturally is best suited for studies of individual osteons. Follow-
ing administration of Ca4 7or Sr85 external counting permits measurements of the 
total tracer content of a large number of osteons. ) It is important to note that tracer 
incorporated in osteons apparently is not translocated until the osteon ultimately 
is reached by resorption. The mean l i fe span of the osteons is measured in years. 
This explains why the tracer content of the shaft bone stays high for years follow-
ing a single injection of tracer. The minimum li fe span of the osteons, however, 
may be surprisingly short because Haversian tunnelling of the bone does not re-
spect boundaries between osteons. This means that at least part of the circum-
ference of an osteon may be reached by resorption within days of its formation. 
Naturally this cannot happen often but it seems hard to escape the fact that such 
a mechanism does exist. 

6. Unfortunately the geographical orientation of cancellous bone is such that 
thus far nobody has been able to produce as accurate a map for its remodelling 
as has long existed for cortical bone. Judging from the abundance of osteoblasts 
and osteoclasts, however, the rate of remodelling of cancellous bone is definitely 
higher than that of cortical bone. This again agrees with tracer data. 

As the mean l i fe span of cancellous bone is shorter than that of cortical bone 
it is probable that more cancellous bone has a minimum li fe span than has cortical 
bone. On this point morphology seems to of fer only insufficient information. 

7. Tracer studies show that the accretion rate in and around bone lesions 
caused by fracture, tumour and infection is several-fold that in normal bone. This 
apparently is also parallelled by an abundance of osteoblasts in and around such 
lesions (cf. discussion remark by Sissons in this Report). 
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We have discussed why the exponential drop in blood concentration of Ca* or 
Sr* is broken in normal human subjects at about Day 10 following intravenous in-
jection of these tracers. Heaney believes that this break is caused by return to 
the circulation of tracer due to resorption of bone which was formed shortly after 
injection of tracer. Nordin believes this break is caused-by return to the circula-
tion of tracer due to a slowly exchanging mineral fraction having reached a higher 
concentration of tracer than that of the blood calcium. At present little direct evi-
dence supports either view. It seems somewhat unnecessary, however, to invoke 
a hypothetical exchangeable fraction of the skeletal mineral when morphological 
evidence clearly supports the idea that the minimum li fe span of the bone tissue 
- and hence mineral - may be short enough to explain the observed tracer data. 
Future tracer experiments will probably solve this issue. 

Conclusion 

It should be emphasized that the fact that current interpretations of tracer 
data do not conflict with observations on bone morphology should not be constructed 
to mean that such observations form the basis of tracer data interpretation. Rather, 
as exemplified in this Report by Wendeberg in his model analyses, interpretation 
of tracer data rests on a mathematical basis I will be pleased to admit, however, 
that it is good to know from morphological evidence that this basis is sound! 
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IV. K I N E T I C S T U D I E S - R E S U L T S 

ACCRETION AND EXCRETORY CLEARANCE RATES AND 
EXCHANGEABLE SPACES MEASURED IN MAN WITH Са*7 AND 

S r 8 5 UNDER NORMAL AND PATHOLOGICAL CONDITIONS 

J.F. DYMLING 

Calcium kinetics have been studied in our laboratory in 175 patients with vario 
diseases [W 1] . Fig.40 shows accretion rates plotted in groups, according to 
clinical picture. Only people over 20 years of age are included in this plot. 
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Fig. 40 

Accretion rates observed in various clinical conditions 

1. Normals 

The difficulty in obtaining enough data on normal people for these time-con-
suming studies is obvious. We have therefore included in this group some patients 
with nephrolithiasis, and some patients with traumatic fractures after adequate 
traumas. If the local uptake over the fracture, determined by external counting, 
might have enhanced the overall accretion rate by more than 3%, such patients 
were rejected. In the cases of nephrolithiasis there were no radiological signs 
of skeletal disease, and no clinical signs of hyperparathyroidism. With these 
limiting factors the mean value for the accretion rate in this group was 0.47 g • 
Ca/d. The standard error of the mean was 0. 03. 

2. Osteopenia (Albright: "too little calcified bone") 

a. Idiopathic osteopenia 

In these cases the absolute accretion rates were lower than those in Group 1. 
The mean value was 0. 33 g Ca/d with a standard error of 0. 02. The dif-
ference between the two groups is highly significant (p< 0.001). This does 
not necessarily mean impaired accretion, since the accretion rate should 
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be related to skeletal mass. Unfortunately there is at the moment no way 
of assessing skeletal mass, but as a very rough estimation the difference 
between the two groups can be explained by a reduction of skeletal mass 
by 30%. This seems to be a reasonable figure, since losses of skeletal 
mass of less than 30% are not easily detectable by X-ray. We would thus 
believe the results to be best interpreted as normal accretion rates if 
correlated to skeletal mass. However, a few values are so low, that they 
must mean decreased accretion, even with the above correlation made. 

Accretion rates are expressed throughout in grams of calcium per day. 
There has thus been made no allowance for body weight for the simple reason 
that there is no known correlation between body weight and skeletal mass. 
It is of course very likely that such a correlation exists in normal people, 
but when skeletal mass is reduced this correlation is lost. This is supported 
by the fact that there was no tendency to weight loss among our osteopenic 
patients. 

b. Rheumatic osteopenia 

These cases have been grouped separately since a different etiology has 
been postulated. Three of them were on steroids. The mean accretion rate 
was 0. 37 ± 0. 04 g Ca/d, not significantly different from Group 2a, but 
still significantly lower than Group 1 (0.01 < p <0.05). From the kinetic 
point of view there does not seem to be any principal dissimilarity between 
rheumatic and idiopathic osteopenia. 

c. Osteopenia post gastric resection 

Osteopenia often develops several years after gastric resection. Four-
teen such cases have been studied. Rather surprisingly we found a mean 
accretion rate of 0.53 g Ca/d, which-is not significantly different from 
Group 1. This obviously means increased accretion, since the skeletal 
mass is reduced. 

d. Osteogenesis imperfecta 

Only two cases have been studied, a severely debilitated 28-year-old 
woman with an accretion rate of 0.24 g Ca/d, and a 19-year-old girl with 
an accretion rate of 0.29 g Ca/d. In the last case, however, the diagnosis 
was rather doubtful. 

3. Steatorrhea • - . 

In steatorrhea the most striking finding is the high endogenous faecal excretion. 
This seems to be a common finding in diseases of the small intestine. (So far we 
have seen only one exceptionto this - a boy with terminal ileitis in the very last part 
of the ileum. ) The f values were 2. 2, 4. 6, 5. 1, 6. 5, 7. 7 and 10.4 1 of plasma 
cleared from strontium per day, as compared to our normal mean of 2. 3 ± 0.1 1. 
In some patients there was radiological evidence of osteomalacia. Accretion rates 
in these cases are plotted in Fig . 40. The accretion rate tended to be low before 
and high after treatment with vitamin D. The woman with an accretion rate of 
2.34 g Ca/d during treatment with vitamin D was referred to hospital because 
of tetany, and had a very severe osteomalacia. These results are strikingly dif-
ferent f rom those of FRASER who claimed high accretion rates in osteomalacia 
[ F 2] . One reason for this difference is that Fraser did not take into account 
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faecal loss, another is implied in his calculations. Our data calculated in Fraser 's 
way gave the same results as he got. 

4. Renal tubular defects 

Only one case has been studied. Clinically he showed renal glycosuria and 
phosphaturia. During treatment with vitamin D and sodium-phosphate he improved 
rapidly. Data are shown in Table XVII . 

TABLE XVII 

a (g Ca/d) S (g Ca) E (g Ca) Ca/u (mg/d) P/u (mg/d) 

December 1960 0.41 2.4 2.7 111 90 

July 1961 0. 67 3.2 3. 1 348 99 

5. Hepatic cirrhosis 

Patients with hepatic cirrhosis invariably develop osteopenia, provided they 
live long enough. The cases plotted in Fig. 40 show a trend toward low accretion 
rates with a mean of 0. 34 g Ca/d. Some of these patients had osteopenia, others 
had no radiological signs of reduced skeletal mass. 

6. Endoc rinopathie s 

a. Parathyroid disease 

In cases with proved parathyroid adenoma we have, with one exception, 
found increased accretion rates regardless of the radiological state of the 
skeleton. However the highest value, 2.00 g Ca/d, was found in a case 
of osteitis fibrosa generalisata. Accretion rates were invariably lower 
following removal of the adenoma. 

b. Other 

A very tall and heavy woman with acromegaly and radiological signs 
of osteopenia was found to have an accretion rate of 0. 54 g Ca/d. A 53-
year-old woman with Cushing's disease and showing radiological signs 
of osteopenia, had an accretion rate of 0. 18 g Ca/d. A 36-year-old woman 
on long-term treatment with prednison and radiologic ally normal skeleton 
had on two occasions accretion rates as low as 0. 22 and 0. 21 g Ca/d. 
Thyrotoxicosis with generalized osteopenia in two cases showed high ac-
cretion rates, 0.82 and 0.83 g Ca/d, respectively. Untreated myxedema 
on the other hand demonstrated a remarkably low accretion rate, 0.15 g 
Ca/d. Two men, 37 and 40 years old, suffering from hypogonadism and 
osteopenia had increased accretion rates, 0. 57 and 0. 67 g Ca/d. 

7. Paget's disease 

In Paget's disease we have found high accretion rates, which however vary 
with the extent of pagetic bone. In a case of widespread Paget, the accretion rate 
was 1. 75 g Ca/d. 
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8. Osteosclerosis 

We have seen identical twins with a presumably inheritable bone disease 
characterized by increased radiological density and several specific malformations. 
As far as we can understand they cannot be headed under any of the known syndromes. 
Y/ith regard to their age and increased bone mass their accretion rates were not 
high, perhaps even low, 0. 60 and 0. 61 g Ca/d respectively. On the other hand we 
found a very high accretion rate, 2. 07 g Ca/d, in a case of myelofibrotic anaemia. 

9. Bone tumours 

a. Myeloma 

Two cases have been studied. In both cases accretion rates were about 
normal, 0.49 and 0. 39 g Ca/d. This corresponds to the finding of normal 
uptake on external counting. 

b. Other 

Al l other forms of bone tumours studied had increased accretion rates. 
The very highest value was found in an old mail with widespread metastases 
from a prostatic carcinoma, 6. 34 g Ca/d. 

A number of kinetic studies have been made, in which the patient served 
as his own control. Thus an elderly woman with severe osteopenia was 
treated with albumin intravenously in very high dosage. Her kinetic pattern 
changed considerably, but in spite of the increased body retention, her 
accretion rate did not change (Table XVIII). 

TABLE XVIII 

a (g Ca/d) S (g Ca) E (g Ca) Ret. 5 d Ret. 10 d 

August 1958 0.30 2.0 1.4 66. 9% 58. 0% 

November 1958 0. 27 1.7 1.1 81.2% 73. 5% 

A series of cases of idiopathic osteopenia have been investigated be-
fore and during treatment with Durabolin © . This work is still in prog-
ress, but the first ten cases are presented in Fig. 41. 

Fig. 41 

Accretion rate as affected by Durabolin treatment 
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SUMMARY OF RESULTS FROM CLINICAL STUDIES 
WITH RADIOCALCIUM 

R.P. HEANEY 

1. Disuse osteoporosis (poliomyelitis) is associated with elevated rates of 
bone formation and even more elevated bone resorption (Fig. 42). This means, 
parenthetically, that removal of mechanical stress and strain is not associated 
with decreased bone forming activity, as has been very commonly assumed. 

DISUSE OSTEOPOROSIS 

BALANCES: ACUTE - 0.392 ( i 0.063) 

NORMAL - 0.005 С i 0.060) 

CHRONIC + 0.022 ( Í 0.005) 

•0.8 

•0.7 

•0.6 
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•04 
-03 
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-0.1 
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Fig. 42 

Ca balance and kinetic data in 10 patients with disuse osteoporosis (poliomyelitis). The bars represent mean 
values plus or minus one standard deviation. A = acute; N = normal; С = chronic. 

Although contrary to commonly accepted concepts, this observation in quadriplegic 
polio patients is in accord with observations by BAUER [B 2] and BAUER and 
CARLSSON [B 5] in the osteoporosis following fracture, and by SLACK [S 2] with 
respect to soft tissue metabolism following denervation. 

2. The pool specific activity curves in postmenopausal osteoporosis are 
indistinguishable from those of normal subjects, and calculated bone formation 
values are correspondingly normal (see Fig. 43). There are undoubted differences 
in pool kinetics between normal and osteoporotic individuals (see RICH, [R 1] for 
example), and disagreement between investigators with respect to normal and 
osteoporotic bone formation values probably relates primarily to differences in 
treatment of the data (portion of curve employed, etc. ). 

3. Kinetic and balance studies support the initial suggestion made by ourselves 
and others [N 4] that negative calcium balance may very commonly be the cause 
rather than the result of postmenopausal osteoporosis. 

4. Studies with estrogens and androgen analogues indicate that the positive 
balance effect produced by these agents is not an anabolic one, but is actually 
anticatabolic (anti-resorptive). This is most convincingly demonstrated by the 

8П 
7-

& 

4-

i 
2: 

POOL 

(g Ca/m2) 

if] 

0.8-1 
0 7 

0.6 

0.5 

0 4 H 

0 3 

02 

o i 

BONE BONE 

TURNOVER FORMATION RESORPTION 

( g C a / m ' / d ) (g Ca/m2/d) ( g C a / m 4 / d ) 

i f l lb 

-.77 



1.0 

OSTEOPOROSIS 
(POSTMENOPAUSAL a SENILE) 

1 
Ü о >° 
I-
<-o.H О Ш 
¡7 U> 

28 fcg 
i t ô « _l <r 
< U. о 
- J о о 
a. 

