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Previously reported positive calcium balances in
osteoporotic patients during high calcium intake
(1, 2) do not seem attributable to soft tissue depo-
sition (1). If bone is assumed to be the main
deposition site, isotopic studies would indicate
whether bone accretion rate is increased during
positive balance, as inferred from data (3) that did
not include serial accretion studies in any one pa-
tient, or whether bone resorption is decreased.
In vivo studies and the analysis of isolated bone
have shown reduced skeletal retention of isotopes
in man and animals after varying durations of high
calcium intake (4-6), representing the converse of
increased skeletal isotope retention seen with pro-
longed calcium deprivation (7-9). However,
there has as yet been no detailed presentation of
human radiokinetic data obtained during variation
of the calcium intake. The purpose of the present
studies was twofold: a) to correlate with balance
data the radioactive calcium bone accretion rates
determined at intervals after the commencement of
high calcium intake and b) to ascertain the dura-
tion of positive balance during high intake in osteo-
porotic patients.

Methods

Clinical data and protocol. Five male subjects were
studied, of whom three had classical symptoms and find-
ings of advanced osteoporosis with vertebral compres-
sion fractures (B.B., age 62; J.B., age 61; H. S., age
54), one had questionable roentgenographic rarefaction of
bone (P.F., age 53), and one was considered to have
normal bones (C.M., age 42). Patients B.B. and H.S.
had chronic bronchopulmonary disease and emphysema;
patient P.F. had LaEnnec's cirrhosis and an alcoholic his-
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tory. In patients J.B. and C.M., there was no significant
antecedent medical history. All patients had normal se-
rum calcium, phosphorus, alkaline phosphatase, phos-
phorus clearance, tubular reabsorption of phosphorus,
peripheral hematologic examination, and bone marrow
morphology. Urinary excretion of calcium was at high
normal levels in patients H.S., P.F., and C.M., and be-
low 100 mg per day in patients B.B. and J.B. Tests of
intestinal absorption, including D-xylose excretion, trio-
lein-I'3' absorption, and total fecal fat excretion, were
normal in patients B.B. and J.B. Previously reported
studies (2) of high calcium intake in patients B.B. and
H.S. had shown sustained positive calcium balances dur-
ing periods of observation as long as 3 months.

Each of the five patients in the present series under-
went a radiocalcium kinetic study during the control die-
tary periods and a repeat study at 4 to 7 weeks after the
addition of approximately 4 g of calcium to the daily
intake in the form of dicalcium phosphate (CaHPO4).
After an initial 2-month interval of high calcium intake,
patient B.B. was given normal calcium intake for ap-
proximately 4 months, and then was placed on prolonged
continuous metabolic balance on high intake totaling 648
days by July 31, 1964, during which time two more radio-
calcium kinetic studies were performed. Patient J.B.
underwent 84 days of continuous metabolic balance on
high calcium intake followed by 42 days at home on high
intake, followed by continuous balance on high calcium
intake for the next 318 days. During the last phase, two
additional radiocalcium kinetic studies were performed
in patient J.B.

Metabolic methods. The metabolic balance procedures
employed during high calcium intake have been described
in detail elsewhere (2). Urinary and fecal calcium were
determined by modifications of the Fiske-Logan method
(10) or of an ultramicro EDTA titration method using
Cal-red as indicator (11). Fecal calcium and phosphorus
recovery averaged 99 to 101% of standard specimens pre-
pared to simulate those obtained during high calcium in-
take (2). Fecal standards were analyzed with each
batch of specimens. For the two long-term studies in
patients B.B. and J.B., the graphs were plotted in 30-day
periods. Corrections were made for phlebotomy losses of
nitrogen, which were especially large during radiocalcium
kinetic studies.

Radiocalcium methods. The radiocalcium kinetic stud-
ies were done with either calcium' (half-life 164 days)
in doses approximating 2 /Ac or calcium' (half-life 4.7
days) in doses ranging between 14 and 25 psc. In some
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of the early studies, the dose was injected as a 2-hour
intravenous infusion by a Harvard pump,' in order to cal-
culate a rapidly miscible calcium pool (12). In most
patients, the entire dose in a small volume was injected
quickly intravenously, and a 2-hour miscible calcium pool
estimated from extrapolation of the semilogarithmic serum

specific activity curve between the second and third hours.
Blood was drawn at frequent intervals during the first
day and daily thereafter, occasionally twice daily. Cal-
cium4" activity of serum, urine, and fecal calcium was de-
termined by liquid scintillation counting (13) with a

Packard Tri-Carb system. Calcium47 determinations were

done with 4-ml volumes by a Picker gamma spectrometer
and scintillation well detector. To improve the accuracy

of calcium47 counting beyond the tenth day of study, cal-
cium oxalate was precipitated (10) from larger portions
of serum, urine, and feces and redissolved before counting.

