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Abstract 
Methylene diphosphonate (MDP) was formulated as a complex of 99mTc for skeletal imaging. This 
agent was compared with three other bone-seeking technetium agents: ethane-I -hydroxy-I , 
1 -diphosphonate (EHDP), pyrophosphate, and polyphosphate. In tissue radioassay experiments in 
rodents, the technetium complexes of MDP and EHDP were similar, but skeletal concentration with 
both of these agents was higher than that with pyrophosphate or polyphosphate. The total-body 
retention of MDP and EHDP complexed with 95mTc was studied in beagle dogs for 35 days by 
excretion measurements and total-body counting and compared with polyphosphate and 
pertechnetate. The long-term retention was greater for MDP. The 5-day cumulative fecal excretion 
of 95mTc was low when administered as EHDP or polyphosphate complexes and negligible when 
administered as MDP complex. In six human volunteers the blood clearance of 99mTc-mdp was 
similar to that of 18F and significantly faster than that of 99mTc-EHDP. Pyrophosphate cleared from 
the blood much faster than polyphosphate but slower than the diphosphonates. The urinary 
excretion of the MDP complex was greater than for EHDP within the first 2-3 hr after injection. The 
24-hr urinary excretion of pyrophosphate and polyphosphate complexes was not as complete as for 
the diphosphonates. All four 99mTc complexes proved satisfactory for clinical imaging studies. The 
MDP complex produced images of superior quality as early as 2 hr after administration, attributable 
to its more rapid clearance from the blood and soft tissues. On the contrary, a longer interval of 3-4 
hr after injection was usually needed for 99mTc-EHDP; pyrophosphate and polyphosphate 
complexes regularly required a waiting period of 4 hr. Comparitive radiation dose estimates were 
made based on the available biologic distribution data for these 99mTc skeletal-localizing agents. 
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Abstract 
Technetium-99m-labeled pyrophosphate has proved to be a useful skeletal-imaging agent. In this 
study, specific areas of the skeleton were imaged at times ranging from 1/2 to 6 1/2 hr after injection 
of 99mTc-pyrophosphate. Count ratios between abnormal and normal bone with respect to adjacent 
soft tissue were obtained for selected regions of interest on computer-stored scintillation camera 
images. The results show that image quality improves most rapidly from 1/2 to 2 hr, but further 
modest gain in quality does occur on views recorded between 2 and 6 hr. All lesions detected on 
the later images were also observed on the early ones and the ratios of uptake between abnormal 
and normal bone from computer-processed scintillation camera images did not change appreciably 
with time after the 1/2-hr images. Our results confirm the clinical impression that overall image 
quality is better on views obtained at least 3 hr after injection. Further delays in imaging beyond 3-4 
hr after injection probably will not result in any appreciable gain in diagnostic accuracy. 
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Abstract 
A study was undertaken to investigate the behavior of 99mTc-Sn-pyrophosphate complex in 
metabolic bone disease. Of clinical importance was the generalized increased periarticular bone 
accumulation of the radiopharmaceutical in osteomalacia and in combined osteomalacia and 
osteitis fibrosa as found in patients with chronic renal failure. The pattern in primary 
hyperparathyroidism was variable. There was no correlation between the initial rates of 
accumulation of the radiophosphate complex or its bone to soft-tissue uptake ratio at 5 hr when 
compared with the degree of osteomalacia and osteitis fibrosa. It is postulated that the 
99mTc-Sn-pyrophosphate complex has greater affinity for immature collagen than the crystal 
surface. 
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Abstract 
Sequential interpretation of osseous repair, more sensitive than with conventional radiography, is 
possible with a noninvasive, nondestructive radio-nuclide method. The method was used in the 
evaluation of the progress of osteogenic activity in mandibular bone grafts in 24 beagle dogs. 
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Abstract 
lmidodiphosphate (IDP) is an analog of pyrophosphate and diphosphonate, with a P-N-P bond 
instead of P-0-P or P-C-P. We have labeled IDP with 99mTc quantitatively (98%) using stannous 
ions as the reducingkomplexing agent in a freeze-dried kit form. Radiobioassay of this compound 
was carried out in rabbits and the results were compared with those of eight other Tc-labeled 
bone-imaging agents, using the performance of simultaneously administered 85Sr as a reference 
standard. The 99mTc-IDP concentrated 20% higher in the bone, and its soft-tissue and blood levels 
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were lower than with 85Sr. By comparison, the concentrations in the bone of the other 99mTc 
agents were 20% less than that of 85Sr. Regarding blood levels, Tc-IDP performed worse than the 
Tc-diphosphonate but better than the pyrophosphate and the other technetium complexes. 
Scintillation camera images of 99mTc-IDP in both rabbits and dogs showed excellent details of the 
skeleton. In a preliminary human study, images with 99mTc-IDP were somewhat inferior to those 
comparably procured with 99Tc-methylene diphosphonate, but count rates with the IDP complex 
were about twice those with the MDP compound. Because of its better bone uptake, however, it is 
suggested that 99mTc-IDP may be clinically useful in spite of its relatively slow blood clearance. 
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Abstract 
The discovery of a number of phosphate complexes labelled with 99-Tc-m that localize in bone has 
aroused wide-spread interest in bone scanning. The physiological properties of these and other 
clinically useful bone-seeking radiopharmaceuticals are compared, and their physical properties 
assessed in relation to the characteristics and limitations of avilable detector systems. A hypothesis 
is put forward to explain the behaviour of the technetium-labelled agents. It is concluded that 
although there are differences in biochemical behaviour between these agents, strontium and 
fluorine, all three may, under suitable conditions, give similar clinical information. The radiation dose 
received by the patients is least with the usual dose of 99-Tc-m and the blood clearance of the 
diphosphonate and pyrophosphate preparations is faster than that of strontium, although slower 
than fluorine. The psi-ray energy of technetium permits a much greater efficiency of detection than 
of fluorine. These factors, toghether with the general availability of 99-Tc-m and its relatively low 
cost make the technetium diphosphonate or pyrophosphate preparations the agents of choice for 
most skeletal radioisotope imaging. However, there are as yet insufficient follow-up studies to be 
able to assess the incidence of either false-negative or false-positive findings with these agents. 


