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During recent years many bone-seeking radiophar
maceuticals have been proposed for bone scanning. At
present, the Tc-99m phosphonate compounds are used
more frequently, but the mechanism of bone uptake is
still unclear (1â€”7).

The methylene diphosphonic acid labeled with Tc
99m, used so far, has given the highest blood clearance
and highest bone affinity (8). The bone uptake has been
estimated by whole-body monitoring (9), measurement

of renal excretion of the tracer (10â€”13), and by corn
partmental analysis of Tc-99m(Sn) MDP kinetics
(14,15). Recently a new radiotracer, 2,3-dicarboxy
propane-I ,l -diphosphonic acid (DPD), has been pro
posed for bone scanning (16,17).

The purpose of this study is to compare the quality of
the skeletal image and the compartmental kinetic data
of Tc-99m(Sn)MDP with those of Tc-99m DPD. The
kinetic analysis was performed using a four-compart

mental model for both radiopharmaceuticals.

MATERIALS AND METHODS

We studied I 8 â€œnormalâ€•subjects (age range 20â€”72
yr) who had neither malignant nor metabolic disease of
the bones nor inflammatory joint disease. Nine were
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given Tc-99m-tagged methylene diphosphonic acid,*
reduced with SnCl2, [Tc-99m(Sn)MDP], and nine re
ceived the tetrasodium salt of dicarboxyipropane di
phosphonic acidt (Tc-99m DPD), reduced with stannous

oxide. The two compounds seem essentially alike except
for the presence of Cl in the first and of dicarboxypro
pane in the second.

The tracer dose used was 20 mCi. A large-field scm
tillation camera with medium-sensitivity low-energy
collimator was used. The patients lay on one side, with
the detector head over the lateral side of the knee and the
distal thigh.

Counts were collected every minute for 2 hr in a 64 X
64 matrix, then corrected for background and physical
decay, and stored in a 32K-word computer.

The regions of interest (ROI) for the knee and supe
nor soft-tissue mass of the thigh were selected manually
by light pen on computer processing frames, and time
activity curves were then generated.

During data acquisition, blood samples were collected

at 2, 5, iO, 20, and 30 mm, and at I , 2, 3, and 4 hr after
injection. The urine collection was obtained from the
time of injection at 2 to 4 hr. Blood and urinary activities
were expressed as a percentage of the blood value at zero
time.

All the experimental data were obtained for each
subject separately and an analysis of their statistical
reliability was performed.

The scans were performed about 3 hr after injection.
The mathematical approach to the tracer kinetics was
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FIG.1. KIneticpathways of Tc-99m DPO
and Tc-99m(Sn)MDP. The tracer, entering uRINE
blood,is transferredto soft tissue and bone ________
space, and Is excreted through urinary
compartment. Tracer re-enters blood for
subsequent redistribution or excretion. _________________________________________________

based on a model of the system that uses plasma activity Blood
for â€œstructuralâ€•and parameter identification (18) a dx1

. â€” = â€”(k,2 + k13 + k,4)x, + k21x2 + k31x3;procedure outlined elsewhere (19). The computer pro- dt
gram used for the compartmental identification fitted @nespace
the sum of 2, 3, 4 . . . exponential terms to the experi- dx
mental data from plasma, where the fit to each number @a k,2x, â€”k21x2;
of exponentials is that given by the minimization of er- dt
rors. At each step the computer program determined by Soft tissue
F-test whether the addition of another exponential term dx
would significantly reduce the least-square errors.@ k13x1â€”k3x3;

The differential equations describing the kinetics of t
Tc-99m DPD and Tc-99m(Sn)MDP using this model where k@(i 1,2, 3 and j 1, 2, 3, 4) are the kinetic rate
(Fig. 1) are the following: constants to be compared for the two tracers. The half

â€˜S â€˜@

FIG.2. Bone scans 3 hr after injectionof â€˜@â€˜
Tc-99m DPD (left) and Tc-99m(Sn)MDP

(right). ________________________________________________________________
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TABLE1. COMPUTERANALYSISOF BLOODCLEARANCEOFTc-99m-TAGGEDDPD AND(Sn)MDPPhase

i@23123DPO

(n =9)A

(min1)t1,2(mm)0.0990.0120.001687.057.7

412s.d.
0.02060.00450.0004581.215.788MDP

(n= 9)0.1130.01480.001746.1346.8
398s.d.

0.0190.00280.000301.069.271TABLE

2. COMPUTERANALYSIS OF Tc-99mDPD ANDTc-99m(sn)MDPKINETiCSINTERCEPTSPhase

l@ 23 1 231 23 1 23BloodBoneSoft

tissueUrineDPO
(n = 9)66.2

25.08.75 9.0 41.250.250.2 39.810.3 9.2 26.864.0s.d.
6.2 5.12.49 3.0 8.910.73.4 3.42.7 4.8 8.712.5MDP

(n=9)x
60.6 30.49.0 9.2 45.754.948.2 38.89.4 7.3 26.366.4s.d.
10.3 10.22.0 2.8 6.16.49.1 4.94.6 2.7 4.9 7.3
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jective evaluation of the images, it appears that there are
no important differences between the tracers, unless one
could claim a slightly higher bone uptake for Tc-99m
DPD relativeto Tc-99m(Sn)MDP.