Handling of kinetic data. Kinetic computations were

based upon the assumption of a one-compartment homo-

geneous miscible pool, from which radiocalcium is re-

moved either by bone accretion or by excretion. Although
this scheme is only a gross biological approximation, com-

parisons of serial studies in the same patient may still be
meaningful (14). As an internal check, two different
methods of graphical calculation based upon a one-com-

partment calcium pool were employed with the data of
each kinetic study. In the method of Bauer, Carlsson, and
Lindquist (15), the mean specific activity of calcium re-

1 Harvard Apparatus Company, Dover, Mass.

moved from the pool and deposited in bone during any

time interval is obtained by planimetry under the Car-
tesian serum specific activity curve. The basic formula-
tion is:

%dose retained in body at time T = E ST + A T S T dt,

where E is the exchangeable calcium pool in grams, A is
the bone accretion rate in grams per day, and ST is the
serum specific activity at time T as per cent of dose per

gram calcium. The solution for E and A is obtained from
the formulation of two simultaneous equations for two
time points, i.e., at the end of 3 and 7 days. Theoretical
excretion rates in either urine or stool can be further cal.
culated from the expression: U/J| T dt, where U is the

total per cent dose excreted in urine or stool in time T1-

T2. The Bauer Cartesian calculation of accretion rate
was also made for 16 days, with time points at the end of
the seventh and sixteenth days, in order to obtain quali-
tative information about the magnitude of reappearance

of previously accreted isotope, which would be manifested
as a decrease in the 16-day accretion rate. The second
graphical method, which is based upon essentially identi-
cal mathematical assumptions, was adapted from a modi-
fication (16) of the method of Heaney and Whedon (17).
This modification embodies a correction for excess ex-

cretion of isotope during the mixing period. An extrap-
olation was made to time zero of the semilogarithmic
plasma specific activity curve from 4 to 7 days fitting the

TABLE I

Metabolic balance data: short-term studies

Calcium

Regimen Days Intake Urine Fecal Balance

g/day
Patient H.S. 9-25-61

Control: Ca45
2 ,uc, day 25 1-42 1.07 0.26 0.73 +0.08

CaHPO4: Ca45
3juc, day 68 43-81 5.02 0.20 4.24 +0.5F

Control 82-90 1.07 0.13 0.91 +0.03

Patient P.F. 1-11-62
Control: Ca45

2 ,.c, day 9 1-30 0.89 0.27 0.55 +0.07

CaHPO4: Ca45
2 jMc, day 62 31-78 4.86 0.27 3.89 +0.7C

Control 79-90 0.89 0.23 1.13 -0.47

CaHPO4 91-96 4.86 0.30 3.88 +0.68
Control 97-108 0.89 0.23 0.82 -0.16

Patient C.M. 1-31-63
Control: Ca45

4,uc, day9 1-30 0.82 0.21 0.71 -0.10

CaHPO4 31-16 4.77 0.23 4.03 +0.51

CaHPO4-Ca gluconate 61-168 4.77 0.23 4.22 +0.32
Ca47, 18Muc, day 148

Control 169-180 -0.82 0.22 0.92 -0.32
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TABLE II

Metabolic balance data: long-term studies

Calcium

Regimen Days Intake Urine Fecal Balance

giday

Control: Ca45
2 suc, day 8

CaHPO4: Ca45
2 ,sc, day 62

Control
CaHPO4
Control
Off study
Control
CaHPO4
CaHPO4
CaHPO4
CaNPO4
CaHPO4: Ca47