H 
ШФ'//' 

o.oi -
50 100 150 2 0 0 

TIME ( h ) 
2 5 0 300 350 

Fig. 43 

Composite curve of pool calcium specific activity in normal subjects (hatched area) and 12 patients with 
postmenopausal and senile osteoporosis (mean ± one standard deviation). 

regular observation that the balance shift is associated with both a decrease in 
pool turnover and an increase in dietary calcium absorption. Resorption must 
therefore be decreased even further than is total pool turnover. Again, this 
observation, though contrary to usual concepts, is consistent with animal studies 
of LINDQUIST et al. [L 3] . 

OBSERVATIONS ON CALCIUM KINETICS IN OSTEOPOROSIS AND IN 
STEROID-TREATED SUBJECTS 

B.E.C. NORDIN* 

The values obtained in the three diagnostic groups by our methods described 
earlier in this Report are shown in Tables XIX and XX and in Fig. 44. 

1. Exchangeable pools 

The size of the exchangeable pools given in Table XIX did not dif fer appreciably 
in the different groups. Exchangeable pools calculated by Method I were significant-
ly related to body weight (p < 0.05). The 24-h Ca e value calculated by Method II 
was not related to body weight. The pools ranged from 4.0 to 6. 8 g or 50 to 125 
mg/kg body weight. The Method II Cae values ranged from about 4 g at 24 h to 
about 10 g at 10 to 15 d and then appeared to contract slightly. The size of the 
exchangeable pool and the deeper exchangeable space calculated by Method III 
ranged from 134 to 390 mg/kg with a mean value of 220 mg/kg (14. 1 g). 

* Co-author: J. McGregor. 
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TABLE XXVII (cont'd) 

Cae VALUES (mg/kg) 

CASE METHOD I 
METHOD II 

METHOD III CASE METHOD I 
24-h 5-d 10-d 15-d 20-d 25-d 

METHOD III 

3 92 85 92 130 148 154 144 256 

19 63 93 190 225 200 97 - 275 
E 
о 
Z 

20 

21 

81 

82 

93 

97 

176 

140 

280 

212 

257 

288 

244 

295 

- 355 

193 

22 58 44 120 120 132 127 - 142 

5 54 79 130 219 262 264 260 134 

СЛ 
• гН 

6 92 90 197 228 240 235 262 240 
О f-í 
О 
CL 
О V 

15 

18 

62 

125 

54 

155 

75 

217 

78 

235 

77 

220 

82 

200 

134 

268 
о 23 100 69 127 120 120 130 - 160 

1 . 86 85 115 152 180 178 181 155 

11 71 79 87 125 142 158 160 155 
сл -о 

•I-I 
о 

14 50 32 97 135 118 110 - 150 
1-1 
Й 
со 

24 92 128 225 330 345 345 - 300 

4 87 85 92 130 148 154 144 390 

Mean 79 82 137 180 196 185 220 

"(g) .4.8 5.0 8.4 11. 0 12. 0 11.2 14.1 

2. Accretion rates 

There was no difference between the accretion rates in the three diagnostic 
groups calculated by any method except Method la which yielded accretion rates 
in osteoporosis and steroid-cases that tended to be lower than in the normal subjects. 

The accretion rates calculated by Methods la and lb are shown in Table XX. 
The mean value calculated by Method la was 490 mg/d or 8. 0 mg/kg/d and 
the mean value by Method lb was 165 mg/d or 2. 7 mg/kg/d. 

The accretion rates calculated by Method II are also shown in Table XX. The 
mean value at 10 and 15 d was 8.4 mg/kg/d and this fe l l to 7. 1 mg/kg/d at 15- and 
20 d. There are f ive values at 20 and 25 d and these are no lower than the 15 and 
20-d values. 

Method III yielded values intermediate between Method lb (the lowest values) 
and Method l ie. 

The data are generally compatible with the concept that Method la over estimates 
bone formation rate and Method lb probably underestimates it, but that neither is 
very good; that Method II is a slight overestimate because of slow exchange con-
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TABLE XXVII (cont'd) 

ACCRETION (A) VALUES (mg/kg/d) 

CASE METHOD I METHOD II • METHOD III 

No. Sex Age Wt.(kg) a b a b с d 

3 F. 60 50 11.0 4.1 6.0 5.3 5.0 4.7 5.4 

R-H 19 F. 60 80 7.4 0.4 11.2 10.1 10.3 - 5.8 

H 
S-T 20 F. 49 49 16.0 3.6 7.8 6.8 5.4 - 2.1 
2; 

21 M. 60 57 5.6 0 8.0 7.6 6.3 - 4.8 

22 M. 66 78 14.5 4.8 3.2 3.4 2.6 - 0.8 

5 F. 53 43 6.6 1.7 9.5 8.2 7.0 7.0 4.3 

CO 
6 F. 59 47 9.8 6.1 9.9 9.5 9.4 9.5 6.9 

VI 
О 
>-I 15 F. 71 '73 3.0 0 2.5 2.3 2.4 - - 3.9 
CU о 
о 
4—> 

18 F. 70 ,40 7.8 3.9 15.2 13.5 13. 2 - 9.3 
о 23 F. 74 38 5.4 0 6.2 6.1 5.9 - 4.5 

1 F. 71 69 11.5 5.8 10.8 10.5 9.0 9.0 7.5 

11 F. 60 58 4.8 2.3 10.3 8.8 8.4 8.4 6.8 

•о 
•IH 

14 M. 74 82 1.4 0 7.0 5.9 5.9 - 3.2 

(U 

(Л 
24 F. 63 45 0 0 13.3 11 . 1 10.8 - 8.9 

4 F. 48 66 12.0 2.3 5.8 5. 0 4.9 4.9 2. 2 

Mean 7.8 2.3 8.4 7.6 7.1 - 4.8 

tinuing for about 7-10 d and that Method 1П yields interesting intermediate values 
and may provide a basis for discussion. 

It might be expected that there would be some relationship between accretion 
rate and calcium balance. These two observations are compared in Fig. 44 in 
which Method lie (which is thought to be the most reliable at the present time) 
is compared with the calcium balance. The data show, as would be expected, that 
the calcium balance is usually less than the accretion rate, but there are two 
observations in which this is manifestly untrue. These are either due to errors 
in the calculated balances or accretion rates or they signify that the lie accretion 
rate - contrary to our general belief - is an underestimate rather than an over-
estimate of the truth. 

RESULTS OF KINETIC ANALYSES AND CALCIUM BALANCE STUDIES 
IN MALIGNANCY 

Kí.R. COREY* 

The Ca47 doses were 20-50 /лс and the Sr85 doses were usually 100 Дс. Each 
tracer solution was injected intravenously. In many cases both external counting 

* Co-authors: P.Kenny, E. Greenberg, J. S. Laughlin. 
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Fig. 44 

Relationship between accretion rate and calcium balance. 

and assays of blood and excretions we- . • : a period of 6-9 d. These patients 
were maintained under conditions of i . < > Urine samples were col-
lected in 24-h intervals, and faecal collect ions wore obtained in 3-d pools. Blood 
was sampled frequently during f с . л daily. Chemical determinations 
of calcium were made on diet, , , • . ¡ . and urine [F 1] and on serums 
[C 1] . 

Sample counting was done in a well scintillation crystal to 5% accuracy and 
results expressed as percent of administered dose per gram of calcium. 

The results of the measurements of excretions and serum samples were 
analysed as described by BAUER et al. [В 12, В 10] . 

In most of the kinetic studies it was found that the serum curve was linear 
after the second day and in only two instances was there a break in the curve with 
a decrease in the slope after 6 d. This change has been observed by other investi-
gators [H 2] and was taken to represent return of radioactivity f rom accreted 
calcium into the exchangeable compartment. In view of these observations all of 
our calculations were based on the part of the curve between the second and the 
sixth day. 

The results of 29 Ca47 kinetic and calcium balance studies in 18 patients are 
summarized in Table XXL Three of the patients had no evidence of bone disease 
and were in calcium balance. The accretion rate varied from 0. 28 to 0. 67 g/d and 
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t a b l e x x i 

Ca47 KINETIC AND CALCIUM BALANCE STUDIES 

Pt. 
init. 

Study 
no. 

Status Clinical T? Calc. Pt. 
init. 

Study 
no. 

bone 
, lesions 

status 
pt. g/d gm 

bal..; 
g/d 

Normal skeleton 

S. j . 

1 None 
Breast ca., 
hypox. 

0. 28 7.0 -0.02 

K. G. 
Diabetes 

1 None mellitus, 
hypox. 

0.61 2.6 0.0 

M. W. 
1 . None Prostat. ca. 0. 67 5.9 +0. 02 

Osseous mammary metastases ! 

L. Ha. 

1 Healing Hypox., 
hypothyroid 

0. 36 10.8 -0. 05 

2 Healing Hypox., 
euthyroid 

2. 50 7.0 +0.43 

3 Progress. 
Hypox., 
hypothyroid 1. 00 6.0 -0.19 

4 Progress. 
Hypox., 
euthyroid 

1.50 9.5 . . . 

K.H. 
1 Healing Oophorect. 0.93 5.4' -0.09 

2 . Progress. 
Hypox., 
oophorfect. 

0.89 7.0 +0.29 

: l . j : 

' 1 Progress. , Hypox. j • ' 1.04 9.0 -0.73 

B.C. -

i Progress. 
Oophorect., 
adrenex. 

2.~30 5.5 -0.32 

- M.H. -

i Progress. 1.4 5.8 -0.09 

2 Healing Hypox. ' 1.5 5.8 +0.40 

R. K. 
1 - Progress. Hypox. 0. 65 : 8.1 -0.12 

2 Progress. Hypox. 1.05 6.2 -0.20 

3 ' , Progress.. Hypox. 1.74 6.7" -0.87 

' V. M. .. -
r 

1 
Slowly 
progress. 

Hypox. 0.41 3.8 -0. 06 

j . G. 

• 1 
Slowly ~ ' 
progress. 

Hypox. 0.62 2.9,., - v 



TABLE XXI ( cont 'd ) 

Pt. 
init. 

Study 
no. 

Status Clinical 
E, 
gm 

Calc. 
Pt. 

init. 
Study 

no. 

bone 
lesions 

status 
pt. 

a, 
g/d 

E, 
gm 

bal., 
g/d 

Osseous mammary metastases (cont'd) 

E. L. 

1 

L.H. 

Slowly 
progress. 

Hypox. 0.30 7.0 -0.15 

1 Arrested Hypox. 0.89 5.1 -0.04 

2 Arrested Hypox. 0.70 6.4 +0.73* 

Osseous prostatic metastases 

D.S. 
1 Healing Hypox. 0. 38 5.0 0.0 

2 Progress. 
Hypox., 
hypothyroid 

0.71 -5.8 -0. 06 

3 Progress. 
Hypox., 
euthyroid 0.80 3.6 -0. 05 

Osseous thyroid metastases 

J.M. 

1 
Slowly 
progress. 

Hypox., 
hypothyroid 

0.36 7.0 +0.19 

2 
Slowly 
progress. 

Hypox., 
euthyroid 0.50 • 6.8 +0. 02 

Multiple myeloma 

K.S. 

1 Arrested 
Severe 
osteoporosis 

0. 20 6.2 -0.03 

Idiopathic osteoporosis 

A.L. 

1 Progress. 
Severe 
osteoporosis 

4.5 -0. 09 

Paget* s disease 

J.B. -

1 Progress. 
Exten. 
involv. 

4.90 17.6 -0. 07 

* High calcium intake. 



the exchangeable calcium from 2. 6 to 7. 0 g. This is in good agreement with a 
range of 0. 36 to 0. 79 g/d and 5 to 8 g/d respectively obtained by BAUER et al. 
[В 10] . 

Elevated accretion rates were present in all instances of metastátic diseases 
where the lesioné had been considered progressive and in some cases where ap-
parent healing was induced by endocrine therapy. It was also found that the accretion 
rate was elevated in one case of Paget's disease. In all these patients, the external 
counting had yielded elevated uptakes over lesions. 

The finding of elevated accretion rate and elevated uptakes may be taken to 
demonstrate that the simplified estimation of the accretion rate used here actually 
yields information on the skeletal deposition of calcium. The high uptakes then 
appear to be an ádéquate explanation for the alterations in overall kinetics of 
calcium without involving a systemic effect of the tumour on the whole skeleton. 
In cases with slowly progressive metastatic diseases the accretion rate was normal, 
and elevated uptakes were found over a fëw of the lesions. This may indicate that 
the abnormal Ca47 uptake was not large enough or widespread enough to influence 
significantly the accretion rate. 

