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A comparison has been made of measure-
ments of bone calcium content of 71 individuals
by both x-ray photodensitometry of the radius
and in vivo neutron-activation analysis (IVNAA)
of the trunk and upper thighs. A good corre-
lation (r = 0.76) is found between results of
measurements by the two methods though there
is wide scatter about the regression line.
Twenty-seven patients have been measured se-
quentially by both techniques to assess changes
in bone mineral. Again there is reasonable
agreement in the majority (21/27) of cases
and there are marked discrepancies in only
three cases. It appears that IVNAA measure-
ments on the trunk may show changes in cal-
cium status more quickly than do photodensi-
tometric measurements of the radius.

The technique of in vivo neutron-activation analy-
sis (IVNAA) allows for the first time quantitative
measurements of changes in bone calcium of the
total or a large portion of the total body (1-5). The
radiologic skeletal surveys sometimes used for this
purpose are inaccurate in that changes in bone cal-
cium up to 30% or 40% may not be detected.
Quantitative measurements of bone mineral content
based on x-ray (6) or gamma-ray (7,8) absorption
are considered to be much more accurate but such
techniques examine only a small part of one bone
which may not be representative of changes in the
total skeleton.

The present report concerns an evaluation of bone
calcium measurements both by IVNAA and x-ray
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photodensitometry. At the University of Toronto,
bone calcium measurements have been made on
71 subjects by both these methods. Subjects studied
include normal subjects and patients suffering from
osteoporosis, osteomalacia, and renal osteodystro-
phy. Twenty-seven of these patients have been meas-
ured sequentially over periods from 3 to 17 months
to assess changes in bone mineral as a result of
progression of disease or response to therapy.

METHOD

The IVNAA technique utilizes the fact that natu-
ral calcium contains 0.18% of the isotope ‘*Ca (i.e.,
about 1.8 gm of **Ca in the total body). When
exposed to thermal neutrons, ‘Ca may be con-
verted to radioactive **Ca which decays with a radio-
active half-life of 8.8 min to *"Sc, emitting a 3.1-
MeV gamma ray. This gamma ray can be measured
with a whole-body counter. The measured amount
of #*Ca is then proportional to the amount of calcium
exposed to the neutron flux.

The IVNAA facility at the University of Toronto
has been reported elsewhere (5,9). Briefly, the sub-
jects are exposed for a 20-min period to 12 sources
(5 Ci Pu-Be) positioned above and below the trunk
and 12 cm from the surface of the body. The in-
duced *°Ca radioactivity is measured in a whole-
body counter for a 20-min period starting 3 min
after the end of the irradiation. The four Nal crystals
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in the whole-body counter are each of 8-in. diam
and 4 in. in thickness and they are positioned above
and below over the area of irradiation.

The reproducibility of our IVNAA measurements
based on sequential measurements in 15 normal
volunteers is +6.6% (1 s.d.) (5). The **Ca count
obtained by our procedure will not provide an abso-
lute value for total-bone calcium without appropriate
corrections for body size and thickness. The +Ca
count obtained is dependent on body thickness; both
the mean thermal neutron flux and the *’Ca gamma-
counting efficiency decrease proportionately with in-
creasing body thickness. Based on phantom studies
reported elsewhere (10), corrections for variations in
body thickness may be made based on a 5% de-
crease in *°Ca count with each centimeter increase
in body thickness. These corrections in the Ca count
are probably reliable to within *=1% /cm body
thickness. With respect to body size, it should be
noted that the calcium count comes from a fixed
area of 60 X 30 cm covering the trunk and upper
thighs and therefore is the result of the irradiation
of somewhere between one-half and one-third of
the total-body calcium depending upon the subject’s
height. To obtain a measure of total calcium requires
a correction for body size; in this paper this particu-
lar correction is not applied, comparison throughout
being made in terms of calcium count corrected for
variations in efficiency dependent on body thickness
as noted above.

The technique of bone mineral measurements by
x-ray photodensitometry has been reported elsewhere
(6,11). The test provides a measurement of the
mass of bone mineral (M) expressed as mineral
thickness in mg/cm? through the full thickness of
bone at the proximal one-third of the radius, (i.e.,
the mass of a 1-cm2 column of bone taken through
a diameter of the radius). During the procedure, the
arm is immersed in water, which compensates for
patient-to-patient variation in soft-tissue thickness.
Thus, no corrections as outlined for the IVNAA
work are necessary with the x-ray measurements.
The reproducibility of measurements on a human
radius embedded in plastic is about 3% ; the over-
all error based on the measurement by two film read-
ers of two measurements each on 31 individuals is
5% (1s.d.) (6).