24 ;c, day 656
CaHPO4
CaHPO4: Ca47

16.uc, day 903

Control: Ca47
12.5 uc, day 25

CaHPO4: Ca47
26,uc, day 94

CaHPO4: at home
CaHPO4
CaHPO4: Ca47

26 /c, day 289
CaHPO4: Ca47

20juc, day 430

1-30

31-78

79-90
91-102

103-114
115-259
260-289
290-409
410-529
530-571
572-613
614-739

740-859
860-937

1-42

43-126

127-168
169-270
271-390

391-486

Patient B.B. 1-5-62
0.87

4.83

0.87
4.83
0.87

0.91
4.86
4.86
4.86
4.86
4.80

4.73
4.74

Patient J.B. 3-26-63
0.86

4.82

0.07

0.09

0.06
0.09
0.07

0.14
0.14
0.16
0.18
0.14
0.15

0.16
0.16

0.05

0.06

Approximate Ca intake, 4.20 g
4.83 0.05 4.28
4.71

4.70

0.05

0.06

line to the points by eye. The equation used was: A =

kE - (U + F), where A = accretion rate, k = turnover
constant (= 0.693/ti), E = exchangeable pool, and (U +
F) = calculated urinary and endogenous fecal excretion
rates. Since the Cartesian and semilogarithmic methods
were generally in close agreement, i.e., differences in com-

puted accretion rates were usually less than 10%, the
arithmetic mean values for all parameters were tabulated.
As a means of comparative evaluation, our methods of
computation were applied to radiokinetic data from two
of Dymling's patients (18) and to the normal reference
standard of Heaney and associates (19). These results
are listed at the bottom of Table III. Accretion rates and
exchangeable pools that we computed from Dymling's data
were comparable to those individually calculated by sev-

eral investigators, as tabulated by Dymling (18). With
respect to serial determinations of accretion rate in the
same patient, the analysis of sequential studies suggests

that reproducibility is probably within + 16% (+ 2 SD)
(20).

Calculation of intestinal absorption. After averaging
the endogenous fecal excretion rate computed by both
graphical methods, per cent absorption of intake was cal-
culated from the formula: % absorption = (I - IL.) /,

where I = Ca intake per day, and Iu = unabsorbed intake
= fecal calcium excretion - endogenous fecal calcium
(21).

Results

Metabolic balance data. Tables I and II present.
the calcium balances for the five patients. During
the initial intervals of high calcium intake, all pa-
tients sustained strongly positive calcium balances.
In all patients, the actual phosphorus retention and

0.83

4.36

0.88
4.50
0.79

0.75
4.46
4.11
3.88
4.39
4.22

4.47
4.42

-0.03

+0.38

-0.07
+0.24
+0.01

+0.02
+0.26
+0.59
+0.80
+0.33
+0.43

+0.10
+0.16

-0.07

+0.65

+0.50
+0.19

+0.12

0.88

4.11

4.47

4.52
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B.B. M-62 OSTEOPOROSIS 1/5/62
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I CALCIUM BALANCEAoI

Gm.
Day
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FIG. 1. METABOLIC BALANCEDATA IN PATIENT B.B., A 62-YEAR-OLD OSTEOPOROTICMALE. The
short- and long-term studies were separated by a 145-day interval of normal calcium intake.
On day 91 of the short-term study, 29 days after the second Ca" injection, high calcium intake
was reinstituted for 12 days in order to see whether suppression of radiocalcium outflow from
previously labeled bone would reduce specific activity. The specific activity curve was not
altered by this maneuver, continuing to oscillate in the range of 0.4 to 0.8%o dose per g calcium.

theoretical phosphorus retention based on calcium
and nitrogen balances were in relatively good
agreement. These data are depicted graphically
for patients B.B. (Figure 1) and J.B. (Figure 2).
With continuance of high calcium intake in pa-

tients B.B. and J.B., there occurred a gradual re-

duction of positive calcium balance. Patient BB.

(Table II, Figure 1) showed a decline of positive
calcium balance to + 0.10 g per day during days
740 to 859, and + 0.16 g per day during days
860 to 937. Patient J.B. (Table II, Figure 2)
showed a decline of positive balance to + 0.19 g
per day during days 271 to 390, and to + 0.12 g
per day during days 391 to 486. Allowing for

I.V. Ca47 $ I.V. Ca47 t
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slight losses of calcium output in sweat,2 on toilet
paper,3 and in the transfer of fecal specimens from
steel containers, and for slight losses of calcium in-
take on dinnerware and glasses, our estimates of
the total unmeasured loss at 5 g daily calcium
intake ranged from 100 to 150 mg per day, which
would be registered as positive calcium balance of
the magnitude observed in these two patients dur-
ing the latter days of their studies. It would there-
fore appear that patients B.B. and J.B. came into
calcium balance after prolonged high calcium
intake.