Preliminary studies suggest that Tc-99m DPD gives
scintigrams of better quality (16) and with a higher ratio

of bone to soft tissue compared with Tc-99m(Sn)MDP
(17,22).

Figure 3 shows the time-activity histograms relative
to soft tissue of the thigh and the knee. With Tc-99m
DPD the time of steady-state bone uptake is reached at

@-60mm after injection, whereas that with Tc
99m(Sn)MDP is reached after â€œ@â€˜30mm. The histograms
for soft tissue (Fig. 3) show an earlier peak and a faster
elimination for Tc-99m(Sn)MDP.

This external measurement, however, must be rec
ognized as affected by many sources of error, since
soft-tissue radioactivity varies according to vascularity,
muscle bulk, and plasma clearance, the last depending
mainly on the ratio of renal clearance. Consequently the
impressions from Fig. 2, the histograms of Fig. 3, and the

estimation of Nosslin (I 7) and Buell (22) also useful for
clinical comparisons of bone-seeking tracers cannot be

considered to reflect a final quantification of the actual

and total bone turnover. Of course, a quantitative esti
mation of bone uptake can be obtained only by computer
analysis of the Tc-99m(Sn)MDP and Tc-99m DPD ki

netics. This approach uses the identification techniques
(23â€”27) of a multicompartmental model, in contrast to

the technique adopted by Makler (14), which fitted the
experimental data to a preconceived compartmental

model.

FIG.3. Time-actIvitycurvesfromtwoselectedregionsofInterest
(knee Aâ€•and soft tissue of thigh â€œBâ€•)of subject treated with Tc
99m DPO(left)and another withTc-99m(Sn)MDP(right).

time values, intercepts, and rate constants were calcu

lated by computer through minimization of errors
(20,2/), simultaneously fitting the blood data and the
experimental values of the activity in the ROt for each
tracer. All the data were analyzed for each subject sep
arately, then the average results were calculated. A
further computer program was used to caiculate the

numerical solutions of the above differential equations,

which then describe the tracer activity against time in
each compartment; in addition the excretion rate con
stants, half-times, and intercepts were calculated.

RESULTS AND DISCUSSION

Figure 2 shows the scintigrams ofTc-99m DPD (left)

and Tc-99m(Sn)MDP (right), respectively. Considering
that the quality of scintigrams can influence our sub
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TABLE3. COMPUTERANALYSISOF COMPARTMENTALKINETiCSFOR Tc-99m-TAGGEDDPD AND
(Sn)MDP

Rate constants (m1n1)

k141'k12' k21t k13t k31@ a1 @3# a/fl
DPO (n =9)

x
s.d.

0.0130 0.0040 0.0447
0.0061 0.0013 0.0081

0.0405 0.0121

0.0126 0.0031

3.24 1.10 2.94

MDP (n= 9)
x

s.d.
0.0163 0.0043 0.0497
0.0038 0.0019 0.0061

0.0515 0.0133
0.0064 0.0031

3.79 1.0 3.95

. k12 blood â€”Ã· bone.

t k21 bone â€”k blood.

t k13 blood â€”ksoft tissue.
Â§k31 soft tissue â€”Ã·blood.
IIk14 blood â€”@urine.
I a = k12/k21.
# /3 k13/k31.

The kinetic data are reported in Tables 1, 2, and 3 and
the compartmental curves, generated by our computer
analysis, are shown in Figs. 4 and 5. Different average

ratios of the rate constants (Table 3) show some basic
differences that can be extracted from the kinetics of the
two tracers.

The average ratios to and from soft tissue are 1.1 for
Tc-99m DPD and I .0 for Tc-99m(Sn)MDP. Concerning
the bone uptake, the average ratio of the rate constants
to and from bone are quite similar for the two tracers
(3.24 and 3.79 for Tc-99m DPD and Tc-99m(Sn)MDP,
respectively).
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FIG. 4. Computer-generatedaverage curves for compartmental FIG. 5. Computer-generatedaverage curves for compartmental
model of bloodand urine. model of bone and soft tissue.
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The average ratio for bone uptake to soft-tissue re
tention (a/fl) is 3.95 (100%) for Tc-99m(Sn)MDP and
2.94 (74%) for Tc-99m DPD, but the apparent difference
of 26% is not statistically significant.

In conclusion, our study indicates that MDP yields
bone images comparable to those obtained with DPD,
but data derived from compartmental analysis, suggest
that MDP has a higher bone uptake and lower soft-tissue
retention in comparison with DPD.

S Byk-Mallinckrodt.

t Behring Institute.

FOOTNOTES
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