The relationship of tumour uptakes, accretion rate and calcium balance in the 
patients with osseous metastatic mammary cancer is illustrated in Fig.45. It is 
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Fig. 45 

Local Ca47 uptake, accretion rate, and calcium balance in patients with osseous metastatic mammary cancer. 

apparent that in patients with progressive disease, the calcium balance was mostly 
negative while uptakes and" accretion rates were high. However, in some of the 
patients with lesions that were considered healing, high uptakes over lesions were 
seen in combination with elevated or normal accretion rate and positive or negative 
calcium balance. These observations demonstrate that the Ca47 results yield 
information about aspects of calcium metabolism not revealed by the calcium 
balance technique. Local Ca47 uptakes reflect local calcium metabolism; the 
accretion rate possibly reflects the uptake of the whole skeleton, and the calcium 
balance reflects the net calcium turnover of the body. 
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A STUDY OF HUMAN RICKETS USING Ca<" 

R. HOFFENBERG* 

Rickets amongst coloured children in the Cape Peninsula area of South Afr ica 
is a very common disease. Fifty percent of infants aged 3 t о 12 months attending 
a hospital out-patient department have been found to show cranial softening. Half 
of these, i . e . 25% of the total, showed X-ray evidence of active rickets [D la, b]. Two 
major aetiological factors.were lack of sunlight and deficient breast-feeding. 

It was felt that a convenient radioactive tracer of calcium metabolism might 
shed light on other causative factors .(e. g. , dietary), as well as on the mode of 
action of vitamin D. W.hile a good deal of evidence attests to the action of this 
vitamin on absorption of calcium, much uncertainty exists regarding its site (s) 
of action, the optimal dosage, the speed and duration of its effect and, in particular, 
the possibility of a dual action - physiological after a smaller dose, toxic after 
a massive dose. 

The present study was undertaken to investigate possible actions of vitamin 
D directly on bone. 

1. Plan of study,' patients and methods 

Two methods of investigation "were adopted: 

(1) Certain infants were studied in depth. These were placed in metabolic beds 
and full metabolic studies were made pre- and post- vitamin D with respect to 
calcium, phosphorus, magnesium, potassium and nitrogen. These patients were 
given two intravenous injections of calcium - one before and one after vatamin D 
therapy. 

(2) In other infants studies were planned which could be conducted on out-
patients or on in-patients without occupation of a metabolic bed. 

Metabolically normal children were chosen for control studies. In view of 
possible radiation effects, selection was made on the basis of limited life-expectancy 
or gross mental retardation. Controls, and children with active rickets, were 
given Ca in a dosage of about 10 ¡u с for short-term studies, but up to 50 ¡л с was 
necessary for longer studies (one week). Even at this dosage plasma and urine 
counts were very low at the end of the period. Faecal counts generally remained 
satisfactory. 

An attempt was made to measure residual body radioactivity by whole-body 
counting, both by means of a solid scintillation crystal and by the construction 
of a whole-body counter using 4 GM tubes (G 26 Pb). Both of these methods proved 
unsatisfactory, because of markedly fluctuating count-rates and difficulty in de-
termining what constituted the correct body count-rate for the full dose given. An 
attempt was also made to determine residual body activity by means of assay of 
soiled diapers (using the above techniques); this also proved inaccurate and the 
practice was abandoned in favour of full metabolic balance studies. 

Vitamin D therapy was given orally in the form of vitamin D2 50 000 i .u. daily 
AI 

for f ive days. The period of time between therapy and the second Ca*' study was 
not subject to control because of the erratic arrival of Ca47 shipments. 

Measurement was made of the specific activity of plasma, urine and faeces 
and exchangeable calcium pool sizes, accretion rates and excretion rates were 
calculated according to BAUER [B 10, С 4] . Endogenous faecal calcium and total 

* Co-authors : F. Harris and E. G. Black. 
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digestive juice calcium, were determined by the methods of BLAU [B 16] and 
BRONNER [B 19] . 

2. Results 

As mentioned earlier, considerable difficulty was experienced in studying infants 
after oral administration of Ca4 7 . This was abandoned in favour of the intravenous 
route. 

Initially we compared plasma specific activity curves over 60-h periods follow-
ing intravenous Ca47 before and after vitamin D therapy. In this way we hoped that 
studies could be conducted on out-patients. In three of the four patients shown in 
Fig. 46 an overall lowering of the plasma specific activity curve could be explained 

WO?,. RANGE OF NORMAL INFANTS 

RICKETS PRE-VITAMIN 0 
RICKETS POST-VITAMIN D 

Fig. 46 

Plasma specific activity in four patients as a function of time after Ca47 injection, pre- and 
post-vitamin D treatment. 

by an increase in plasma stable calcium level following vitamin D. In no case was 
there a noticeable alteration in slope. 

Fig. 47 shows plasma specific activity curves for a period of one week in 
patients with active rickets before and after vitamin D therapy. A single "normal" 
study is included. In all patients the initial curves are lowered in the direction of 

Fig. 47 

Plasma specific activity as a function of time after Ca47 injection, pre- and post-vitamin D treatment. 
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the normal patient after vitamin D therapy - primarily as a result of higher plasma 
stable calcium levels. In addition vitamin D has effected an alteration in slope in 
all cases. 

TABLE XXII 

PERCENTAGE OF ADMINISTERED DOSE EXCRETED 

Urine Stool Total 

K.W. I 4.5% 9.6% 14:1% 

II 2.3% 5.1% 7.4% 

L.M. I * 1.9% 14.3% 16. 2% 

II* 0.9% 12. 3% 13. 2% 

N. F. T «*» I T 0.4% 15.4% 15. 8% 

II 0.1% 7. 0% 7.1% 

M.G. I 1.2% 3.4% 4. 6% 

II 1.4% 5. 1% 6. 5% 

1. I = pre -vitamin D; 11= post-vitamin D. 

2. All studies refer to 7-d periods, except those marked * ; 

which are 6 d. 

In Table XXII the percentage of the dose excreted in each child is presented. In 
two of the four patients there was no significant'change after vitamin D; in the 
remaining two a decrease in faecal excretidfí can be seen. 

Table XXIII shows an increase in total digestive juice calcium in the three patients 
in whom it was possible to estimate this. Because of improved utilization in all 
patients, a lesser rise in endogenous faecal calcium was noted. 

, TABLE Х^Ш • . 

Endogenous 
Faecal Ca 

(mg/d) , 

Total Digestive 
Juice С a 
.(mg/d) 

Utilization 

% 

L. M. I 87 111 21. 7 

II . . . 149 , 224 r . 35.5 

N.F. I 152 270 43.7 

II ? ? ? 

K. W. I 61 •• 89 ; 32 

П 70 253 72 

M.G. I 39 84 55. 1 

* II 294 1179 
г 

- 75 

1. I = pre-vitamin D; II = post-vitamin D. 

2. Study II in N. F. unreliable. 
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TABLE XXVII (cont'd) 

Exchangeable Excretion Accretion 
Ca Pool Rate Rate 

mg mgAg mg/d mg/kg/d mg/d mgAg/d 

L. M. 1. 1200 202 60 10.1 164 27.6 

11. 1500 252 88 14.7 434 72.9 

N. F. 1. 2300 338 105 15.4 298 43.8 

11. 5700 814 176 25.1 , 1939 277.1 

K. W. 1. 1300 108 42 3.5 205 17. 0 

11. 2300 184 42 3.4 542 43.4 

M.G. 1. 2600 317 35 4.3 438 53.4 

11. 13600 1532 81 9.2 2081 234.5 

A. F. (Normal) 2990 398 

Table XXIV shows the marked increase in exchangeable calcium pool that occurred 
in all cases. In M.G., in particular, the rise is enormous. In two of the four patients 
studied the initial pool-size was very low compared to the single normal control; 
in the remaining two patients the figure was not low initially, but considerable 
increases followed vitamin D. Excretion rates rose in three of the four patients 
studied, perhaps as a reflection of the increased plasma stable calcium level. A 
most striking change was found in accretion rates after vitamin D. 

For some reason three,of these four patients were in slight positive calcium 
balance on admission to the wards. While this is to be expected in a normal growing 
child, it was a surprising finding in a child with active rickets. 

The distinct drop in the slope of the plasma specific activity curve after vitamin 
D raises interesting possibilities. Since the specific activity falls, it may be in-
ferred that the plasma stable calcium level is being maintained - either by increased 
intestinal absorption of calcium (dietary or endogenously secreted) or by resorption 
of bone. Studies are under way to test these possibilities in rachitic children placed 
on a low calcium diet, in whom increased intestinal absorption might be eliminated. 

In the patients studied so far there appears to be good evidence for a direct 
action of vitamin D on bone. It must be stressed, however, that the number of 
patients studied is small, and these conclusions are tentative. Future studies are 
being designed to investigate the possible participation of dietary deficiencies, other 
than that of vitamin D, in the pathogenesis of rickets. 

INVESTIGATIONS ON THE EFFECT OF VITAMIN D BY MEANS OF Ca47 

H. FRISCHAUF* 

Our investigations are concerned with the influence of vitamin D on specific 
activity of urine and plasma. 

* Go-author: H. Jesserer.-

88 



1. Clinical material and methods 
4 7 

In all patients, 20-25 ,u с Ca were injected intravenously. Specific activity 
in plasma and urine as well as excretion of activity in urine and faeces were de-
termined for the subsequent 9-13 d. Food rich in calcium was avoided. Activity 
of urine and plasma were measured in a well counter coupled to a single-channel 
analyser. The counting statistical error for plasma and urine measurements was 
less than 1% in the beginning and about 2% at the end of tests; for stool activity it 
was less than 5% and 10-15% respectively. Determinations of stable calcium were 
carried out as duplicates in each of 2 dilutions of urine, and as duplicates in plasma 
by EDTA-titration. For calculations of the daily elimination of activity it was as-
sumed that activity in faeces was lost from the body on the day preceding actual 
excretion. 

The values for excretion and for specific activity of urine and plasma were 
expressed as a percentage of the administered dose, and percentage of administered 
dose per gram Ca, respectively. Plots of retention and of specific activity against 
time on semi-logarithmic paper yielded, beyond the first 1 г - 3 d, approximately 
straight lines. 
The mass of exchangeable Ca was calculated as the ratio of retention to specific 
activity at the moment of injection, using hypothetical numerical values read from 
the extrapolated straight lines. From these curves the percentage daily loss of 
specific activity attributable to combined excretion and deposition in skeleton was 
calculated. 

Vitamin D in aqueous solution was injected I. V. in amounts of 30 - 60 mg 3-
4 days after the specific activity curve became linear on semilogarithmic paper. 
2. Results 

Table XXV contains data from patients to whom no vitamin D was administered 
during the test. In these cases the curve of specific activity versus time remained 
approximately a single straight line on semi-logarithmic paper during the whole 
time of observation. 

TABLE x x v 

CaE 
g 

(mgAg ) 

Total Ca40 Total 

Diagnosis 
Age 
Sex 

CaE 
g 

(mgAg ) 

Fr. Rem. R. 
"¡o per day 

Excr. 
Activ. 

(% dose/d) 

Urin. 
Excr. 

(mg/d) 

Excr. 
0-5 d 

(°Jo dose) 

Pseudohypo-
vitaminotic 

50 
fem. 

2.7 
(50) 

28.1 1.4 75 15 

osteomalacia 

50 
fem. 

2.7 
(50) 

Neo ventric. 65 5.7 14.0 2.6 139 16.5 
Syringomyel. fem. (110) 

Renal 48 7.1 16.5 1.4 220 7.8 
Osteopathy fem. <119) 

Myeloma 
65 

fem. 
3.2 
(63) 

28.8 3.1 202 30.0 

CaE = Exchangeable calcium. The number in parenthesis gives mgAg body weight. Fr. Rem. R. = 
= Fractional removal rate of Ca47 from exchangeable calcium compartment. Total Excr.Activ. = 
= Total excretion of activity (urine + faeces) per day, calculated as average of excretion from day 
3-6. Ca40 Urin. Excr. = Daily excretion of stable calcium in urine, calculated as average from 
day 3-6. 
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The patient with pseudohypovitaminotic osteomalacia was treated for several 
months until 2 weeks before the test with vitamin D3 (20 mg every second day). 
The patient with myeloma was given a cytostatic drug before and during examination 
with Ca 4 7 . The other patients had no relevant treatment before or during the test. 

In Table XXVI data are given for the patients to whom vitamin D was administered 
intravenously. On the day following vitamin D injection in all patients (except one 
with so-called progressive cryptogenetic osteolysis) the slope of specific activity 
versus time became less steep than prior to injection. 

T A B L E x x v i 

Diagnosis 
Age 
Sex 

CaE 

g 
(mgAg) 

Fr. Rem. R. 
°lo per day 

before J after 
Vitamin D 

Total Excr. 
ActivC7o dose/d) 
before 1 after 

Vitamin D 

Ca40 Urin. 
Excr.(mg/d) 

before 1 after 
Vitamin D 

Total 
Excr. 
0-5 

(°/o dose) 

Ulc. duodeni 
60 4.9 19.8 14.7 2.6 2. 2 354 471 24 

Ulc. duodeni 
male (60) 

354 471 
male (60) 

Hepatitis 
57 4.5 18.1 13. 5 3.3 2.5 185' 245 18 Hepatitis 

male (85) 
185' 

Lymph. Leuk. 
47 3.2 21. 5 9.7 3.0 2. 2. 144 178 28 Lymph. Leuk. 

fem. (50) 
3.0 144 178 

Osteoporosis 
68 3.2 22.2 14.8 2.8 1.2 106 143 20 -Osteoporosis 

fem. (62) 
106 143 20 -

Hypopara- 38 2.2 18.1 9.7 2.9 2.2 29 46 16 
thyroidsm fem. (33) 

M. Paget 
76 7.9 25.7 12.8 0.6 0.5 57 94 8.5 M. Paget 

fem. (104) 
57 94 

Osteolysis 
33 6.5 13.5 17.7 2.6 1.8 159 182 18 Osteolysis 

male (60) 
159 182 

Text as in Table XXV. Total excretion of activity and excretion of urinary stable calcium calculated 
from the average 3 d before and 3 d after injection of vitamin D . 