Bone accretion rates, calcium balance, and ex-
changeable calcium during short-term high intake.
Tables III and IV present the kinetic data for the
five patients, correlated with the observed calcium
balances and calculated calcium absorptions at the
time of the radioisotope studies. Figures 3, 4, and
5 show the serum specific activity curves for all the
studies. In all five patients, there did not seem to
be a significant change in the bone accretion rates
or exchangeable pools after 4 to 7 weeks of high
calcium intake, despite significantly positive cal-
cium balances. The 16-day total isotope excretion
in urine and stool also did not significantly change
during the short-term studies. Only one patient,
B.B., showed a definite increase in 24-hour urinary
calcium excretion. There was relatively good
agreement throughout of the observed urinary cal-
cium with the theoretical urinary calcium calcu-
lated from isotope data, confirming the accuracy
of chemical and isotopic techniques. In four of the
five short-term high calcium intake studies, the
positive balance achieved was numerically very
close to the computed accretion rate. In none of
the short-term studies did the positive balance sig-
nificantly exceed the accretion rate.

Effect of prolonged high calcium intake upon
accretion rates. In patients B.B. and J.B., repeat
kinetic studies performed at 1 year and 8 months
respectively after commencement of high calcium
intake showed sharp falls in the accretion rates
and a large increase in the total per cent dose ex-
creted over 16 days (Table IV). These findings
were confirmed by further kinetic studies in pa-
tients B.B. and J.B. at 20 months and 12.7 months,

2 Sensible sweating was minimized by air conditioning
in summer and thermostatic radiator regulation in winter.

3 Toilet paper losses averaged 10 to 50 mg calcium per
day and were disregarded in plotting the balance data.

JB. M-61 OSTEOPOROSIS 3/26/63

I ~ CaH4- 34Gm. Ca/Day

V. C47 I I I.V.Ca4T I LV. Ca47 I I.V. Ca47

CALCIUM BALANCE

50SERUM PCOSPHOUS

1ALKALINE PHOSPHATASE
UWNIRTS A@ Ni/ . .\~
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Day
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Day

NITROGEN BALANCE
ci
21
61
81
101
14-~ ~ FCAL NPHLEBS

3Q DAY PERIODS

FIG. 2. METABOLIC BALANCEDATA IN PATIENT J.B., A

61-YEAR-OLD OSTEOPOROTICMALE. In the interval indicated
during the fifth and sixth 30-day periods, the patient had
a total intake of approximately 4.2 g calcium at home, ef-
fected by CaHPO4 supplementation provided in serially
numbered weighed packets. By the ninth 30-day period
of the long-term study, positive calcium balance had
markedly diminished and, despite fluctuations, continued
to decrease as the study progressed.

respectively, after starting high calcium intake.
The accretion rates were approximately halved,
and the per cent dose excreted increased to ap-

proximately 150%o of the control values. In both
patients, the decreases in accretion rates were ac-

companied by marked decreases in the positive cal-
cium balances. In only one instance, patient B.B.,
on October 23, 1963, after 1 year of high intake,
the accretion rate of 0.21 g per day was sub-
stantially exceeded by the observed positive cal-
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B.B. M-62

80O

40t

:I

a
C.)
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w
Cl)

OSTEOPOROSIS

y
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(%D/g) k
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13.5 0.115

10/22/63 17.8 0.1166-

4-
3-
2- " CaLOAD

Ca47
6/25/64 18.5 0.1421.'2' 4 6' '8 10' 12' '14' 16' '18' '20 '2'

DAYS

FIG. 3. SERUMSPECIFIC ACTIVITY CURVES IN PATIENT B.B. BEFORE AND DURING PRO-
LONGEDHIGH CALCIUM INTAKE. Four- to 7-day slopes are indicated, fitted to the point
by inspection. k values represent turnover constants (0.693/ti).

cium balance of + 0.75 g per day for the first 30
days following the isotope injection, a discrepancy
probably due to irregular stool output and to a
larger than usual systematic balance error.

