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Introduction

Loss of the mineral content of bone In osteoporosis and In other

metabolic disorders of the skeletal system can be measured directly by

total-body neutron activation analysis, TBNAA (Conn, 71,72). The dennl-
125tometrie technique employing monochromatic photons from I when applied

to the appendlcular skeleton also reflects the loss of bone Mineral In

osteoporosis (Cameron, 63,68; Johnston, 68; Mftzess, 64; Shlmnlns, 72 and

Smith, 72).

The object of the present study is to compare the results of these

two techniques in measuring skeletal mass and to observe how they relate

in patients with various metabolic disorders. A method has been developed

for normalizing data on total-body calcium (Conn, 73). That is to say,

the measured calcium data are compared to a calculated "normal" value for

the individual based on sex, age and body sice. On this basis, a reason-

able assessment can be made as to whether the data fall into a "normal"

range of values. An aim of the present study was to formulate a similar

method for normalizing the denaltometrlc data, to facilitate inter-

comparison among Individual patients with different diseases.

Method

Eighty patients and nine normal contrast subjects were analyzed for

their total-body Ca (by TBMAA). At the same time, the bone mineral

content (BMC) of their radius was determined. Hie groups consisted of

forty osteoporotic patients, nineteen renal patients on hemodialyals,

five alcoholic Individuals, nine patients with Parkinson's disease,

seven renal patients, and nine normal contrast subjects (see Table I),

With the TBKAA technique, the patient Is uniformly exposed to a beam
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of partially Moderated fast neutrons which induce tha reaction,
48Ca(n,Y)49Ca. lha induced 49Ca is than Measured absolutely with a

whole-body counter. From these data, the absolute level of total-body

Ck (TBCa) ia calculated (Cohn, 71,72). With this procedure the Ca ia

Measured in a phantom with an accuracy of +W.

At tha sas» tin*, tha bone Mineral content (WC) and the width of

the radius (») wara Measured by tha Cameron-Sorenson densltometric

technique with the Norland Cameron densitometer (Cfeaeron, it), lha

accuracy of this technique ia stated to be J5X (Cameron, 6tj Johnston, 6§t

Mtxeee, 64). Hie radius waa Measured at a point one-third tha distance

froM the diatal end of the radius (6 C M elta).

A. normalisation of total-body calciUM data

In order to calculate tha relative deficit in total skeletal Ca in

Individual patients fro» an absolute measureMsnt of Ca, it ia necessary

to normalise the data for each patient with a correction based on sex,

age and skeletal site. Thus, in addition to tha need for an accurate

Method of Measuring tha skalatal mate, a etandard reference is needed

« againat which tha Measurement nay ba compared. Hie variation in Gs

content of an individual, or a particular component of tha skeleton, ia

ao great because of tha variation in alia of the individual and tha degree

of Mineralisation among individuals, that an "average1* (even one baaed on

iteic of. tha individual) does not provide a suitable reference value againat

which an individual MaasuraMsnt can ba assessed.

HHIS, tha following algorithm waa used to calculate tha "now*!**

(i.e., expected) skeletal Ca in a eubject, en tha basia of weight (lean

body mias), height, — k and aga (Cohn, 73).
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Oip • O I / k where 0§F - pcadietad total body Ca (g) (1}

M - the height («)

K • the total body potassium (g)

o • 34.5, for malts

O • S7.0, for females

The Matured total-body Ct (!•€»), expressed In tanai of the

predicted normal calcium (C*r)t la referred to aa the calcium ratio

<TKWc»p). Th« relative deficit in Ca for »n Individual patient may

than be eatabi tatted aa the difference between 1.00 and tfto measured value

of the ratio Cor ae a percentage, the difference between 100ft and the

ratio expresaed *9 a percentage).

I, flotmmlltutttm of bone mineral content of radiwa

To facilitate intracomoarieon of the aaaaurad HK in indlviduala of

different eisea, an index of aite and age ia required, eimilar to that

utcd eo normaUxe the nacsura of total-body calciua. lor thia puraoae

the width of the radius (meatured fro* the acan) haa been employed

(Jobnaton, W). lha width of the radiua la a factor of the croee-aectloMi

« area (particularly at the • ca> elte) . The WC data, expreaeed aa a ratio

' of measured value to radiua width* are presented in Bible X.

Xnaeaueh aa HK and total-body 0§ msaeurenwnte correlate well* i t la

clear that the MIC data can alao ba normeliaed by the uee of the

algorithm employed for the normalisation of the total-body Ca datat

- .0011M TlOi - .0730 (2J

TMi - a « A (eeo efuation 1) O)

- 0.6*7 • /k - .0730 for miles ( 4 |

• .0677 1 /K - .0730 for femtles (S)



where* HfC^ • predicted nonel bona

mineral contant of radlua (g/cm).