SELECTION OF SUBJECTS

The control subjects were normal volunteers con-
sisting of five men, 34-50 years in age, and eight
women, 45-75 years in age (mean 60).

The osteoporotic subjects consisted of nine men
and four women all suffering from bone mineral loss
and vertebral compression fractures but who all had
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normal serum calcium and phosphorus. Two of these
subjects (Cases 15 and 16 in Table 1) were studied
both before treatment and at intervals up to 14 and
6 months, respectively, on treatment—some data on
these two have been reported previously (5).

Thirty-seven patients suffered from renal failure
and were on hemodialysis. Either by radiologic as-
sessment or by examination of bone biopsies, all
subjects demonstrated some degree of renal osteo-
dystrophy. Twenty-three of these patients were stud-
ied while on hemodialysis at intervals ranging from
3 to 17 months (average 9 months).

Two subjects who suffered from osteomalacia
were studied before and at intervals up to 9 and
24 months on treatment (Cases 67 and 24 in Table
1). Case 24 was a 19-year-old boy with vitamin
D-dependent rickets; some data have been reported
on him previously (5). Case 67 had multiple rib
fractures associated with the osteomalacia. In addi-
tion, two patients with osteomalacia were studied
once before treatment.

Bone mineral measurements were also carried out
in one woman with adult osteopetrosis and three
patients who were investigated but proved to have
no metabolic bone disease.

RESULTS

A comparison of the partial-body bone calcium
measurements by IVNAA with photodensitometric
measurements of bone mineral content in the radius
for all 71 subjects is shown in Fig. 1. A good cor-
relation is obtained (r = 0.76, p < 0.01%) al-
though there is a wide scatter around the regression
line. For example, different individuals with the same
bone mineral mass value (M) by x-ray photodensi-
tometry can differ by a factor of 2 in their IVNAA
count, and vice versa.

Comparisons of the bone mineral measurements
between normal, osteoporotic, and osteomalacic sub-
jects are shown for men (Fig. 2) and for women
(Fig. 3)—the line drawn is the regression line for all
the data (Fig. 1). It will be noted that, in the case
of the men, the IVNAA values show a separation
between the normal subjects and the patients with
metabolic bone disease; there is, however, overlap
of M values between these two groups. In the case
of the women, IVNAA measurements give a poor
separation between normal and abnormal subjects
whereas the M values give a complete overlap for
these 13 subjects. It should be noted however that
these results are for a small number of persons—
this is looked into further in the Discussion.

Results of repeat measurements of bone mineral
by x-ray photodensitometry and by IVNAA are
shown in Fig. 4. Sixteen of the 27 patients showed
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no change (less than 10%) in bone mineral by
either measurement. These 16 will not be discussed
further. The remaining 11 patients (Table 1) showed
changes of greater than 10% by at least one method.
Five of these (Cases 32, 27, 33, 6, and 24) showed
qualitatively similar increases in bone mineral by
both techniques. In six patients (Cases 67, 15, 16,
13, 34, and 35) significant discrepancies between
the two sets of results were observed. These six will
be discussed individually.

In Case 67, the osteomalacic subject with multi-
ple rib fractures, there was radiologic evidence of
callus formation at the site of the fractures within
1 month of the onset of treatment. This evidence was
reflected by the IVNAA measurements whereas pho-
todensitometric measurements of the radius showed
slight decrease in mineral content. For comparison,
the other osteomalacic subject, Case 24, was a 19-
year-old boy who still had open epiphyseal plates.
During treatment, he continued to grow and an ob-