Effect of long-term high calcium intake upon
slowly and rapidly exchangeable calcium pools.
As with short-term high calcium intake, the values
for the slowly exchangeable pool, E, showed no
consistent alterations. In successive studies, how-
ever, there appeared to be a definite increase in the
serum specific activity measured at 15 minutes
after isotope injection, indicating a decrease in the
size of the 15-minute distribution space (Table
IV). If the two initial continuous infusion stud-
ies in patient B.B. are disregarded, the 15-minute
serum specific activities after 1 year and 20 months
of high intake were 58.1 and 71.2% dose per g,
respectively. In patient J.B., the 15-minute se-

rum specific activities in the first and fourth studies
were 65.4 and 87.8%o dose per g respectively, as-
sociated with a corresponding fall in the 2-hour
exchangeable calcium (E2h) from 1.9 to 1.4 g.
Since there is evidence that the 15-minute and
2-hour distribution spaces include some part of
bone (12, 14), diminution of this space under
conditions of sustained calcium storage would im-
ply a progressive saturation of rapidly exchange-
able osseous or extraosseous compartments or of
both.

Endogenous fecal calcium excretion and intesti-
nal absorption. In three of the five patients (B.B.,
J.B., and P.F.,) there appeared to be an increase in
endogenous fecal calcium on high intake. In all
patients, per cent absorption showed substantial
declines on high intake, with only transient fluctu-
ations upwards in patients B.B. and J.B.
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Patterns of urinary and fecal radiocalcium ex-
cretion. The partition of radiocalcium excretion

-between urine and stool seemed to be characteristic
for each patient. As expected, higher urinary cal-
cium excretion was associated with greater isotope
excretion by this route. B.B. and J.B. excreted
only 27%o and 18%o, respectively, of the radiocal-
cium dose via the urinary route in 16 days,
whereas H.S. excreted 69%o in the urine. Thus,
the use of only urinary isotope excretion to ap-
proximate bone accretion rates can be errone-
ous in patients in whom the excretion route
is primarily fecal. During the long-term high in-
take studies, as the serial kinetic data showed in-
creasing total isotope excretion, the route chosen
to excrete the increment depended partly upon
whether the urinary calcium increased during high
intake. In patient B.B. an increased urinary cal-
cium was reflected in increased excretion of radio-

calcium by the urinary route as well as the fecal
route. In patient J.B., whose urinary calcium did
not increase during high intake, the increment in
radiocalcium excretion was essentially via the fe-
cal route.

Configuration of serum specific activity curves
and comparison of 7-day and 16-day accretion
rates. Our families of semilogarithmic curves
(Figures 3 to 5) did not consistently manifest sud-
den change of slope or break in the curve at any
specific time, although the construction of a 4- to
7-day slope line occasionally gave this optical im-
pression. In most cases, there appeared to be a
gradual, continuous shallowing of slope up to the
end of the studies (generally not longer than 22
days). Furthermore, after 7 days, as serum spe-
cific activity values became very low, erratic fluc-
tuations of values appeared, probably due to ran-
dom technical variation. In four of the five control

J.B. M- 61 OSTEOPOROSIS
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kinetic studies herein reported, the 16-day accre-

tion rates computed by the Bauer Cartesian method
were somewhat lower than the 7-day rates. In
seven of nine kinetic studies during high calcium
intake, the 16-day accretion rate remained pro-

portionately lower than the 7-day rate, suggesting
that the process responsible for the difference was

not grossly affected by high calcium intake. Using
a computational system modified from that of
Bauer, Marshall has shown that in any one study,
the instantaneous accretion rate diminishes with
time, and the exchangeable calcium pool value in-
creases with time in linear power function (log-
log) relationships (22). Therefore, the arbitrary
selection of the first identifiable prolonged expo-

nential component, for instance from 4 to 7 days,

provides a comparatively maximal estimate of total
calcium inflow into relatively nonexchangeable
bone from the relatively exchangeable space of the
one-compartment model. The attribution of shal-
lower slope beyond 7 to 10 days to reappearance
of previously accreted isotope is based on experi-
mental data involving simultaneous kinetic study
of strontium85 and calcium45 (14, 17), upon data
from an in vitro system suggesting the occurrence
of reverse exchange (23), and upon external
scanning of cancellous bone (20). The fact that
the later portion of the specific activity curve also
appears to be a relatively-smooth multiexponential
function probably indicates the existence of multi-
pIe slow exchange and resorptive processes that
cannot be individually quantitated by use of the
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one-compartment model. Furthermore, experi-
mental confirmation by direct sampling of bone
and soft tissue compartments is lacking for numer-
ous proposed multicompartmental model systems.
It would therefore seem that the identification and
statistical analysis of the 7- to 10-day slope in 10-
day studies as an "isotopic resorption index" (24)
is not biologically verifiable at present.