Keaulta

lha data obtaintd by TMttA and by photon ebaorptioMtry ara presented

In lable Z. 9 M aaan ISCs, bona mineral eontant (MC) and tha radlua

width (W) of each group of patients and of ilia notMl contraat group ara

tabulated. Ihe coafflcianta of variation within each group ara also

praaantad for tach of tha above parameter*.

Ute correlation between TSOi and radial MfC in tha various Metabolic

dleordera la ehown in table IX. The correlation coefficients range from

O.t73 and 0.964 (for normal contraat subjects and alcoholics) down to G,g2f ami

0.833 (for osteoporotic and renal patiente on dialysis). All the alopaa

and Intercepte of the equation relating ltd and MIC are within 2 SD of

normal except for the two renal groups.

Ihe meen Qi ratio (TBCs/Cfcp) and the M C ratio (WC/1HC,) for each

group ara also shown in labla I. A Ca ratio of 1.00 indicates that the
4 meeeured H0t la equal to tha predicted Ca value for • person of tnat atxt

age, height and weight. Siwllarly, the gMC ratio nonwilises tlie "

densltoaetrlc data for the saw* peraa»tere»

Ihe loweet mean Ca ratio wae noted for the oeteoporotic fesiele

patients; the aean waa 0.018. lha corresponding swan gttC and M C ratio

for this group were also the lowest, 0.646 and 0.017, respectively. Ike

wean Ca ratloa for the renal patients on dialysis ware O.fJt and O.tJT

for aen and wo—n, respectively. Vie corresponding M C ration for these

two groupe were 0.999 and 0.M9, respectively. A e fenale venal petiente

(non-dialyais) had a Ch ratio atill lower, 0.M9 and « M C ratio of 0.M3.
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The remaining groups had Ca ratios and BMC ratios intermediate batman

the osteoporotic and the normal contrast patients.

The variation in these ratios was quite large in the different

metabolic disorders studied, particularly the BMC ratio, as can be seen

in Figs. 1 and 2. Ihe Ca ratio and BMC ratio are plotted for each indivi-

dual along with the range of the values <+ 2 8P) of the normal contrast

subjects.

Ihe meaa widths of the radius in the normal contrast groups ware

1.472 and 1.284 C M for Bales and fsaales, respectively. 2he*« means are

also most identical to those of aele and fasaile osteoporotic. patients.

There is no significant difference in the swan width of any of the groups

from that of the nonatl contrast group.

Discussion

It is apparent frosj the data that there la a very significant

correlation between the *BCe and BMC in all the groups studied. Ihe

correlation wae swat aignificant in the nonatl contrast group (and the

* alcoholic group), as would be expected where no disturbance in the

calcium metabolism exists, and all parts of die skeleton should be

proportional to each other (Trotter, 52), In patients with osteoporosis

and in renal patients on dialysis, the different parts of the skeleton

are obviously differently affected, tt might tw expected in osteoporosis,

since it is primarily manifest as a loss of density of die trabecular bos*

in the spine, that the toss of Ct in the appendicular skeleton, and

especially la the cortical bone, might be somewhat different. Ala ia

obviously true, but the correlation is nevertheless still (uite high.

Chestnut has reported a correlation of 0.9* (f < 0.001) between TBfla



(Matured by activation in 14 osteoporotlc patients) and the BHC (Chestnut,

73). The same correlation froa aeasureasnts wide at different sites

(i.e., aid-radius, ulna and himerus) varied froa 0.93 to 0.83 (Chestnut,

73). The correlation was soatwhat higher for BMC at the 3 ca trabecular

bone sites than at the 8 ca site (cortical bone).

Hie explanation for the difference In the slope and intercept of the

equations relating BMC and TBCa in the two renal groups Is not clear.

These differences asy reflect the presence of atttastatlc calcification

which is aeasured as TBCa but is not reflected in the BMC aaasureasnt.

further, in renal osteodystrophy there is the possibility of a change in

the radius bone Mineral architecture not reflected In the IBCa.

