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I N V I T E D P E R S P E C T I V E

Smith’s Publication on Internal Dose Calculation for 99mTc: 
An Excellent Paper with Approximate Methods
Michael Stabin

NV5/Dade Moeller, Richland, Washington

The internal dosimetry of - and -emitters has been established
by several authors. Smith (1) cites the work of Loevinger et al. 
(2) and Ellett et al. (3), pioneers in the fi eld. Somehow, internal 
dosimetry manages to intimidate many, when, as shown by Smith, 
it is just energy per unit mass, as is external dosimetry. The 
diffi culty arises from the calculation of the absorbed fraction of 
energy from a source region to itself or to a different target. For 
particulate radiation, the energy per emission and its abundance 
are suffi cient, as we assume that all energy emitted in a source 
is absorbed there (a generally good assumption), but for photons, 
more work is needed. Smith, like Marinelli, Quimby, and others 
(4,5), used reasonable approximations. In 1965, we did not have the 
elaborate Monte Carlo methods that were developed later by Cristy and Eckerman (6), among others. These approximations were 

wonderful at the time and were shown by more exact computer 
methods to be quite reasonable. All of the unit conversions were, of 
course, absolute. The ‘‘remainder of the body’’ method developed 
by Cloutier et al. (7) was not available, but notice the agreement 
between Smith’s fi nal answers and those of the latest methods, 
using highly sophisticated anthropomorphic phantoms and the best 
kinetic data (Table 1).
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TABLE 1
99mTcO4 Injection (rad/mCi)

Site Smith (1) RADAR (8)

Male gonads 0.012 0.00925

Female gonads 0.015 0.028

Stomach 0.059 0.072

Upper large intestine 0.096 0.17
Thyroid 0.009 0.0925

Whole body 0.012 0.014
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 The major discrepancy is in the thyroid dose; Smith assumed 
some thyroid blocking. Smith was using a preliminary model that 
showed that the ‘‘male gonadal dose is identical to the total body 
absorbed dose’’ but that ‘‘the female gonadal absorbed dose is the 
same as the male gonadal absorbed dose except that a backscatter 
factor is introduced in calculating the gamma component of the 
absorbed dose.’’ He also did not consider the 0.5 factor for stomach
wall dose to stomach contents dose (9). Nonetheless, this was an 
excellent paper using the available models and factors of the time.
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scanning as compared to colloidal 198Au, colloidal 199Au and 131I
aggregated albumin. Some of the biological problems encountered
in calculating the absorbed dose are discussed.
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