Clinical and roentgenographic findings. After
relatively short periods of high calcium intake in
the five patients, there appeared to be neither sig-
nificant change in clinical symptomatology nor
gross radiologic change. Of the two patients who
were on prolonged high calcium intake, one, B.B.,
showed no changes in the serial roentgenograms
of bones from November 1959 to September 1964.
However, although there appeared to be no obvi-
ous increase in gross bony density, there was also
no evidence of further progression of osteoporosis.
Clinically, this patient continued to have backache
intermittently. The second patient, J.B., during
the interval between December 1962 and Sep-
tember 1964, seemed to manifest a suggestive in-
crease in the radiologic density of the cortical end
plates in the thoracic and lumbar vertebrae as
compared with the vertebral bodies. Nordin (25)
claims to have seen this radiologic change after
protracted high calcium intake. The remainder
of the bones in patient J.B. appeared unchanged.
Patients B.B. and J.B. both had areas of aortic
calcification in the initial roentgenograms, which
did not grossly change after high calcium intake.
Of considerable interest in patient B.B. was the ap-
pearance on abdominal films taken in January
1965 of gallstones outlined by calcific rims, which
had not been visible 1 year previously. By that
time, the patient had been consuming a high cal-
cium intake on a metabolic balance regimen for
822 days.

Discussion

During our short-term studies of high calcium
intake, in which the accretion rates did not in-
crease, substantial positive calcium balapces were
observed, apparently indicating inhibition of bone
calcium outflow. This conclusion agrees with
preliminary data obtained in humans after equili-
bration during continuous feeding of calcium45
(26). During high calcium intake, plasma or uri-
nary specific activity, which would normally be

diluted by calcium outflow from unlabeled bone,
increases, indicating inhibition of unlabeled cal-
cium outflow. Although high calcium intake ap-
pears to reduce the increased bone resorptive ac-
tivity of calcium-deficient adult cats (27), it is
not yet clear how much of the depression of cal-
cium outflow in our patients can be attributed to
resorption-inhibition.

Biological implications of kinetic analysis. The
interpretation of outflow inhibition involves the
discrimination of diffuse inflow-outflow processes
that appear to be responsible for about one-half
the measured total inflow-outflow rate, as esti-
mated by quantitative radioautography of bone
(28) and by the comparison of radiocalcium up-
take by bone with new bone formation determined
by the tetracycline-labeling method (29). The is-
sue is unresolved as to whether the diffuse proc-
ess is simply long-term ion exchange (28, 30) or
biologically controlled, or both, except during ac-
tive growth in young animals, where the total
radiocalcium inflow is shunted largely into bone
formation (31). The least restrictive formulation
would state:

Bone calcium balance = calcium inflow - cal-
cium outflow = (diffuse inflow + bone-form-
ing inflow) -(diffuse outflow + resorbing
outflow).

Inhibition of calcium outflow would imply inhibi-
tion of resorption only if the resorptive outflow
component were specifically inhibited. The mag-
nitude of resorption inhibition would therefore
depend upon the presently unknown quantitative
ratio of diffuse and resorptive outflow components
in any individual patient.

From the above formulation, it can be deduced
that a patient in calcium balance with a high ac-
cretion or inflow rate will have, by definition, an
equally high calcium outflow rate. If high calcium
intake produces positive balance by inhibiting cal-
cium outflow without initially affecting accretion,
a patient with high accretion rate should be capable
of greater positivity of balance than a patient with
low accretion rate, a correlation observed by
others (3, 32) in individual patients on high cal-
cium intake. The observed radiocalcium accretion
rates would therefore place a theoretical ceiling
upon the magnitude of positive balance obtainable
by total outflow inhibition.
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Interpretation of reduced accretion rate with
prolonged high calcium intake; coupling of bone
formation and resorption. Reduction of bone for-
mation rate by inhibition of resorption in the hu-
man is suggested by the lowering of radiocalcium
accretion rates to 0.30 g per day and 0.24 g per

day in patients B.B. and J.B. after prolonged high
calcium intake, a phenomenon also observed by
Lutwak (6). High calcium intake has also been
reported to lower the elevated radiocalcium ac-

cretion rates of human vitamin D-resistant rickets
(33). All of these experimental situations may

reflect the close biological coupling of bone re-

sorption and bone formation, first clearly de-
scribed by Albright (34), anatomically deline-
ated by Sissons (35), and conceptually inte-
grated by Frost into the "remodelling rate"
(36). Additional interpretations of our accretion
rate findings, both initially and after sustained high
calcium intake, might invoke the presence of cal-
cium-deficient hydroxyapatites (9) or hydroxy-
apatite-deficient bone in osteoporosis (27), with
progressive saturation of bone calcium content.