The patient with lymphatic leukaemia was treated with a cytostatic drug, the 
patient with osteoporosis with testosterone. The case of hypoparathyroidism had 
not been given vitamin D or tac'hysterol for more than a year. Her serum calcium 
level was 6. 8 mg%. 

Mode of excretion of Ca4 7 and stable calcium: The values for excretion of 
activity in urine per day showed a uniform decrease, whereas activity in faeces 
was in part dependent on the frequency of stools. The patient with chronic hypo-
parathyroidism had a high faecal excretion of activity; the patient with peptic ulcer 
excreted the activity mainly in the urine. Total excretion was very low in morbus 
Paget; it was high in patients treated with cytostatic drugs. The daily excretion 
of stable calcium in urine was irregular and rose after vitamin D as expected. The 
average of total excretion of activity seemed to decrease after vitamin D as a result 
of decrease of faecal activity. The measurements on faeces however were not suf-
ficiently exact to give safe quantitative data on total daily excretion before and after 
vitamin D. This is rendered even more difficult-by the uncertainty in fixing the 
time at which the activity in stools is no longer available to the body. 
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3. Discussion 

The decrease in rate of fall of urine specific activity even on the day of vitamin 
D injection indicates a quick mobilization of loosely bound Ca4 7 . This release of 
Ca 4 7 is sufficient even to override the accompanying increased uptake of stable 
Ca from the gut. The more prolonged decrease in slope of specific activity must 
indicate an increase in the size of the exchangeable Ca pool. These deductions 
suggest that the calculation of exchangeable calcium and of accretion rate by means 
of radioactive calcium is dependent in a high degree on constancy of absorption 
and of supply of stable calcium. 

The inflexion of specific activity curves about 8-10 d after injection - explained 
by diffusion processes or recrystallization - seems not relevant to our investi-
gations, since we observed the change after 5 - 7 d in patients with highly different 
disappearance rates from plasma. It remains to be confirmed, however, that the 
change in slope caused by vitamin D is a real one. 
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V. L O C A L I Z A T I O N S T U D I E S 

; EXPERIENCE WITH EXTERNAL COUNTING TECHNIQUES 
IN CLINICAL STUDIES OF BONE 

G .C .H . BAUER 

Introduction of the gamma-emitting Ca47 and Sr85 in the study of bone per-
mits an improvement over earlier tracer techniques [ B4 ] in that these tracers 
can be safely localized and measured in man without use of biopsy. In our labo-
ratories we have now made external counting studies of Ca47 and Sr85 in some 
600 patients. Our experience from these studies will be briefly reviewed and dis-
cussed below. The theoretical [ В12 ] and methodological [ B14] aspects of our 
approach have been presented by Wendeberg [ W l ] at this Conference. 

1. Localized bone lesions 

With but few exceptions the skeleton reacts with an increased accretion rate 
where hit by tumour, infection, arthrosis, and fracture. 

a. Tumour. In a consecutive series of 13 primary tumorous or tumour-
like bone lesions in the extremities (analysed in our laboratory by Yamamoro), 
the counting rate was significantly higher than normal in all but one - a 2-year-
old g ir l in whom Letterer-Siwe's disease had caused localized lesions in her right 
tibia and femur, skull and vertebral column. In the other 12 cases the increase 
in counting rate roughly parallelled the X-ray signs of skeletal reaction with high 
values in osteogenic sarcoma, malignant osteochondroma and eosinophilic granu-
loma, and relatively low values in giant cell tumours and "simple" bone cysts. 

In an early series of cancer and myeloma patients [ B9 ] investigated by 
Lazlo and co-workers at the Montefiore Hospital in New York the over-all ac-
cretion rate was high in metastatic cancer and low in myeloma. External 
counting has since confirmed that metastatic cancer gives rise to an increased 
counting rate over the lesions whereas the counting rate in myeloma may be 
normal. On this evidence the external counting technique might be used in the 
differential diagnosis of these lesions. 

In several laboratories [ G4, G5, C4 ] external counting techniques have been 
useful in the search for cancer metastases to the vertebral column, especially in 
cases with negative X-ray. Waldeskog from Gynning's laboratory at our hospital 
will describe their approach to this problem. 

b. Paget's disease. Al l investigators agree that the external counting rate 
over lesions caused by Paget's disease is higher than normal. Cases with wide-
spread lesions clearly demonstrate the correlation [ B3 ] between the rapid fall 
in blood concentration of Ca ' or Sr85 , the accumulation of tracer in the patho-
logic bone, and morphological evidence of rapid bone formation and resorption. 

c. Infectious processes. The counting rate has been found to be higher than 
normal over all osteitic lesions studied with the exception of two early cases of 
tuberculosis, one of whom had a large defect in the right acetabular region. This 
finding suggests that the external counting technique may be used for differential 
diagnosis of such lesions. In one case of osteitis in the lower tibia the counting 
rate was high when X-ray was still negative [ В14]. 

92 



d. Arthrosis. In a series of patients with bilateral or unilateral X-'ray 
signs of arthrotic changes in their hip joints the counting rate over the diseased 
joint tended to reflect the severity of the lesion (Fig. 48). Some evidence suggests 
that tracer signs of an increased accretion rate might precede X-ray signs of 
arthrosis. Arthrosis of the vertebral joints has been found to cause,an increase 
in the local uptake of tracer [ В13 ]. Such an uptake may enter as an error in the 
search for other lesions in the vertebral column. 

• * ' 
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Fig. 48 

Hip/к nee Ca4 or Sr85 activity ratios for 58 hips with X-ray evaluation of degree of osteoarthrosis [НЗ]. 

e. Fracture.WENDEBERG[ W2 ] has shown how changes in accretion rate 
induced by fracture may be evaluated with the aid of external counting techniques 
(Fig. 49). Following fracture of the tibia the accretion rate in the fracture area 
rapidly rose to a peak value of 10-20 times normal about 6-8 months following 
fracture, A return to normal was not seen even in fractures 6-9 years old. 

In the knee and ankle regions of the fractured limb an increase in the ac-
cretion rate was observed some 6 months following fracture, later to be followed 
by subnormal values. These observations agree with those in poliomyelitis re-
ported by Heaney in this report; it seems that immobilization, nerve damage and/ 
or fracture induces a loss of bone which stimulates the skeleton to a vigorous 
repair reaction. 

In a series of 70 cervical or trochanteric fractures of the femur the highest 
local accretion rate was found in a case in whom the fracture had occurred through 
a giant cell tumour in the trochanteric region. In one case of fracture of the neck 
of the femur, probably caused by radium treatment-of a cancer of the uterus, an 
external counting study was a definite aid in the diagnosis of the fracture [В14] . 

In our laboratory we have sometimes used the external counting technique 
to aid in the differential diagnosis between Scheuermann's thoracic kyphosis and 
fracture. In the former condition the counting rate has been found normal. 

f. Renal calculi . In one case of a large phosphatic stone in the left kidney 
the externally recorded counting rate over the left kidney at day 14 following 
intravenous injections of Sr85 was found to be abnormally high [ B13] . After 
operation a few days later the outer few millimeters of the stone were found to 
contain high amounts of Sr85 whereas the inner part of the stone was inactive. 

g. Subcutaneous calcifications. In a case of subcutaneous calcification two 
months after blunt injury to the left thigh the externally recorded Sr85 activity o-
ver this region at day 14 following injection was some 10 times higher than nor-
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Fig. 49 

Relative accretion rates observed in a series of fractures of the tibia [ W2] . Closed circles indicate normally 
healing fractures. Open circles indicate pseudarthrosis, delayed healing or osteitis. 

mal. The counting rate ratio injured/normal thigh increased continually through-
out the 14d of study. This suggests that the high ratio recorded on day 14 reflect-
ed a high accretion rate in the lesion. 

2. External counting of total body 

Due probably to geometric factors it has proved difficult to correlate body 
retention of Ca47 or Sr85 measured with a large crystal in a shielded environment 
with that measured from daily collections of urine and faeces. When this problem 
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has been solved it would seem profitable to substitute whole-body counting for 
collection of excreta. 

THE USE OF Ca47 AND Sr85 IN DIAGNOSIS OF BONE TUMOURS 

K. R. COREY* 

1. Time dependence of uptake 

Ca47 studies made with a modified radioiodine counter on two patients with 
osseous metastatic mammary carcinoma illustrate the calcium uptake and turno-
ver in several uninvolved bones and in one bone lesion. In areas of normal bone, the 
radioactivity reached a maximum within 24 h and remained constant,or decreased 
somewhat, thereafter. In the lesion area, the radioactivity increased rapidly 
during the first24h and continued to increase, but at a slower rate, during the 
subsequent days. At the end of 7d,the level of radioactivity in the metastatic area 
was approximately 10 times greater than in the areas of normal bone. 

The gradual long-term loss of the tracer, once deposited in the lesion,cannot 
be studied by the short-lived Ca47. Some information has been obtained with Sr85 

although the relationship of this to calcium turnover is not precisely known. 
The radioactivity in one osteoblastic metastatic lesion in the right elbow and its 
control area on the left elbow of a breast cancer patient (E .K . ) were followed 
from the 20th to the 193rd day. The count rate of the control area declined approxi-
mately 15% during this period. The count rate over the lesion on the 20th day 
was three times as high as over the control point, using the 2" diameter colli-
mator of the HEG scanner, while at 193 days it was only twice as high. It is evi-
dent that in this particular lesion both the rates of uptake and loss of Sr85 were 
elevated over those of the other elbow. 

The maximum uptake ratios of abnormal to normal bone are not reached be-
fore 1-2 weeks after injection. However, values close to the maximum are usual-
ly observed already at 2d after injection and therefore one may obtain a good esti-
mate of the Uptakes already at this time. In some cases a rather large decline in 
activity occurs between 1 and 2 d after injection in normal bones such as the pa-
tella, and therefore the 48-h measurement gives better information on the final 
distribution of activity. 

2. Local uptake in healthy and diseased bones 

Table XXVII presents the results of external radioactivity measurements, 
over various parts of the skeleton in 30 patients. These measurements were ob-
tained with a modified radioiodine counter. The count rate over the mid-shaft of 
tibia is expressed as a percentage of the counting rate of a standard source of 
Ca47 equal to the dose administered. Since no satisfactory tissue phantom for this 
standard measurement has been made, this percentage is not an absolute but a 
relative measure of the uptake. The ratios of the count rates over other areas of 
the skeleton to that over tibia are presented. These are averages of ratios meas-
ured between the 2nd and 7th days except where striking changes with time occurred, 
whèn the maximum ratios are listed. Similar results obtained on the 3rd and 4th 
day of Sr 85 studies of patients with normal skeletons using the HEG scanner with 
the 2" diameter collimator are listed in Table XXVIII. One may see from these 

Co-authors: P. Kenny, E/Greenberg, J. S. Laughlin 
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TABLE XXVII 

LOCAL С a47 UPTAKE IN BONE 

Pt. 
init. 

Study 

Status Tibia, Ratio to tibia of : Pt. 
init. 

Study 
bone °]o dose Oth. Femur Trochanter 

Pt. 
init. 

Study 
lesions Ca47 Skull T Oth. 

no. 
lesions Ca47 Skull L2 

vert. Rt. Lt. Rt. Lt. 

Normal skeleton 

S.J. 
1 None 0. 36 2.7 3.6 3.9 • • • 2.3 2.4 
K.G. 
1 None 0. 67 1.5 3.1 2.2 1.1 ... 
M. w. 
1 None 0.42 2.3 3.0 • • • • • • 3.4 3.0 
E. D. 
1 None 0.46 2.7 3.7 • • • • • • 3.5 
H. D. 
1 None 0. 53 1. 1 3. 0 2.7 . . . 2.3 2.3 

Av. 0.49 2.1 3.3 2.9 ... 2.7 2.8 

Osseous mammary metastases 

L.Ha. 
1 Healing 0. 27 6. 2§ 8. 6§ 6. 5§ • • • • . • 4.7§ 4. 3§ 
2 Healing 0.19 10.7§ • • • ... • . . • . • 

3 Progress. 0. 23 12. 0§ 8.2§ 8. 5§ • • » ... 1.6§ 2. 3§ 
4 Progress. 0. 21 14. 0§ • • • • . • • . » • • 3.5§ 2. 6§ 
K.H. 
1 Healing 0. 33 2.7 4.4 • • • • » • • • 5.9§ 1.8 
2 Progress. 0. 26 3.0 8.6§ 9. 0§ 2.5 1.5 15. 0§ 6.95 
L.J. 
1 Progress. 0. 36 1.9§ 3. 9§ 6. 6§ • • » 6.3§ 1. 2§ 1.1§ 
B.C. 
1 Progress. 0. 20 5. 5§ 19. 0§ • . . 8. 5§ 2.4 12. 0§ 7. 6§ 
M.H. 
1 Progress. 0. 23 2.2§ « . 2.2 2.4 9.1§ 7. 0§ 
2 Healing 0. 23 3. 4§ 8. 2§ • • . 2.9 3.9 11. 2§ 5.4§ 
R.K. 
1 Progress. 0.18 11. 0§ 10.05 11. 0§ 1.1§ 1. 2§ 3. 7§ 4.8§ 
2 Progress. 0. 23 9.1§ 7.4§ • « . • • • ... ... • . . 