Ihe variation in TBCfc and BMC in each group Is large, reflecting

skeletal site, «ge of die individual, body habitus and degree of aetabollc

disturbance. This variability can be reduced by expressing the calciua

data as the calcf.ua ratio (TBCa/Cap). Mien the calciua data are noraallsed

by aeen« of th«i algorltha previously discussed, the variability of aost

groups is reduced considerably (see Table I). For exaaple, for the group

of osteoporotlc voaan, the coefficient of variation of the absolute TBCs

is + 18.1S, coapared to 10.4X when data are expressed as the calciua

ratio. A good part of this reaaining variability, of course, reflects the

extent and duration of loss of Ca as a result of the disease process,

for cxassple, in the norail contrast population, the decrease in vari-

ability between the absolute and noraallsed TBCa la 75%. That Is, the

coefficient of variation in a m and woasn in die noraal contrast popu-

latioa goes 'frea lf.tX to 4.3%, and froa 11.71 to 3.OX, respectively.

The 4.31 and 3.0X residual variability thus represents prlaarlly tin

experiswatal error of the asatureaaats.



The variability in Che BMC values in the varioua patient groups

was generally larger than that for the TBCa values. However, the

variability of these two parameters was approximately the same in the

noraal contrast group.

To date, the only attempt to normalize the BMC data for size, sex,

and age has been by use of the radius width. Dividing by the radius

width does provide some degree of normalisation (Table 1). The BMC/W,

however, was found to be poorly correlated with die normalized TBCa (TBCa/

CSp) In the oeteoporotle and in the normal contrast group (Cohn, 1973a).

This poor correlation (0.4S and 0.41, respectively) reflects the Inability

of the radius width to normalize effectively the BMC measurement for size

and age. This results from the poor correlation of radius width with

height, age, or skeletal size. For example, despite cortical thickening,

radius width does not change markedly with age (Smith, 72).

The very excellent correlation (0.97) between the measured and

predicted BMC In the normal contrast group can be seen in Fig. 3. The

BMC of the noraal subjects fall within 2 SD (+ 10.3X) of the predicted

normal BMC. All the BMC valuca of the osteoporotlc patients, also plotted

in Fig. 3, fall above the normal curve. That is to say, all osteoporotic

patlenta (with two exceptions) had a lover BMC than predicted.

Urns the normalisation procedure for BMC data employed In the present

study Is quite effective In reducing the statistical variability due to

size, sex, and age (see Table I). Mille dividing the BMC by radius width

tends to reduce the variability of the data, the use of die BMC ratio

results in a lower coefficient of variability.

For the normal contrast group, die corresponding changes in the

coefficient of variation of the BMC for M M ltd women are lf.71 to 5.21



and 9.5% to 5*5%, respectively. This aaounts to an average decrease of

55% in the BMC data, coapared to the 75% reduction In variability in TBCs

ratio by using the algorltha.

The correlation of the Cs ratios with the BMC ratios for both noraal

and osteoporotlc individuals is illustrated in fig. 1. It can be seen

diat die calciua ratios are distributed ao diet only 7.5% of the osteo>

porotlc values fall widiln 2 SD of normal. Oe die odier hand, die BMC

ratioa of die saae group are distributed so diet 35% of die osteoporotlc

values fall within 2 SD of noraal. This saae large variability in BMC

ratios holds for renal (dialysis and non-dialysis) and parklnaon patients

m» shown in Fig. 2. These patients have Ca ratios and BMC ratios greater

and less dura 2 SD of die noraal values. The variability of die BMC

ratio was particularly large in die feaale renal patients, 31.3% and

25.1%. This aay reflect die variable degree of oateodystrophy in die

different bones of die skeleton in renal patients The overall good

correlation between die calciua ratio and die BMC ratio, however, is

apparent for dtese four groups of patients.

The noraalisation procedures for die calciua. ratio and the BMC ratio

are dws useful for directly comparing individual patients widi various

aetabollc disorders. While the large variability of BMC (even after

noraalisation) precludes its utility as a definitive criterion for

distinguishing patients with aetabollc bone disorders froataoraal, It still

serves a useful purpose. The BMC can be used as a relative wasure of

quantitative changes in die saae patient, lurdier, if die 9JS ratio is

used along wldi die calciua ratioy It la possible to determine die

differential rate of lose of calcium froa & * appendlcular skeleton

coaaared widi die total skeletal calciua, particularly In die osteo-

dystrophy associated with renal disease.
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ABSTRACT

LOBS of. bone mineral content of the skeleton in osteoporosis and in

other metabolic disorders can be measured directly by total-body neutron

activation analysis (TBNAA). The densltometrlc technique (using mono-
125chromatic photons from I) applied to the appendicular skeleton (radius)

also reflects the loss of bone mineral in osteoporosis.