There is as yet no documentation of the presence

of calcium-deficient apatite in human osteoporosis
although the storage of calcium without propor-

tionate storage of phosphorus has been observed
(2, 24). Although markedly decreased ash con-

tent per unit of medullary vertebral volume has
been demonstrated in senile osteoporosis, the iso-
lated trabecular bone had either normal or in-
creased ash content and normal organic content
(37). Since normal bone is not totally calcium
saturated, a more likely explanation than those ad-
vanced, in the same vein, would postulate the ca-

pacity for further secondary mineralization, as sug-

gested by the ability of patients with normal bone,
e.g., patient C.M., to retain calcium on high cal-
cium intake (2, 3). In this situation a declining
accretion rate would imply inadequate formation
of new unsaturated bone to maintain the initial
accretion rate, resulting in the establishment of a

new radiokinetic equilibrium level at a higher level
of calcium saturation.

Mechanisms and significance of resorption inhi-
bition. The postulated inhibitory effect of high
calcium intake upon resorption may be reciprocally
related to the observed parathyroid dependence of
bone rarefaction in calcium-deprived growing rats
(38) and may merely represent a state of induced

parathyroid suppression. This supposition may be
supported by the fact that the accretion rates in pa-
tients B.B. and J.B. after prolonged high calcium
intake were comparable to those reported by nu-
merous investigators in hypoparathyroid patients.
As observed with high calcium intake, the anti-
resorptive action of estrogen (39, 40) does not
seem initially to change the radiokinetic accretion
rates (24, 41), but long-term estrogen or androgen
therapy has resulted in declining accretion rates
(24, 42). If declining accretion rates with high
calcium intake or estrogen therapy signify reduced
bone formation, it is possible to explain the gradual
reduction of positive balance observed in our two
long-term patients and in long-term studies by
other investigators (43, 44), as well as the failure
of bones to recalcify during estrogen or calcium
therapy of established osteoporosis. From a thera-
peutic standpoint, however, one cannot totally ex-
clude the possibility of clinical benefit from inhibi-
tion of the relatively excessive bone resorption
thought to characterize osteoporosis (27, 45, 46).

Summary

1. Radiocalcium accretion rates in five patients,
of whom three had advanced osteoporosis, showed
no significant change during the first 1 or 2 months
of positive calcium balance induced by high cal-
cium intake. The data of a short-term study in
one patient with normal bone were qualitatively
similar to those of the osteoporotic patients.

2. In two patients with advanced osteoporosis
who were on sustained high calcium intake for as
long as 20 months, the 7-day radiocalcium accre-
tion rates declined to about 50 to 60% of the con-
trol values, and the total 16-day radioisotope ex-
cretion increased to about 150% of the control
values.

3. Declining accretion rates in these two patients
were associated with substantial declines in posi-
tive calcium balance. If we allow for small un-
measured losses at 5-g calcium intake levels, the
patients appeared to arrive at approximate calcium
balance.

4. In these two patients, the 15-minute serum
specific activity value appeared to increase pro-
gressively in serial studies during high calcium
intake. In one patient, the 2-hour miscible cal-
cium pool successively diminished, suggesting
previous filling (saturation) by high calcium in-
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take of osseous or extraosseous components of
this compartment or of both. There were no con-
sistent alterations of the slowly exchangeable cal-
cium pool.

5. Inspection of semilogarithmically plotted se-
rum specific activity curves of up to 22 days dura-
tion did not disclose consistent evidence of sudden
change of slope at any point in time. In general,
there appeared to be progressive shallowing of
slope with time, probably due to multiple slow ex-
change and resorptive processes. The shapes of
the curves did not seem to be grossly altered by
high calcium intake.

6. The mechanism of positive balance during
high calcium intake appears to involve suppression
of bone calcium outflow, probably including in-
hibition of the bone-resorptive component of cal-
cium outflow, perhaps effected by parathyroid
gland suppression. The reduction of accretion
rates with sustained high calcium intake may re-
flect in part a cybernetic coupling of bone forma-
tion and bone resorption.

7. There were no unequivocal clinical or gross
radiological changes in these patients associated
with high calcium intake, but osteoporosis did not
seem to progress during the two long-term studies.
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