3 Progress. 0.20 7.7§ 7. 0§ 12. 0§ 1.4§ 1.2§ 4. 2§ 3. 3§ 
V.M. 
1 

Slowly 
progress. 

0.47 2.1 3.8 ... 2. 0§ 2.1§ 

J.G. 
1 Slowly 

progress. 
0.43 3. 2§ 3.3§ 4.7§ 3. 6§ 

E.L. 
1 Slowly 

progress. 
0. 20 4. 3§ 8. 0§ 8. 5§ 7. 5§ 

L.H. 
1 Arrested 0. 59 2.8 • • • ... 1.6§ 1.1§ 1.1 1. 9§ 
2 Arrested 0.83 3.3 • • • ... 1. 7§ 1.3§ 1.2 1.1§ 
J.S. 
1 Slowly 

progress. 
0.47 1.9 2.4 1.9 ... ... 5. 2§ 2. 7§ 
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TABLE X X V I I (cont 'd ) 

Pt. 
Status Tibia, 

Ratio to tibia of : 
init. 

Study 
no. 

bone "Jo dose 
Skull L2 

Oth. Femur Trochanter init. 
Study 

no. 
lesions Ca L2 vert. 

Rt. Lt. Rt. Lt. 

Osseous prostatic metastases 

D.S. 
1 Healing 0.54 2.0 3.4§ 2. 5§ 3. 2§ 
2 Progress. 0.49 1.4 3. 3§ 3.2 1.2§ 3. 7§ 
3 Progress. 0.26 2.9 5.8§ ... 3.9§ 9. 9§ 
G.S. 
1 Progress. 0.13 7.8 16. 0§ 20. 0§ 8. 3§ 7. 2§ 
2 Progress. 0.14 5.1 16. 0§ ... 
W.C. 
1 Progress. 0. 23 1.9 7.7§ 3.4 ... ... 4. 0§ 4.2 

Osseous thyroid metastases 

J.M. 
1 

Slowly 
progress. 

0.47 1.5§ 2.6 2.2§ 1.0 0.6 3.8 3.9 

2 
Slowly 
progress. 

0.44 1.6§ 2.8 2. 5§ 1.1 0.9 1.6 2.1 

J.C. 
1 Healing 0.19 4. 6§ . . . • * • . . . ... ... ... 

Multiple myeloma 

K.S. 
1 Arrested 0.37 1.8§ 3.9§ 3.9§ • • . • . . 2.7 2. 9§ 
R.C. 
1 Slowly 

progress. 
0. 36 3.0 4.3 4.7 1.3 1.1 2.5 2.8 

Paget* s disease 

J.B. 
1 Progress. 0.13 39. 0§ 30.0§ . . . 3.4§ 3.4§ 28. 0§ 16. 0§ 

Osteogenic sarcoma 

N.B. 
1 Progress. 0.28 • • • • • • • • 8.7 § 1.0 • • » • • • 

J.W. 
1 Progress. 0.48 . . . • • • • • • 3.7§ 1.5 2.7 3.1 

Osteoblastoma 

C.P. 
1 Progress. 0. 32 ... 8. 5§ 3.8 . . . . . . . . . . . . 

Osteochondroma 

S.K. 
1 

Slowly 
progress. 

0. 32 • • • 5.9 5.6 . . . 1.6 4.7 7. 0§ 

Osseous bronchogenic metastases 

N. N. 
1 Progress. 0.16 12. 0§ 18. 0§ 13. 0§ . . . ... . . . . . . 
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TABLE XXVII (cont'd) 

Pt. 
init. 

Study , 
no. 

Status 
bone 

lesions 

Tibia, 
°Jo dose -

Ca47 

Ratio to tibia of : Pt. 
init. 

Study , 
no. 

Status 
bone 

lesions 

Tibia, 
°Jo dose -

Ca47 
Skull 4 ' 

Oth. 
vert. 

Femur Trochanter 

Pt. 
init. 

Study , 
no. 

Status 
bone 

lesions 

Tibia, 
°Jo dose -

Ca47 
Skull 4 ' 

Oth. 
vert. 

Rt. Lt. Rt. Lt. 

Radiation necrosis 

D.R. 
1 Static 0.34 3.3 3.5 2. 0 1.5* 0.9* ... ... 

* Serum calcium was elevated in 3 patients : L. Ha, |[study numbers 3 and 4), 12.4 mg. per 100 cc. ; 
L. J., 13.0 mg. per 100 cc. ; and R.K., 11.5 mg. per 100 cc. See text for explanation of ratios. 

§ Indicates a lesion area. 
Ф Ratio of humerus to tibia. 

TABLE XXVIII 

UPTAKES OF Sr85 ON THE SECOND AND THIRD DAYS OF STUDY 

Ratio to Tibia of H.LI. S.W. D.Z. 

Skull 2.7 2.0 3.1 

Thoracic Vertebrae ... 3.0 3.7 4.0 

Lumbar Vertebrae 3.2 3.8 3.7 

Greater Trochanter 3.6 3.0 -

Patella 3.3 3.1 2.8 

Ankle 2.6 2.4 2.6 

Uptake in tibia "¡o of dose 0. 29 0. 27 0.25 

S.J., Ca*7 STUDY -
H.MV Sr®5 STUDY 

o.sl 1 : 1 1 - I _ l _ -
О 10 , • 20 , 30 40 50 

_ _ APPROXIMATE DISTANCE FROM C7 IN CM 

Fig. 50 

Uptakes of Ca47 and Sr85at various points .on the spine in two patients with breast carcinoma and soft tissue 
metastases. The labelled vertebrae refer to S. J. - 2" diameter cylindrical collimator. 
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tables that spine, skull, pelvis and patella have higher count rates than tibia and 
that the distribution between the different sites is similar with Sr85 and Ca47. 
The distribution of Ca47 and Sr85 along the normal spine is illustrated in Fig.. 50. 

Inspection of Table XXVII reveals that many bone lesions had elevated Ca47 

uptakes. 
High values were found in both osteolytic and osteoblastic metastases, although 
most of the lesions were osteolytic in these patients. This emphasizes that the 
radioactivity content reflects the relative local uptake rate at the time of study 
rather than the actual amount of calcium in such areas. A confirmation of the ex-
ternal counting results was obtained at autopsy in one patient (R.K. ) with oste-
olytic metastases. An autoradiograph of a section of her lumbar spine approxi-
mately 3 mm in thickness was prepared. The greatest concentration of radioiso-
tope appeared to be in the vertebrae with the most tumour. There was a sug-
gestion that the radioactive calcium was deposited in adjacent bone rather than 
in the tumour. 

It is also apparent that the local uptake of Ca47 over the mid-shaft of the tibia 
is lower in patients with progressive osseous metastases than in those without 
bone lesions. This suggests that there is a decreased uptake of calcium in the un-
involved parts of the skeleton in association with the increased uptake in the lesion 
areas. 

The clinical status of the patients with lesions has been presented in three 
major categories: the "active" bone metastases which showed definite evidence 
of growth or apparent healing over a short period of time ; the slowly progressive 
bone metastases which showed minimal changes over periods of several months; 
the static or arrested metastases. In patients with osseous mammary metastases 
of the f irst category, many lesions with high uptakes were found, while in the 
second group only some lesions had elevated uptakes. In the patient with arrested 
disease the uptakes appeared to be within the normal range. 

Three patients with progressive osteoblastic metastases from prostatic carci-
noma and one with osteolytic bronchogenic metastases showed local Ca47 uptake 
elevated over lesion areas. Two patients with osteolytic metastases from thyroid 
carcinoma and two patients with multiple myeloma failed to show any increased 
local uptake. Ca47 uptake studies were perfomed in 2 patients with osteogenic sar-
coma of the femur. Uptake over the tumour was 3 to 6 times greater than the up-
take over the symmetrical areas of normal bone. Autoradiographs of the bone ob-
tained after amputation showed dense blackening over the area of the tumour [ С4]. 

Two patients with benign bone tumours - osteoblastoma and osteochondroma-
showed increased local uptakes of Ca47 over the lesions that were approximately 
twice that over normal bone. The highest local Ca 47 uptake was in the patient with 
Paget's disease, in whom the lesion areas showed up to 15 times more activity 
than did normal bone. 

3. Detection of bone metastases 

In the above reviewed work it was found that many bone metastases caused 
elevated Ca47 uptakes, particularly when the lesions were progressing or healing 
but regardless of whether the lesions were osteoblastic or osteolytic. The change 
in mineral content, which may be visualized by radiographs at the position of a 
lesion, is the net result of local uptake and loss of calcium. After disease proces-
ses have begun it may take considerable time before there is enough change in 
mineral content to be observed on radiographs. It has been stated that as much 
as 30% decrease in calcium content is necessary for radiographic demonstration 
[ L I ] .In contrast, an elevated rate of calcium deposition in a bony area will 
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simultaneously yield elevated Ca47 or Sr85 uptakes. Since with the HEG scanner 
we can detect local uptakes of calcium with reasonable accuracy, it was decided 
to attempt to detect lesions which were not yet visible in radiographs. 

In two patients with breast cancer who had had negative skeletal surveys and 
X-rays of the spine, the scanning results have later been confirmed by other 
means and the findings will be described here. These patients had complaints of 
pain in the thoracic spine but no other clinical evidences of metastatic disease. 
One of these, E . K . , was f irst studied with Ca47 using a 2" diameter collimator 
and the results of one spine survey are illustrated in Fig. 51. There was an area 

T3 T5 T7 , ТЭ Ti l 

APPROXIMATE DISTANCE FROM C7 IN in 

Fig. 51 

Results of Ca47 scan with 2" cylindrical collimator (E.K.) 

of high uptake corresponding to the painful T8-T9 vertebrae: at the time this 
finding was taken to indicate the possibility of a lesion and the patient was closely 
followed. Several skeletal surveys and radiographs of the spine were negative in 
the next f ive months but the pain persisted. A new study - this time with Sr85 -
was then made. 

Results of a most detailed focusing-collimator scan following injection of 
Sr85 are shown in Fig. 52. It is interesting to note that the even distribution of 

APPROXIMATE OISTANCE FROM C7 IN in 

Fig. 52 

Results of focusing collimator scans over the thoracic spine on the 107th day of the Sr8Sstudy of E. K. 

activity along the thoracic spine observed with the 2" diameter collimator was re-
solved into a series of peaks with the focusing collimator of high resolution. It is 
speculated that each vertebra corresponds to one peak. The peaks in the area of 
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T7-T10 are all higher than those between T3 to T6, confirming the impression of 
abnormal uptakes in this area seen in the Ca47 study and in a 2" diameter collimator 
survey of the Sr85 study. During the first month of the Sr85 study, metastatic 
lesions, throughout the spine, in the skull, pelvis and ribs were diagnosed by 
radiography. Furthermore, a bone marrow biopsy contained malignant cells. 

During the Sr85 study in this patient scans revealed a lesion in the left ankle 
and in the right elbow. 

The skeletal surveys had not included the ankle but when radiographs were 
obtained a lesion was easily seen. The radiographs of the elbows had been con-
sidered unremarkable but when the external counting repeatedly indicated high 
uptakes, it was decided to make a detailed scan with focusing collimator and a 
small lesion was revealed with an activity about 8-9 times that of points one inch 
away from the centre as well as on the corresponding area on the other arm. On 
reinspection of the existing radiographs a small area of increased density was 
seen at the corresponding position and on new radiographs this area was more 
clearly visible. This finding is an example of how the scanning technique may be an 
an aid in diagnosis and supplement radiography. 

On patient H. L . measurements were made on the 2nd and 4th day of the study. 
The 2" and 1" collimator measurements indicated an area of high uptake in the 
T6-T7 area. Results of the focusing collimator surveys revealed a simple peak 
with a maximum much greater than surrounding areas. One of the original scans 
is shown in Fig. 53 anda small area of high uptakes may easily be visualized there. 
These results were taken to indicate the presence of a bone lesion. Additional 
evidence was obtained from a myelogram with a defect visible at the position of 
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Fig. 53 

Focusing collimator scan obtained with preset time of 15 s, background of 17 cps and spacing between 
points of 3/8 in. 

the T6 vertebrae. A few days later the patient underwent decompression lamin-
ectomy. When the lamina of the sixth and seventh vertebrae were removed a cuff 
of tumour a couple of centimeters long was seen on the right side of the spinal 
canal which was a metastasis from breast carcinoma. Presumably this tumour, 
the cause of the pain, was producing a bone lesion not yet visible on radiographs. 

It is interesting to note that in the case of E .K . who developed lesions through-
out the spine, the area of large uptake was resolved into several high peaks, while 
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in H. L. a single prominent peak was found. The latter was the patient whose 
surgery revealed a small localized lesion. Such quantitative information gained 
by the use of the digital read-out system could not have been obtained with the 
conventional pictorial representations of automatic scanners displaying activity 
distributions with printed dots or lines, or even with photo-scanning unless this 
distribution was known beforehand. 

