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Whole body and bone marrow dosimetry
C. Hindorf (London)

Anatomy and Physiology: The bone marrow is a tissue spread out all over the body, situated within the 
cavities of the larger bones of the skeleton. For an adult male person about 32 % of the bone marrow 
consists of red marrow (1170 gram) and the rest is yellow marrow (2480 gram). The red marrow is 
haemotopoietically active while the yellow mainly consists of fat. The bone marrow produces all blood 
cells. The distribution of red marrow changes with age, from being present in almost all skeletal bones 
at birth to being mainly present in ribs (16.1 %), thoracic vertebrae (16.1 %), lumbar vertebrae (12.3%), 
sacrum (9.9%) and os coxae (17.5 %) when adult1. Although the bone marrow is distributed throughout 
the body, it is regulated as one organ/tissue and in order to keep homeostasis it produces and removes 
on average 490∙109 blood cells per day2. 

The whole body approximation: The whole body absorbed dose is often used as a surrogate for the bone 
marrow absorbed dose. 

The blood-based method: The activity concentration in blood can be used to assess the activity concen-
tration in red marrow via the red marrow-to-blood-ratio (RMBLR) if there is no specific activity uptake 
in blood, red marrow or bone3. The difference in the RMBLR is caused by differences in distribution 
volume for different radiopharmaceuticals. The value of RMBLR might change as a function of time after 
administration4. The blood method assumes that the activity in bone marrow is uniformly distributed 
throughout the tissue.

Activity quantification in images: The activity in bone marrow can be determined by activity quantifica-
tion from scintillation camera images5. Most commonly a region of interest is drawn around the sacrum 
or the lumbar vertebrae. The imaging method, in contrast to the blood method, can take into account a 
macroscopically non-uniform activity distribution. 

Several models of bone and marrow have been developed and used for determination of S values since 
the early 1960s6.

Dosimetry and toxicity: Data from several clinical trials have shown difficulties in predicting myeloto-
xicity from calculations of absorbed dose. However, the absorbed dose has been found to show a better 
correlation to toxicity than the administered activity7 and a more patient specific dosimetry method to 
show a better correlation to toxicity than a more general method8.

Conclusion: As accurate dosimetry methods as possible and as uniform patient-populations as possible 
are needed to minimise the uncertainties in both the absorbed dose and the biological endpoint, which 
should provide better correlations between dosimetry and toxicity.
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