TABLE 1. 11 PATIENTS SHOWING CHANGES OF GREATER THAN 10% IN BONE MINERAL
MEASUREMENT BY IVNAA AND X-RAY PHOTODENSITOMETRY*
Months IVNAA Mineral mass
on
Case treat- “Ca
No. Sex Age Diagnosis Treatment ment counts % mg/cm? %
32 M 50 Renal failure HD* 0 946 100 815 100
3 1003 106 761 93
1 1060 112 860 106
27 M 25 Renal failure HD* 0 866 100 71 100
5 701 99
9 979 13 832 nz
33 M 47 Renal failure HD* 0 970 100 835 100
5 1064 110 830 99
13 1147 18 928 m
6 M 37 Renal failure HD* 0 879 100 677 100
D>—50,000 1.U./day 5 965 110 —_ —_
12 122 128 773 15
24 M 19 Osteomalacia Ds—100,000 I.U./day ] 310 100 340 100
6 586 189 —_ —
12 687 220 477 140
24 823 265 724 213
67 M 74 Osteomalacia Ds—200,000 1.U./day 0 734 100 785 100
Ca—2 gm/day 2 71 132 — —
P—4 gm/day 4 1012 138 — —
9 1045 142 731 93
15 F 62 Osteoporosis DCP+—4 gm/day 0 491 100 375 100
D2—50,000 1.U./week 3 543 m — —
Hydrochlorothiazide—100 mg/day 9 532 109 — —
12 507 103 — _
14 579 18 265 71
16 M 55 Osteoporosis DCPt—4 gm/day 0 807 100 517 100
Methy! testosterone—20 mg/day 3 872 108 — —
Ethinyl estradiol—0.5 mg/2 doys 6 996 123 530 106
13 M 33 Renal failure HD* 0 807 100 545 100
D:—150,000 1.U./day 5 808 100 —_ —_
10 973 2 — —_
15 1069 132 519 95
34 M 47 Renal failure HD* 0 697 100 504 100
4 906 130 531 105
n —_ —_ 567 12
35 F 25 Renal failure HD* 0 687 100 341 100
DHT—1 mg/day?} 4 674 99 385 13
9 581 85 333 98
* All renal failure subjects were on h dialysis (HD) before and throughout the period of measurements. In subjects whose
only treatment is hemodialysis, months on treatment — months since start of measurements.
1 DCP, Dicalcium phosphate.
$ Dihydrotachysterol (DHT): Before and throughout study.
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FIG. 2. Comparison of calcium measurements of IYNAA and
x-ray photodensitometry for group of male subjects who are either
normal (@) or who have osteoporosis (O) or osteomalacia ([J).
Line drawn is regression line from Fig. 1.
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FIG. 3. Comparison of calcium measurements of IVNAA and
x-ray densitometry for group of female subjects who are either
normal (@) or who have osteoporosis (O) or osteomalacia ([J).
Line drawn is regression line from Fig. 1.
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vious increase in both cortical thickness and trabecu-
lar bone was apparent by ordinary radiography. A
marked increase in bone mineral was observed by
both IVNAA and x-ray photodensitometry. It may
be noted that the bone calcium results doubled in
12 months by the IVNAA technique and in 24
months by the photodensitometry method.

Neither of the two osteoporotic subjects (Cases
15 and 16) showed change by routine skeletal radi-
ography. The discrepancy between the IVNAA re-
sults and those from the radius is unresolved.

The other three subjects had renal failure and
were on hemodialysis. In Case 13, the skeletal x-rays
showed that the patient had renal osteodystrophy
progressive over 6 months prior to this study. At
the beginning of the study he was put on vitamin D
and during the subsequent 15 months the alkaline
phosphatase fell from 525 to 35 I.U. (the normal
value is less than 80). The IVNAA results showed
an increase in calcium count while x-ray photoden-
sitometry results showed no significant change. Case
34 had no treatment apart from hemodialysis. Skele-
tal radiography of the hands showed an improve-
ment in renal osteodystrophy over a period of 15
months starting 4 months before the present study;
subperiosteal resorption decreased from moderately
severe to nondetectable levels. The IVNAA data
showed a significant increase of 32% in calcium
counts over 4 months whereas photodensitometry
showed an increase of only 5%. However, in the
following 7 months a further 6% increase in bone
mineral mass was found by x-ray photodensitometry.
Another patient (Case 35) had suffered from severe
renal osteodystrophy for at least 3 years prior to
the present study. This had been shown by skeletal
radiography. X-ray photodensitometry had shown a
fall in bone mineral by 40% in these 3 years. Dihy-
drotachysterol therapy was commenced 2 years prior
to this study and continued throughout it. The x-ray
densitometry showed no real change over the 9
months of the study whereas the IVNAA showed a
fall in calcium counts. Thus, the discrepancies in
Cases 34 and 35 are more apparent than real as both
methods showed a similar trend although not exactly
during the same time periods.