In the present study the results of these two techniques are

compered in 80 patients with various metabolic disorders end in 9 normal

contrast subjects. It is apparent that th«re is good correlation betv <en

total body calcium (TBCs) and bone mineral content (BMC) In all groups

studied. The correlation was highest in the normal contrast group

(0.97) and alcoholics (0.98) and lowest in ostaopoiotlc patients (0,83)

and in renal patients on dialysis (0.84).

In order to measure the relative deficit in TBCs in individual

patients from the absolute calcium measurement, It Is necessary to

normalize the data for sex, age, and skeletal si**. For this purpose

an algorithm was used to predict the normal skeletal Ca in each subject

based on weight, height, sex and age. In similar manner, BMC data *era

normalized using the same algorithm. These normalization procedure*

allow both the TACs and BMC measurement of the radius -to be used to

compare the Ca deficit in individual* with different metabolic disorders.

K R DORM: Calcium, Bone, B O M Orasity, Neutron Activation
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Table 1. Total-Body Calcium and Radial Bone Mineral

Content of Patients with Various Metabolic Disorders

Patient
Category No. Sex

TBCA

8

.TBCa
Ca„

BMC
g/cm

Width
cm

BMC/W
gm/cm'

BMC
BMC.,

Alcoholic

Parkinsonism

Renal

(

f

[
(

(non-dialysis)j

Renal
(dialysis)

Osteoporotic

Normal

Contrast

(11

)\
I

(

3

2

5

4

'2
[

13

6

4

36

5

4

M

F

M

F

M

F

H

F

M

F

M

F

1159
±14.8*

820

1017
±9.4

733
±27.3

942

732
±16.1

1011
±12.9

739
±23.5

796
±13.0

590
±18.1

1096
±16.6

873
±11.7

1,

1

1

1

.106
±8.9

.968

.985
±9.1

.974
±8.5

.001

.889
±12.0

.959
±12.3

.937
±26.4

.867
±8.7

.818
±10.4

.014
±4.3

.014
±3.6

1 .279
±13.6

.899

1.015
±24.1

.790
±30.5

1.160

.777
±27.9

1.106
±14.2

.813
±22.5

.877
±17.9

.646
±23.8

1.248
±16.7

.941
±9.5

1.

1.

1,

1.

1

1

1

1

458
±8.9

.240

.531
±9.5

.365
±17.7

.505

.272
±4.8

.502
±9.1

.247
±6.3

1.406
±6.4

1

1

I

.234
±12.5

.472
±13.5

.284
±16.9

.875
±5.1

.731

.712
±15.8

.572

./75

.614
±30.1

.750
±10.4

.654
±22.8

• 625
±6.4

.528
±22.3

.847
±7.9

-741
±9.7

1.151
41.7

1.0 3i

.979
=20.7

.929
±19.9

1.143

.883
=31.3

.95 3
±16.4

.969
±25.1

.858
±5.7

.817
±16.3

1.031
±5.2

.993
±5.5

UHU » bone mineral content of radius
BMC/W - bone mineral content of radius/width of radius
BMCp - predicted bone mineral content of radius

* - coefficient of variation (percent;
TBCa • total body calcium
CaP » predicted total-body calcium



Table 2

The Correlation of Total Body Calcium to Radial Bone Mineral

Content in Various Metabolic Disorders.

Classification

Normal

Alcoholic

Parkinsonism

Renal (Non-dialysis)

Renal (Hemodialysis)

Ostsoporotic

No.
Male

5

3

5

2

13

4

Subjects
Female

4

2

4

5

6

36

Slope
M

.001188
±00011*

.001011

.001153

.001710

.000938

.001135

Intercept
B

-.0730
±•109

.0926

-.0700

- .4667

.1540

-.0244

Correlation
Coefficient

0.973 (p<.001)

0.984 (p<.002)

0.925 (p<.001)

0.912 (p<.003)

0.835 (p<.00l)

0.826 (p*-.001)

BMC * M* TBCa + B

where TBCa * Total Body Calcium (g)

BMC • Bone mineral content (g/cm)

* - SD



Figure Caption*

Fig. 1 Radial BOB* aineral content ratio plotted *s*in*t

total body calcium ratio in osteoporotie patients and

in a noraal contrast population* The standard deviation

of both of these parameters for the noraal contrast

population « n indieitcd.

Fig* 2 Radial bone aineral conttnt ratio plotted against total

body calcium ratio in renal patient* (both prior to and

on heaodialyais). Siail«* values for pfitlents with

parkinsonisa and alcobollsa are also shown.

Fig* 3 Maesured bone aineral content is plotted against the

predicted bone aineral content in osteoporotic patients

and in a noraal contrast population*
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