These results demonstrate that it is helpful to have available collimators with 
a large aperture as well as one with resolution such as a focusing collimator. 
The large-hole collimator registers counts from a large amount of bone, gives 
good count - rates and is insensitive to position. The focusing collimator yields 
a higher ratio of abnormal to normal count-rates, since a count over a lesion 
includes little surrounding bone. A very detailed picture may be obtained of the 
size and shape of a lesion and the uptake at various points. In view of the results 
presented here, it is felt that the HEG scanner has advanced the diagnostic appli-
cations of Ca47 and Sr85 . 

It is of great importance and encouraging that in several instances the de-
tection of metastatic lesions in the bone with Ca47 and Sr85 scanning has been 
confirmed by other means. In this study the detection of spinal metastases in 
two patients is described. In one of these Sr85 uptakes outlined a small lesion 
which was within a few days confirmed by surgery. In the other case several 
vertebrae were found to have high Ca47 uptakes and about five months later meta-
static involvement became visible on radiographs. Also-a lesion in one elbow of 
these patients was detected on radiographs after the position had been deline-
ated by s canning. BAUER et al.[ В14 ] have described a similardetection of a fracture 
line andGYNNING et al. [ G5 ] a case where elevated Sr85 uptakes preceded by 
several months the radiographic visualization of metastasis. In all the above re-
viewed cases bone pain was the original complaint which led to the radioactive 
isotope studies and it can be concluded that Ca47 or Sr85 scanning can be very 
helpful for clarification of whether a complaint of pain is caused by a bone lesion 
not yet visible on radiographs. Such information may lead to early treatment and 
facilitate the management of the patient. That this technique might be developed 
into a screening method for cancer patients, who do not have any complaints, is 
an important implication which now will have to be investigated. 

LOCALIZATION OF С a47 IN BONE TUMOURS 

W.K. JASINSKI* 

The method of injection of the isotope and the material studied were de-
scribed earlier in this report. Surface measurements of the bone activity were 
made on a routine basis over every patient's patella. In pathological cases the 
activities over bone lesions were also measured and compared with the hetero-
lateral, non-affected parts of the skeleton. Only the patients who received a 
single isotope injection are presented below. 

In the case of normal bone as illustrated by the patella in these patients the 
activity reaches its maximum about 20 h after injection and then drops exponential-
ly!. However, in a few cases an upward deflection of the curve has been observed 
at 100 -120 h after the dose. We are not able to explain this phenomenon. We 
think that it may be due to an increased availability of the radioactive material 

*"Co-authors: J. Malinowska, J.Tolwinski, Z. Malinowski, J. Malkolska, B.Gwiazdowska. 
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f rom the osteolytic lesion. This radioactive material reappearing in the blood may 
be the result of a fast exchange of Ca47 with the mineral of the normal bone. This 
opinion, however, is nothing more than a speculation. 

Usually the activities recorded over a pathological lesion, for example meta-
static carcinoma, and over the normal, symmetrical part of the skeleton of the 
same patient had identical slopes expressed in terms of their half-lives, but the 
activity on the pathological side was higher. Occasionally the decrease of counting 
rate over the pathological part of the bone is somewhat slower than oyer the 
corresponding normal bone. 

The slope of the curve is a measure of the rate of change of the activity, and 
both activities - over normal and pathological areas - can be compared in that 
way. Moreover, we can compare different parts of the skeleton because the slopes 
of the curves representing the activities are the same above all normal bones in 
the same individual. The absolute activities, however, expressed in counts per 
minute, are entirely different. 

For comparison purposes we can use the ratios of the half-times of both 
counting rates, over pathological and normal bone. Fig. 54 shows this ratio as a 

Fig. 54 

Ratio of the half-times of activity curves of the pathological and symmetrical normal bones of the same patients 
as a function of time (h) for a few selected cases. 
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t 

Fig. 55 

Ratio of the half-times of activity curves of the pathological and symmetrical normal bones: A - before, and 
В - after irradiation, for three different patients. (Time scale in h) 

103 



function of time for a few selected cases. The value of 3. 5 was reached in one 
of our cases indicating intensive turn-over of radioactive material in this meta-
static lung cancer. 

Fig. 55 presents three cases studied before and after irradiation of the bone 
tumour. The absolute values of the ratios are"different in all three cases but 
they did riot change before irradiation as is shown by the horizontal course of the 
lines. After irradiation, however, the line, at least in one case, goes steeply 
upward indicating a substantial increase of the turn-over of calcium in this 
tumour. 

С a47 FOR THE DIAGNOSIS OF BONE LESIONS IN MAN 

R.A. GUERIN* 

Preliminary results observed in cases of malignant bone tumours and in 
Paget^s disease have prompted us not only to continue these studies but also to 
start exploring the use of. Ca47 for diagnostic purposes in a variety of skeletal 
lesions such as other types of tumours, osteitis and skeletal dystrophies. 

It seems useful to combine the use of Ca47 with P 3 2 in the study of general-
ized bone disease. 

LOCALIZATION WÍTH Sr 85 OF SPINAL METASTASES IN 
MAMMARY CANQER AND CHANGES IN UPTAKE AFTER HORMONE 

AND ROENTGEN THERAPY 

B. WALDESKOG** 

Skeletal metastases are often not demonstrable in the roentgenogram until 
bone destruction is considerable. This applies particularly to the spine. A com-
parison between roentgen and postmortem findings, as well as experimental 
studies [ B1 L have shown that the bone decalcification must reach about 50 % 
before it is evident in ,the roentgen f i lm. 

Forjudging to what extent an accumulation of Sr85 in metastases might be 
expected, a number of patients with known skeletal metastases were studied [ G6 ]. 
A l l the patients showed a marked accumulation of the isotope in the region with 
roentgen changes, e .g . , 2 to 3 times normal. 

A question often requiring consideration in the planning of treatment of a large 
group of patients with cancer of .the breast is whether there is any suggestion of skeletal 
metastases. A long-term investigation has started in patients with cancer of the 
breast belonging to Stage II Group 3 according to N O H R M A N ' s nomenclature[ N 2 ] . 

It is known that 75% of such patients must be expected to die within 5 years ; 
within this period this group will therefore probably include a relatively large 
number of cases with skeletal metastases. Exam.ina.tion with Sr85 was repeated 
at intervals of about 6 months. The purpose of this long-term investigation wás 
to ascertain whether by this method skeletal metastases could be detected earlier 
than in the roentgen examination. This long-term investigation has already 
yielded useful information. ,It has been found, for example, that advanced osteitis 
deformans, as well as fractures, may give high counting rates as demonstrated 
previously by BAUER et al . [ В14]. 

^ Unfortunately Dr. Guerin could not attend the meeting.His communication is 
. therefore only summarized here. • < , , 

* * Co-authors; I.'Gynning and P.Langiand. 
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It was considered of interest to ascertain whether it is possible to demon-
strate changes earlier by means of Sr85 than by roentgen examination. In some 
cases the roentgen- and Sr85 -examination were both positive. 

Slight changes in the roentgenogram were often not detected until re-exami-
nation after Sr had in fact suggested'the possibility of these being present. In 
some cases, however, no agreement was found between the two methods(Fig. 56). 

LET 

Fig. 56 

Plot of activity vs. successive vertebrae 
May 1959: Sr85 negative - roentgen examination negative. 
November 1959: " positive - " 
January 1960: " " positive. 

The isotope technique was also studied for its capacity to reveal the effect 
of palliative treatment of cases with widespread skeletal metastases. For this 
purpose patients were selected in whom a series of Sr85 measurements had been 
made on three or four occasions after irradiation or institution of hormone thera-
py. The first test was performed at the beginning of treatment. The examinations 
are of particular interest with respect to those changes that can be recorded in the 
isotope uptake and correlated with the clinical course after therapy has been 
started (Fig.57). 

Plot of activity vs. successive vertebrae. Case of breast carcinoma stage I operated in 1954. April 1959 widespread 
metastases especially in the pelvic region. Observe the ordinate scale in this case! Irradiation of pelvis in 
April-May 1959 and androgenic hormone therapy. The patient has since been treated only with androgen 

therapy, the pain has disappeared, the roentgen examinations show an improvement in the calcium content 
of the affected regions and a recovery of skeletal structure. 
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Up to now 90 patients with breast carcinoma Stage II Group 3 have been 
investigated with 250 examinations. 

Number of 
examinations 

Examination 
with Sr85 

Examination 
with X-ray-

negative 

positive 

negative 

positive 

160 negative 

positive 

positive 

negative 

66 

18 

6 

The 6 examinations with negative Sr85 and positive roentgen concern 
2 patients, the 18 examinations concern 10 patients and the 66 examinations 
concern 28 patients. In this last group some of the roentgen examinations were 
at f irst negative but at re-examination of the roentgenogram the changes re-
gistered by Sr85 could be detected. 

The method described is used today as a routine procedure in patients with 
breast carcinoma Stage II Group 3. 
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OF 
VI. G E N E R A L D I S C U S S I O N 

K I N E T I C A N D L O C A L I Z A T I O N S T U D I E S 

HEANEY: Dr. Dymling, you found lower than normal accretion rates in 
osteopenia. Will this still be true if you correct the absolute accretion rates 
for differences in body weight? 

DYMLING: Yes, these two groups did not differ in body weight. I agree 
that it would be desirable to correlate the accretion rate to skeletal mass, which 
in osteopenia may be down to 30% of normal or less. However, there is no 
method for measuring skeletal mass. 

HEANEY: It would be desirable to relate accretion rates to bone mass, but 
lacking the requisite information, I do not think we should ignore total body 
weight, lean body mass, surface area, or some other index of body size. Virtu-
ally any other metabolic activity one can think of, such as basal 02 consumption, 
amino-acid turnover, etc. is so related. I see no reason to presume that a 50 kg 
woman would have the same accretion as an 80 kg athlete, and prefer to express 
my data accordingly. 

FRASER: I feel it is as gross an approximation to divide the accretion rate 
by the body weight as it is to simply ignore the body weight. 

Dymling has found that accretion rates are low in untreated osteomalacia, 
and that these rates increase during treatment with vitamin D. We have always 
found the accretion rate to be high in untreated cases of osteomalacia. 

DYMLING: If we calculate our data the way Fraser does, they too come out 
high in osteomalacia prior tô treatment. We believe Fraser 's method of calcu-
lation places too much emphasis on data derived before the tracer has equili-
brated in the exchangeable space. Also he does not take into account faecal loss 
of tracer. The reason for this has been that he used stable strontium as a tracer. 
As he has repeatedly pointed out it is very difficult to measure stable strontium 
in the faeces and for more than some f ive or six days in the blood. 

FRASER: You are probably referring to our published data [F2]. In most 
of those patients we did not make measurements of faecal loss of tracer. How-
ever, we have now done this in a large number of patients. We have found that 
faecal loss of tracer varies considerably as does the severity of, say, malab-
sorption. The example you gave had an extreme degree of steatorrhea. Usually 
the accretion rates come out high even if faecal loss of tracer is taken into ac-
count. Rather I would agree that the difference between your results and ours 
is related to differences in calculation. 

BAUER: It seems Nordin feels that given a choice of several methods for 
calculation of the accretion rate he prefers the method which results in the lowest 
accretion rate. However, already Hevesy pointed out that the rate of bone tissue 
formation will be underestimated if calculated from tracer data derived after 
bone resorption has caused reutilization of tracer. Now if Heaney and we are at 
least nearly right such recycling may be an important factor some 10 d or later 
after intravenous injection of labelled calcium in man. The effect of such re -
cycling has been calculated by us [ B l l ] in rats in very much the same way as 
Nordin now does in man. The results of the calculations shown by Nordin do not 
therefore suggest the existence of a large slowly exchanging bone compartment. 

HEANEY: From about day 8 it is impossible to measure bone formation in 
most patients because of the break in the plasma specific activity curves. There 
seems to be little mathematical reason for taking a mean of the slopes after day 8 
as you suggest. 
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It may be debated whether the break is due to bone resorption (believed by 
Bauer and by myself ) or to return of tracer from a large slowly exchanging pool 
as suggested by Milhaud (recrystallization) or by Nordin. Again let me refer to 
our observation of a constant ratio of urinary Sr85/Ca45 after 8-10 d. I interpret 
this to mean that bone resorption is the important factor. 

NORDIN: In both cases you have a pool of higher specific activity dumping 
tracer into the circulation. 

HEANEY: Yes, but a large slowly equilibrating pool would not give this 
sharp break in the urinary ratio of Sr85/Ca45. Please note that I am not now 
speaking about the break in the plasma tracer curve. 

FRASER: Certainly it is important to base calculations of the bone formation 
rate on the intermediary part of the curve for concentration of tracer in the 
plasma following a single injection of tracer. This part of the curve should be 
chosen because equilibration has been completed and reutilization of tracer has 
not yet started. This choice can be done only by inspection of the individual 
curves. 

HEANEY: I agree. 
BAUER: Still it would be good if these calculations could be done by amachine. 

This would remove the painful fact that the rate of bone formation varies f rom 
one laboratory to another even when one and the same method is said to be used. 

NORDIN: The papers presénted to-day and the discussion clearly emphasize 
the importance of an adequate explanation as to why there is a break in the ex-
ponential fal l-off of tracer at about day 8 following intravenous injection. Is it 
due to resorption or to back exchange? 

FRASER: Mclntyre has found that one-third to one-half of the tissue mag-
nesium is non-exchangeable. Therefore we should not automatically equate - as 
perhaps Heaney does - the non-exchangeable tissue calcium with metastatic calci-
fication. I should think it is quite likely that there is a non-exchangeable calcium 
phase in the cell other than metastatic calcification. 