DISCUSSION

Despite the fact that measurements by the two
techniques used studied different parts of the body,
the determinations of bone mineral by IVNAA cor-
relate moderately well with measurements by x-ray
photodensitomery, i.e., the mineral mass in a small
area of peripheral bone in general reflects the min-
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eral content in the large area of the central skeleton.*
Good correlations have also been reported between
total-body calcium by IVNAA and gamma densi-
tometry of the radius (12,13).

Although in the present work the correlation
overall is good, there is a wide scatter around the
regression line of Fig. 1. Figures 2 and 3 show data
separated by sex for normal subjects and for pa-
tients with osteoporosis or osteomalacia. These fig-
ures show scatter around the regression line for each
subgroup similar to that shown by the total data and
indicate that the wide scatter of Fig. 1 is not solely
because we are dealing with a mixture of normal
subjects and patients with metabolic bone disease.

In part, this scatter is certainly due to the com-
bined effect of the inherent errors of both methods.
But variation in bone structure itself from area to
area must also contribute to the scatter. This clearly
follows from the findings of Horsman, et al (14)
who correlated weights of different bones in 23 male
skeletons and found, e.g.,, a correlation coefficient
of 0.70 between the weight of the third lumbar ver-
tebra and the radius, a figure not dissimilar to that
of 0.76 found in this study between the radius and
the trunk.

The apparently good separation between normal
and abnormal subjects by IVNAA (Figs. 2 and 3),
especially in men, should be interpreted with some
reservation. Results on the small number of subjects
reported here do not provide a true estimate of the
normal ranges. Results of IVNAA measurements on
a larger series of both normal and osteoporotic sub-
jects (not reported here because densitometry meas-
urements were not carried out) show that before
frame size is taken into account there is significant
overlap between normal and abnormal subjects, par-
ticularly for postmenopausal women, in agreement
with results reported by x-ray and gamma-ray den-
sitometry (7,15).

In the majority of patients (21 of 27), there is a
reasonable agreement between the two methods of
measuring sequential changes in bone calcium (Fig.
4) but in a few (6/27) there are discrepancies;
these, however, are marked only in three cases (67,

* It may be noted that from the photodensitometry a
measure of bone mineral (M*) has been derived in terms
of mg/cm, taking into account the total-bone diameter and
the combined cortical thickness. This derived value (M*),
which quantifies the mineral in a toroidal (donut-shaped)
section of bone does correlate better with the partial-body
count than does the primary measurement (M) used here.
As it is the purpose of this paper to compare bone mineral
measurements by two published methods, only M values
are considered further. Moreover, when changes in bone
mineral are estimated from sequential photodensitometry
measurements, percentage changes obtained from the derived
values (M*) were the same as those reported here (M).
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FIG. 4. Comparison of changes with time in calcium bone
content as measured by IVNAA or by x-ray photodensitometry. In
all cases initial value measured by either technique was taken as
100%, and value shown is comparable bone content measured at
some later time. In all cases measurements by IVNAA and by
densitometry were made at approximately same time. Note change
of axes for point at 265,213. Square around 100,100 point en-
closes data for those subjects who have not significantly changed
in bone content by either technique, i.e., who have changed by
less than 10%.

15, 13). We believe that, as a result of progressive
disease or therapy, changes in bone calcium may
not always be proportional throughout the skeleton.
Consequently, as in Case 67, treated for osteoma-
lacia, the results of healing of rib fractures seen when
looking at the central skeleton by IVNAA would not
necessarily be reflected in values obtained by densi-
tometry of the peripheral bone.

Furthermore, as seen in two renal failure patients
(Cases 34 and 35) and one osteomalacic (Case 24)
the IVNAA measurements on the trunk appear to
show changes in calcium status more quickly than
do densitometry measurements on the radius. As
trabecular bone appears to be more metabolically
active than cortical bone (16), it is possible that
this quicker response by the IVNAA method is due
to the greater percentage of trabecular bone in the
trunk compared with that in the radius.

