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Abstract

Medical imaging using the radioisotope technetium-99m (Tc-99m) is
considered one of the most important and most widely used diagnostic
imaging techniques in contemporary nuclear medicine. It plays a
fundamental role in the evaluation of diseases of the bones, kidneys,
heart, brain, and thyroid gland. Owing to its short physical half-life of
approximately 6 hours, suitable gamma photon energy (140 keV), and
the feasibility of its production via cyclotrons and molybdenum-
99/technetium-99m generators, this radionuclide is recognized as the
first choice for diagnostic radiopharmaceuticals. Despite the relatively
low radiation dose associated with these procedures, accurate
assessment of the absorbed dose and effective dose to patients is
essential to ensure radiation safety and to maintain imaging
quality.This article is a review and analytical study that examines the
physical and dosimetric frameworks of Tc-99m applications, with a
focus on the MIRD internal dosimetry model and biokinetic-based
(radiopharmaceutical kinetics) methods. Standard data published by
reputable international organizations have been analyzed, and the
range of effective doses resulting from various Tc-99m imaging
procedures has been compared. The results indicate that the effective
dose in diagnostic applications of this radioisotope generally lies
within the range of a few millisieverts, with the highest doses
associated with cardiac imaging and the lowest doses with thyroid
scans. Furthermore, the role of radiation protection principles—
particularly the ALARA principle—and the use of Diagnostic
Reference Levels (DRLs) in dose optimization is emphasized. Finally,
this study demonstrates that strict implementation of guidelines issued
by international organizations such as the IAEA, ICRP, and EANM,
along with the active involvement of nuclear medical physicists, can
lead to reduced radiation risks, improved imaging quality, and
enhanced patient safety, especially in developing countries such as
Afghanistan.
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