HEANEY: The amounts of calcium which do not exchange are so small (only 
5-10 mg/l00 g tissue for kidney, for example) that it would appear that dystrophic 
calcification is more than adequate to account for what we see. Since such calci-
fication would also contain Mg salts, I do not think the observations of Mclntyre 
prove the existence of non-exchangeable protoplasmic calcium. 

SEVERAL SPEAKERS: felt that the general morphology of dystrophic calci-
fication is not well known. In some types - like a phosphatic kidney stone ob-
served in Malmô and in some of Heaney's cases - the tracer content has been 
found high shortly after intravenous injection of labelled calcium or strontium. 
In other types - like a case of pericardial calcification and kidney stones ob-
served by Milhaud - the tracer content was barely distinguishable from back-
ground. It was agreed that dystrophic calcification may sometimes introduce a 
source of error in isotope studies of bone. 

BAUER: Dr. Corey, you showed how you had made very precise measure-
ments over a small area of the right elbow in a patient with breast cancer, and 
that these measurements suggested the presence of a metastatic lesion in the 
elbow. If you'd taken just a normal thyroid detector and compared the counting 
rate on one side with the other would you have found the increased uptake on the 
pathological side? Perhaps you did that prior to the finely collimated measure-
ments? 

COREY: At the time the scan was made there was about twice as high a 
count over the lesion as over the normal side when a collimator with a straight 
hole of 5 cm diameter was used. However, the lesion could not be seen by X-ray, 
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possibly because it was close to a joint. The patient had a swollen arm following 
mastectomy. The arm had a bigger blood supply than normal as shown in a 
radioiodinated serum albumin study. The clinicians had a feeling that the elevated 
activity might be related to these facts rather than to a distinct lesion. Not until 
we outlined the lesion and showed its position and small size with the scan could 
the lesion be seen in radiographs. Subsequently the tumour became more ap-
parent. 

NORDIN: May I ask somebody who has been doing body counting with me-
tastases and other localized lesions if they have any views at all on why there 
are these increased counts over so many conditions in bone. This surely is 
highly relevant to the whole question of what is accretion and what is exchange. 
I presume that most people who are doing this work, and I presume the Swedish 
group in particular, take the view that these increased counts might represent 
an increase in what they call accretion, in other words in actual formation of 
tissue. Now it does seem to me extraordinarily odd that practically every type 
of local disturbance in bone, with the exception of myeloma and a case of 
Letterer-Siwe's disease, gives an increase in apparent actual bone formation. 
Could we please have some views as to why there are these increased local counts. 

COREY: We have a feeling that whenever there is a disturbance in bone, 4 

such as a tumour beginning to erode bone, there must be some stimulation to-
wards bone healing in an effort to repair the bone. Of course, if X-ray shows 
an osteolytic tumour this means that the healing processes cannot compensate 
for the rate of bone resorption, but the tracer data indicate the attempt at healing. 

NORDIN: Well, this is a very interesting idea. We have a morphologist 
among us. Dr. Sissons, couldn't we have your views on whether in fact there is 
this invariable healing. There must be a lot of osteoblastic activity in all these 
different types of bone tumours and lesions. 

SISSONS: Perhaps "healing" is not a good term to apply to the bone forma-
tion in a metastatic tumour, but there is, I think, good histological evidence that 
this type of lesion - even when osteolytic - is often associated with a considerable 
amount of bone formation. One recent histological study [M2] concluded that 
there was no essential difference, in so far as the host bone is concerned, between 
"osteolytic" and "osteoblastic" metastases: there was histological evidence of 
new bone formation in many osteolytic tumours, while the actual amount of bone 
present in the lesion was influenced by both the rate of bone destruction and bone 
formation. I also have in mind a study [SI]of the intravital staining of deposits 
of metastatic carcinoma with alizarin: alizarin uptake was observed both in 
osteolytic and osteosclerotic lesions, and was interpreted as indicating reactive 
bone formation. The point is that the bone formed in an osteolytic metastasis 
persists only for a very short time; as a result/ there is not enough of it present 
to show up in a radiograph. I think this is Corey's view, and I would agree with 
it. 

FRASER: In this issue we surely cannot ignore the question of blood supply. 
I would have thought the best illustration of that is the low uptake you see in tu-
berculous lesions and the speed with which the uptake increases in acute oste-
olytic lesions observed by Waldeskog and others. It's hardly credible that it 
isn't mostly a blood supply phenomenon. 

DYMLING: Mostly a blood supply phenomenon? 
FRASER: Yes, mostly. 
HEANEY: What do you mean by that? 
FRASER: That the increased local uptake mostly depends on the increased 

blood flow. 
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^ H'EANvEY: -Letame ask you ¡-again ./to specifypthat .further^, Ç)o y ou-,mean. that, 
one is able to^fprm., more-bone because of bringing more 'mineral to it/ or do-you 

jineafi. th.at одё- is tsimply measuring ад increased vascular, space?- .. 
г ль. BA'JJER:. Jn the-very f irst patient with Paget's -disease .investigated-with Ca47 

wÈjmade-:®.- siftiultaneous measurement'with radioiodinat-ed human serum albumin 
to see how,much the vasculiar.jg.pace had increasedTin the.pathological bone. . We-
found that the counting rate of I131 in the affected bone was higher by about 20%,v 

than.the normal-bone,; whereas th& counting rate of-Ca47 was more than 10 times 
higher;.th.arirnormal. . Од--the -basis of the more .elaborate kinetic-analysis made,by 
Wendeberg Lthink it's almost beyon^ doubt that the/increased counting rates ob-
served tpver--a fracture op over atumqur 14 dfollow-inginjection are not. due ,to • 
activity-in the blood., K • t ¡; - -

; COREY: -Dr. Fraser; in an autoradiograph of a vertebra we found that the 
activity had a-very spotty distribution. Could you explain this distribution and 
uptake on the basis of'increased blood supply? - ... .. ; . 

FRASER: Don't mistake me,. Dr. Corey; I don't think-that the Ca tracer 
uptake ig, -merely a reflection of blood supply. A l l I 'm suggesting is/that it's-, 
perhaps a "compound of various things in which sometimes-blood supply is a yery 
important factor'and I would cite the tuberculous lesion which doesn't show an 
increased uptake as an example where the poor blood supply prevents-the repair 
reaction froror-щап-ifesting itself. Possibly the only circumstance in which.one . 
could ha.ve.a-n incjt? ea s e d tbloo d, supply without-other changes as.-well might be the-

.•afciufce .phase, of. osteomyelitis or acutely after a fracture,, but it 's got to-be very 
acutely .when,you have only got-blood'flqiW changes. 
: - NORDIN:. I think that I would be reluctant to support Fraser 's line of argu-

ment here.: I would accept'that these changes are bony. The question to my 
mind that I raised originally is whether the change^ are due to an increase in 
exchange or-increase in true bone formation. .... -

г I can-accept "thpt there-is an increased accretion in certain metastases from 
tíancer-,of-the prostate or mammary glands. This is seen as. sclerosis in the 
X-ray f i lms and Dr. Sis sons has just told.us there is some evidence from label-
ling in vivo that these^lesions cause increased bone production. But it worries 
me to find that there is an increased counting rate oyer practically all types of 
bone lesions even when X-ray,shows there is loss, of bone. 

> WENDEBERG: When one -wants to interpret the external counting rate ratios, 
pathologic/normal bone, . one has to take into account not only the magnitudes of 
these ratios but also how they change with-time. For example, during the in-
itial weeks after a fracture of the tibial shaft the counting rate ratio may be high 
one day following injection of Sr85 but back to unity 14 d after injection. This 
suggests" that the early ratio was due primarily to tracer in the soft tissues. Six 
months after fracture, however, the externally recorded counting rate ratio may 
r ise continually for at least two weeks following injection of the tracer. This 
shows that the ratio obtained at two weeks is primarily due. to tracer irreversibly 
incorporated in the bone, i. e. by accretion. As, .we showed earlier in this meeting, 
the shape as well-as the magnitude, of the externally recorded cpunting-rate curves 
and ratios permits an-analysis pf the types-of kinetic reactions involved in dif- , 
ferent stages of a bone lesion such as fracture. • . 

SISSONS: I am not as surprised as Fraser, and Nordin. apparently are by this 
tracer evidence of calcium accretion in the neighbourhood of so many types of 
bone lesion. From the histologist's poini-of view almost every metastatic bone 
tumour shows some osteoblastic activity, even-if appreciable amounts of bone 
are not seen in a clinical radiograph. Í think that the presence of recently formed 
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bone tissue is a Very adéquate - if-not the only '-"cause' of the calcium accretion' 
demonstrated by the external counting of radioactive calcium-or strontium. - With 
regard to Fraser 's comments about tuberculous lesions: at an early stage, a 
tuberculous lesion may show histological evidence of increased vascularity but no 
new bone formation. Later, bone formation occurs as part of the process of 
repair, and I would therefore expect there to be evidence of calcium accretion 
at this stage. 

BAUER: We have seen early tuberculous lesions without local increase in 
activity and late lesions with increased activity. 

DYMLING: You said every metastatic tumour, Dr. Sissons. Would you 
really include myeloma in this? 

SISSONS: Histological evidence of reactive bone formation is certainly rare 
in myeloma, but I have sometimes seen it and it would consequently not surprise 
me if an occasional myeloma were found to show increased calcium accretion. 

BAUER: Well, it is interesting to hear Dr. Sissons say this because this 
convinces me even more that it is very important to try to correlate the findings 
in kinetic studies of this type with morphology, as we have tried to-day. I believe, 
Dr. Nordin, that you can accept a high accretion rate round an osteoblastic 
tumour, but that you would not accept such an interpretation of the high counting-
rates seen over osteolytic tumours. This need not be a paradox if one accepts 
as a fact that with a high rate of accretion and an equally high rate of resorption 
the amount of tissue does not change. If one has a higher rate of resorption than 
accretion one will have actually a loss even though the accretion rate may be 
considerably higher than normal. 

NORDIN: Yes, I accept that. I was surprised at how invariable this was 
over such a wide range of conditions but Sissons is our bone pathologist here and 
if he says that in fact all these tumours and other conditions give rise to an 
osteoblastic reaction, I think that settles the discussion. I think it is an ex-
tremely interesting point. 

FRASER: I follow Sis son's suggestion that all lesions are osteoblastic. But, 
if I am not mistaken, the acute immobilization reaction, for example, is a phe-
nomenon which shows a high external counting-rate (Wendeberg) or a high over-
all accretion rate (Heaney) and that is surely not a local scar. I wonder if any 
of the observers who have been making these local measurements can tell us 
what the situation is in joint disease, for example in gout or in acute rheumatoid 
lesions where you might well have acute changes in the blood supply without any 
acute local disease in the bone. 

HEANEY: Dr. Fraser, I wish I could give you some answer to that because 
it is precisely the reason we designed this extremity counter which I described 
to you two days ago. It is ideal for joints, and this is of course precisely the 
condition in which we want to use Ca47 because its short half-life will allow us 
to do duplicate studies over very short intervals. I have no information on this 
very interesting question which has stimulated us very much. It is one of numer-
ous examples where the tracer techniques have raised questions which morpholo-
gic techniques alone cannot answer. 

HOFFENBERG: I wonder if anybody has had the opportunity to study local 
uptake in a fracture in a case of osteogenesis imperfecta? Would this also pro-
duce a high uptake? 

WENDEBERG: We have measured one patient with osteogenesis imperfecta 
who had a femoral fracture through the trochanteric region. There was an in-
creased uptake. 

DYMLING: Another patient with osteogenesis imperfecta had had several 
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vertebral fractures one year prior to an external counting study of the spine. 
This study was normal. 
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A P P E N D I X II 

CHEMICAL DETERMINATION OF CALCIUM IN URINE, 
RESULTS OF INTERLABORATORY COMPARISONS* 

N. VEALL 

1. Introduction 

One of the practical applications of radioactive isotopes in clinical work has 
been their use for checking and evaluating various standard analytical methods; 
and the availability of Ca47 has made it possible to make a better check on the 
accuracy of the methods used for chemical calcium determination than could be 
made with Ca45. At the meeting of the Panel on Medical Applications of Ca47 

it was suggested that while the chemical determination of calcium in serum might 
be straightforward, it was by no means easy to obtain accurate figures for urine 
samples. Evidence was presented to show that the traditional methods for urine 
calcium analysis were subject to considerable errors ; and that results for the 
same sample measured in different laboratories might dif fer appreciably. Since 
many of the clinical tracer applications of Ca47 necessitate accurate specific 
activity measurements and therefore accurate chemical measurements, it was 
agreed by those members of the Panel who were concerned with the problem 
that it would be useful if a number of identical urine samples could be analysed 
in different laboratories and the results compared. Accordingly, sets of six 
urine specimens were distributed and the results f rom twelve laboratories are 
reported below. 

2. Participating workers 

Samples were sent to the following members of the Panel: 

Dr. H. Bohr, 
Dr. K. R. Corey, 
Prof . R. Fraser, 
Dr. H. Frischauf, 
Dr. R. P. Heaney, 
Dr. R. Hoffenberg, 
Dr. K. Kostial, 
Dr. G. Milhaud, 
Dr. B. E. C.Nordin, 
Dr. V. Parsons, 
Dr. H. A. Sissons, 
Prof . R.J. Soto, 

Ortopaedisk Hospital, Copenhagen. 
Memorial Sloan-Kettering Cancer Center, New York. 
Postgraduate Medical School, London. 
I. Med. Univ. KLinik, Vienna. 
Creighton University School of Medicine, Omaha. 
University of Capetown, Capetown. 
Institute for Medical Research, Zagreb. 
Institut Pasteur, Paris. 
Gardiner Institute, Glasgow. 
Guy's Hospital Medical School, London. 
Institute of Orthopaedics, London. 
Institute Modelo "Luis Agote", Buenos Aires. 