ACKNOWLEDGMENTS

This work was supported in part by the W. Garfield
Weston Charitable Foundation and by the Medical Research
Council of Canada, Grants M.A. 4142 and M.A. 3889. We
wish to acknowledge the assistance of J. Watts and H. Kos-
talas in taking some of the measurements. We are most
grateful for help from D. Fraser and C. Williams in re-
ferring patients to us and for discussion of the data.

REFERENCES

1. ANDERSON J, OsBORN SB, ToMLINSON RWS, et al:
Neutron activation analysis in man in vivo: A new tech-
nique in medical investigation. Lancet 2: 1201-1205, 1964

2. ConN SH, DomBrowsk1 CS, FAIRCHILD RG: In vivo
neutron activation analysis of calcium in man. Int J Appl
Radiat Isot 21: 127-137, 1970

3. CHAMBERLAIN MJ, FREMLIN JH, HoLLOowAY I, et al:

933



HARRISON, MCNEILL, MEEMA, FENTON, OREOPOULOS, AND STURTRIDGE

Use of the cyclotron for whole body neutron activation
analysis: Theoretical and practical considerations. Int J
Appl Radiat Isot 21: 725-734, 1970

4. NELp WB, PALMER HE, MURANO R, et al: Measure-
ment of total-body calcium (bone mass) in vivo with the
use of total-body neutron activation analysis. J Lab Clin
Med 76: 151-162, 1970

5. McNEeiLL KG, THomas BJ, STURTRIDGE WC, et al:
In vivo neutron activation analysis for calcium in man.
J Nucl Med 14: 502-506, 1973

6. MEEMA HE, RaBINoVICH S, OreopouLos DG, et al:
Changes in bone mineral content of radius in chronic renal
disease. In Proceedings of Bone Mineral Measurement Con-
ference, Cameron JR, ed, USAEC CONF-700515, 1970, pp
383-396

7. JoHNSTON CC, SMITH DM, NANCE WE, et al: Evalu-
ation of radial bone mass by the photon absorption tech-
nique. In Clinical Aspects of Metabolic Bone Disease,
Amsterdam, Excerpta Medica, 1973, pp 28-35

8. Mazess RB, Jupy PF, WiLsoN CR, et al: Progress
in clinical use of photon absorptiometry. In Clinical As-
pects of Metabolic Bone Disease, Amsterdam, Excerpta
Medica, 1973, pp 37-42

9. McNEILL KG, HARRiSON JE, CaBEzA L: In vivo hu-
man calcium measurements using Pu-Be sources. In Pro-
ceedings of the American Nuclear Society Topical Meeting,
USAEC CONF-710402, vol 1, 1971, pp V7-V13

10. McNEILL KG, KostAaLAs HA, HARrIsoN JE: Effects

of body thickness on in vivo neutron activation analysis.
Int ] Appl Radiat Isot: to be published

11. MEEMA HE, HARris CK, PorRReTT RE: A method
for determination of bone-salt content of cortical bone.
Radiology 82: 986-997, 1964

12. CHEsNUT CH, MANSKE E, BAYLINK D, et al: Correla-
tion of total-body calcium (bone mass) and regional bone
mass in osteoporosis. J Nucl Med 14: 386, 1973

13. ConN SH, ELLis KJ, Zanst I, et al: Correlation of
radial bone mineral content with total-body calcium in
various metabolic disorders. In Proceedings of the Interna-
tional Conference on Bone Mineral Measurement, Chicago,
IIl., University of Wisconsin Bone Mineral Laboratory,
1973

14. HOorsMAN A, BuLusu L, BENTLEY HB, et al: Internal
relationships between skeletal parameters in twenty-three
male skeletons. In Proceedings of Bone Mineral Measure-
ment Conference, Cameron JR, ed, USAEC CONF-70051S5,
1970, pp 365-381

15. MEEMA HE, MEeMaA S: The interrelationships be-
tween cortical bone thickness, mineral mass, and mineral
density in human radius: a roentgenologic-densitometric
study. In Proceedings of Conference: Progress in Methods
of Bone Mineral Measurement, Whedon DG, Cameron JR,
eds, DHEW, 1970, pp 135-157

16. MARsHALL JH, LrLoyp EL, Runpo J, et al: Alkaline
earth metabolism in adult man. Health Phys 24: 129-130,
1973

Accepted Articles to Appear in Upcoming Issues (Continued from page 928)

Labeling of Phagocyles from Human Blood with ®mTc-Sulfur Colloid.
AcceB(ed 8/2/7

English and B. R. Andersen .
Clinical Correlation of Hepatic Flow Studies (Concise Communica-
tion). Accepted 8/2/74.