The samples sent to Dr. Corey were also analysed independently by Dr. 
W. P. L . Myers of the Sloan-Ketter.L ng Institute and these data are included below. 

Particular care was taken to ensure that the specimens were packed, labelled, 
and dispatched in accordance with the Regulations Prescribed by the Universal 
Postal Convention, signed at Ottaw a, 195?» All the specimens arrived safely 
with the exception of those consigned to Dr» Milhaud so that, unfortunately, it has 
not proved possible to include data from the Institut Pasteur. 

* Report on interlaboratory comparison which wat arranged during the meeting and carried out subsequently. 
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3. Preparation of samples 

Urine specimens A. and B. were 24 h collections from two patients with 
relatively highland low urine calcium conteijt respectively.. , , 

Urine C. consisted of a^mixturp of exactly equal volumes, of urines A. and 
B. 

Urine D. was prepared by adding, pure dry CaCOg to urine C. to increase 
the calcium content by 4.4 mg percent (500 ml of urine C. plus 54.8 mg CaC03 ) . 

Urine E. contained 400 ml of urine C., 100 ml of isotonic salihe (0;, 9% NaCl) 
and 60 mg of MgS04, „7Ц20(1.2 mg% Mg-)., , ... 

Urine F.- was 500 ml of urine C., 50 ml of isotonic valine,^ ,85. 5, mg of СаСОз 
(6.2 mg Ca per'cent) and 50 mg oxalic acid. . , ; 

Urines D., E.,. and F. contained contaminants (Na, Mg, and oxalate)..which 
might interfere with some of the methods ,u;se.d for chemical estimation, of calcium. 
Although the samples were collected in bottles containing 5 ml of 5N HC1 and 
were acid when dispensed, several workers reported that «orne of the"samples 
.were alkaline at the time of measurement; and the results for these samples 
should be.regarded as doubtful. These figures are bracketed in the tables below. 

From the data on each set of urines, it is possible to derive four values for 
the calcium content of urine C. in addition to that for the direct measurement. 
Thus - . 

« A. + B. . C.. = -—r-r— mg percent 
¿i 

С. = D. - 4.4 " " 

С. = 1.25Е i. ti 

С. = 1. 1 (F. - 6.2) " " 

The f ive values so obtained for urine C. therefore provide an indication of the 
internal consistency of the results reported by each individual laboratory.. They 
also tend to reveal systematic errors as distinct from random ones. 

4. Determination of "true" calcium content of test specimens 

Urines 'A. arid B. were labelled with Ca47 to give about 10 000 cpm when a 
5 ml sample was measured in a well-type scintillation counter. Samples of 
about 10 ml of urine were taken in a 250 ml beaker, an equal volume of aqua 
regia added and the mixture taken to dryness on a hot plate. The boiling with 
aqua regia was repeated several times, followed by two similar treatments with 
conc. HC1. The resulting colourless deposit was finally heated to a dull redness 
for several minutes to decompose any remaining nitrate and dissolved in about 
10 ml of O. IN HC1. 'The clear colourless solution so obtained was passed through 
an Amberlite IRA 400 (CI ) resin column, 10 cm long, 6 mm diameter to remove 
phosphate. The calcium content of this final solution was determined by EDTA 
titration with Murexide indicator. This was multiplied by the recovery factor 
which was deterinined by comparing the activity of the final solution with that of 
an equal volume of the untreated urine. The mean of f ive measurements on urine 
A. gave a figure of 12.4 mg% with an estimated standard deviation of ± 0. 1 mg%. 
The corréspondi'ng figure for'úrine В. was 4.8 mg%. The values for otherurines 
have been derived on the basis of thè accuratëly known dilutions and calcium sup-
plements; in particular, the "true" calcium content of urine C. is thought to be 
8.6 ± 0.2.mg%. • . . 
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5. Results of inter comparisons 

The figures.,reported by.the various laboratories are given-in Table XXIX. 
Some laboratories reported the results of duplicate observations; in these cases 
the mean value is tabulated. In other cases figures obtained by two different 
methods were available and these are presented separately. The identification 
nu,mbers are!randomized and bear :no relationship to the order of listing of par-
ticipants given in "paragraph 2. " : ' ' — - ' : 

; • ,v TABLE XXIX Л I; ; 

REPORTED CALCIUM CONTENT OF,.URINE SAMPLES (mg %) 

Series No. A В С D Е F , Method * * 

í 
(Control) 12.4 4.8 8;6 13.0 6.9 14.0 . See para. 4. 

1 12.9 
•Л. 'f •JU «V о. 

8. 0 16.0 ! 1 

2a 12.3 ,3.7 8.6 13. 1 7.7 - 15.5 2 

•2b 11.9 5.3 8.2 12.4 7 .1 14.0 1 

3 11.9 5.4 7 .2 12.3 6.9- 13.9 3 

5 12.4 5.7 ' 9.3 12.3 ; 8.0 14.1 2 

7. 12.4 6.0 9.6 14.3 7.0 14.6 4 

8a 11.2 5.2 ' '8.2 12.5 6.5 13.3 5 

. . 8b 13.0 6.2, . ,9.6 . - 14.6 7.5 16.1 1 

9 12.0 10. б"" 15. 2"" 6.9 14.7 . 5 

10 * 10.5 ' " ' 5."3~ 8.0 11.7 7.0 13.5 4 

11 13.5 10.6 10.6 17.8 9 .1 15.5 5 
о> * 

12a 11.8 5.5 6.0"" 6.5 7.0 13.5 6 
•л» * 

12b 11.4 5.3 10. о"" 17.6 6.9 13.4 2 

13 11.4 4 .0 ' 
•А» 

1.2-' 10. б"" 6.2 • 13.2 1 

Mean + 12.0 5. 3 8.8 13.4 7. 3 14.4 

Urines alkaline- at time of measurement. Results not-reported or-reported as being unreliable. 
- + Excluding control figures and figures reported as unreliable. 

Methods. 1. Flame photometry 
2. EDTA-Murexide titration, P04 removed by resin column. 
3. " " , " P04 removed by morpholine nitrate precipitation. 
4. Oxalate precipitation followed by EDTA titration or back titration. 

' 5 . " " ' " " by permanganate titration. 

- ' 6. " " 5» by alkali metric titration. - - » 

6. Internal consistency, ,, - : " 

The reported values for Urine C. together with the results derived as in-
dicated in paragraph 3 are presented in Table XXX below. For ease of comparison 
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TABLE XXX 

DIRECT AND DERIVED VALUES FOR URINE C. (8. 6 mg % = 100) 

Series No. C. Direct 

Values derived from: 

Mean. Series No. C. Direct 

A + В D E F 

Mean. 

1 . * - * . * 116 125 -

2a 100 85 101 112 119 103 

2b 95 100 93 103 100 98 

3 101 84 92 . 100 99 95 

5 108 106 92 116 101 105 

7 112 107 115 102 107 109 

8a 95 95 94 94 91 94 

8b 112 112 119 109 127 116 

9 123* * 
107 126* 100 108 -

10 93 92 85 102 93 93 

11 123 141 156 133 119 134 

12a 70 * 100 24* 101 93 -

12b 116* 97 153* 100 92 -

13 84 * 90 72 * 91 91 -

Mean + 104 101 105 105 104 

+ Mean excludes results reported as doubtful. 
* Alkaline urines, results not reported or reported as unreliable. 

these figures are expressed as a percentage of the control value for Urine C. 
( i .e . 8.6 mg% = 100%). 

7. Conclusions 

In the majority of cases the analyses have been carried out by the methods 
used routinely in the various laboratories. It is evident that any of the methods 
used required a high degree of technical skill and it would be difficult on the data 
available to decide whether the observed internal consistencies are inherent in 
the method or are due to personal error . In general, it would appear that it is 
difficult to achieve results which are consistent to within ± 10%, but the first 
series of results from laboratory 8 (Table XXX) indicate that it is in fact possible 
to achieve a relatively high degree of internal consistency even though there is, 
in this case, evidence of a systematic underestimate. 

Some of the urine samples were alkaline at the time of measurement. This 
was not intentional but has served to focus attention on another possible source 
of error . 
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Al l the laboratories who have taken part in this study are carrying out fairly 
intensive work on calcium metabolism and it can be assumed that the standard of 
the analytical work relating to calcium is somewhat higher than the average. It 
is evident that a good deal of additional research is necessary if it is desired to 
measure chemical calcium content of urine with an accuracy of the order of 
± 1-2%. Since most of the laboratories concerned are now using Ca47 it would 
appear desirable for as many laboratories as possible to check their techniques 
with this isotope. A certain amount of work has already been done with Ca45 but 
since it is necessary to carry out a chemical precipitation before this isotope can 
be measured, it is not such a satisfactory isotope as Ca47 for estimating re-
coveries. 

Further interlaboratory comparisons would appear to be valuable. 
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A P P E N D I X II 

AVA ILAB IL ITY OF CALCIUM ISOTOPES 

Ca45 is readily available f rom many suppliers of isotopes. So far as is 
known to the International Atomic Energy Agency, the only commercial sources 
of Ca47 are the Oak Ridge National Laboratory and the Radiochemical Centre. 
Enriched samples of stable calcium isotopes are available f rom the Oak Ridge 
National Laboratory and f rom the Electromagnetic Separation Group, Harwell. 
Quoted below is the most recent information informally made available to the 
Agency on the supply of Ca47 and the stable calcium isotopes. The data should 
be regarded as "subject to change without notice:" 

Ca47 

Isotopes Sales Department 
Isotopes Division 
Oak Ridge National Laboratory 
P . O. Box X 
Oak Ridge, Tenn. , U. S. A. 

"Using the target material now available, the Ca47 products are expected 
to have specific activities > 150 mc/g, and Ca47/Ca45 ratios > 10 : 1 at times of 
shipment. The price of the material is $200/mc, with a minimum order of $ 20 
for lOOpc or less. There is a $ 20 handling charge per shipment. A l l shipments 
are made f. o.b. point of delivery to a common carr ier , transportation collect. 
The shipping dates wil l be as fol lows: 

March 5, 1962 August 27, 1962 
Apr i l 2, 1962 September 24, 1962 
Apr i l 30, 1962 October 22, 1962 
May 28, 1962 November 19, 1962 
June 25, 1962 December 17, 1962 
July . 23, 1962 

A special irradiation wil l be made for any customer if he wil l place an order 
for f ive mil l icuries or more. Should shipment be desired on any of the above 
dates, the purchase order on the required AEC form must be received at least 
three weeks prior to the requested shipping date. Any order not received prior 
to the time specified wil l be shipped on the next scheduled date. If you have any 
questions, please let us know". (Information received: 28 February 1962) 

The Radiochemical Centre 
Amersham, Buckinghamshire, U. K. 

Ca47 is supplied as calcium chloride in steri l ized neutral isotonic saline 
(Radiochemical Centre Code CSS. 1). The Ca45 content is about 2% of the Ca47 

at time of dispensing. Pr ices for typical quantities are: Юдс, £5; 20мс, £ 10; 
100 ус, £35; 500 Me, £125. Batches are prepared at intervals of approximately 
4 weeks for despatch on Wednesdays. We shall be pleased to inform potential 
users of production dates in advance, and to supply fuller information, on re -
quest". (Information received: 12 March 1962) 
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Enriched stable calcium isotopes 

Isotopes Sales Department 
Isotopes Division 
Oak Ridge National Laboratory 
P. O. Box X 

Oak Ridge, Tenn. , U. S. A. 

"The isotopes, in the form of CaCOs, are available as follows: 
Element Price/mg of 

Isotope Enrichment (%) Available (mg) Element 

С a46 0. 46* 4 600 . $ 20. 00 
0. 51* 1 070 20. 00 
0. 55 100 2. 00 
7. 0 20 185. 00 . 

24. 6 36 1 200. 00 

Ca48 7. 5 30 2. 50 
12. 9 114 2. 50 
74. 0 ~ 1 60. 00 
94. 2 265 100.00 
95. 6 40 100. 00 

The two samples marked " * " were prepared by diluting considerably higher 
enriched Ca46 with Ca40, the latter being enriched to > 99%. The price of these 
two samples reflects the cost of the original enrichments of Ca46 and Ca40. It 
may be noted that the Ca46/Ca44 ratio in these samples is relatively high. Ship-
ment can be made within ten days following receipt of an order (on order Form 
AEC-391). Availability of the isotopes is subject to prior sale". (Information 
received: 12 March 1962) 

Electromagnetic Separation Group 
Chemistry Division 
Atomic Energy Research Establishment 
Harwell 
Didcot, Berks., England 

. "We have a very small quantity of Ca46 available at £ 164 per mg. The other 
isotopes are more easily available and should be just as useful. The prices are 

Ca42 £ 13. 18 s. per mg 
Ca43 £30.- £40." " 
Ca44 £ 4.13 s. " " 
Ca48 £55. 7 s. " " 

(Information received: 16 March 1962) 
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