J. itek and R. P. Spencer
An Artifact Which Snmulates an Infarction on a Posterior View Spleen
Scan ( L§tteRr to the Editor). Accepted 8/2/74.

. Y. Ryo
The Author’s Reply. Accepted 8/2/74.

R. P. Spencer
Interpretation of Radionuclide Liver Images: Do Training and Ex-
perience Make Differences? Accepted 8/5/74.

H. Nishiyama, J. T. Lewis, A. B. Ashare, and E. L. Saenger
Radioscintigraphic_Studies of 'C Distribution in Cats Given 1-1C-
Ethanol (Concise Communication). Accepted 8/5/74.

J. DeGrazia, A. F. Rodden, J. D. Teresi, D. D. Busick, and

D. R. Walz
%mTc-Pyrophosphate Kinetics and Imaging in Metabolic Bone Dis-

ease, Part I. Accepted 8/13/74.

L. Rosenthall and M. Kaye
Radioiodinated Fatty Acids for Heart Imaging:
é\ﬂgl/t;?‘n Compared with lodine Replacement

G. D. Robinson, Jr. and A. W. Lee
The Migration and Embolization of Macrophages to the Lung—A
Possible Mechanism for Colloid Uptake in the Lung During Liver
Scanning. Accepted 8/13/74.

A. Mikhael and R. G. Evens

Clinical Experience with ®mTc-DMSA (Dimercaptosuccinic Acid), a
New Renal-Imaging Agent Accepted 8/13/74.

H. Handmaker, B. W. Young, and R. E. Stutzman
Increased Uptake of ‘wmTc-Sulfur Collmd in Vertebral Compression
Fractures (Case Report). Accerted 8/13/74

R. Shook and D. B nke

Iodine Monochloride
Labeling. Accepted

934

Radiation Dose to the Brain from %Yb-DTPA in Cisternography
(Letter to the Editor). Accepted 8/13/74.

R. E. Johnston and E. V. Staab
Effects of Scatter Subtraction on Image Contrast (Letter to the Edi-
tor). Accepted 8/13/74.

F. B. Atkins and R. N. Beck
Uptake of Rad)iolabeled Egt/rlad/lgl by the Canine Adrenal (Concise
i ion

M. F. Sturman, W. H. Beierwaltes, R. D. Ice, and S. Prakash
g;;r;l/c_?;lductor Camem for Dctection of Small Tumors. Accepted

A. E. Profio and Z. H. Cho
Red Cell and Plasma Volumes in Normal Adults. Accepted 8/15/74.

P. J. Hurley
Three-Dimensional Reconstruction of Lung Perfusnon Image with
Positron Detection (Concise Cc ion). p 8/15/74.

D. A, Chesler, C. Hales, D. J. Hnatowich, and B. Hoop
Distribution of ®mTc-Tin Diphosphonate and Free ®mTc-Pertechnetate
in Selected Soft and Hard Tissues. Acoepted 8/16/74.

B. Silberstein, M. D. Francis, A. J. Tofe, and C. L. Slou,
An Evaluahon of ®mTc-Sulfur Colloid Liver Scintiscans and ir
Usefulness in Metastatic Workup: A Review of 1,424 Studies. Ac-
cepted 8/22/74.

S. Lunia, K L. Parthasarathy, S. Bakshi, and M. A. Bender
A Comparison of "In with 52Fe and “""Tc-Sulfur Colloid for Bone
Marrow Scanning. Accepted 8/22/74.

M. V. Merrick, E. C. Gordon-Smith, J. P, Lavender, and L. Szur
High Temporal Resolution ECG-Gated Sclntigraphic Angiocardiogra-
phy ( Prehmmary Note). Accepted 8/22/74.

V. Green, H. G. Ostrow, M. A. Douglas R. W. Myers, R. N.

Scott J.J. Bailey. and G. S. Johnston
Prostaglandins in Mice with Neuroblastoma (Concise Communica-
tlon) Accepted 8/22/74.

S. Puri, R. E. Belhveau, R. P. Spencer, and N. R. Bachur

JOURNAL OF NUCLEAR MEDICINE





