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Motivation
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Skeleton consists of 206 bones
Calculation of total skeleton activity
Activity = C, . *xmass
How to estimate plutonium concentration in the skeleton C,.
number of analyzed bone samples (Cpone)?
Plutonium activity concentration differs from bone to bone and within a bone
(Figure 1)
For most cases — different set of bone samples collected and analyzed

from a limited

Commonly collected and analyzed bone samples
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Latent Bone Modeling (LBM)
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Novel approach to estimate C,, ., based on principal component regression
Reduction of dimensionality while preserving maximum information
Converting bone sample concentrations into new latent bone variables - linear
combination of the measured concentrations
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- Avalilable C, .. values define training dataset
- Training dataset based on 13 whole-body cases

~
- Principal component analysis EasySkel interface
slTelezlao - Linear regression using latent variables
data !
Activity concentrations (Bq/kg) in bone samples
Bone 1 Skull_Parietal _1 ad | |130.7
\ Bone 2 Vert_T7_Arch -~ | |26.9
- Application of regression formula to estimated
Estimate C..o; @Nd associated uncertainty Feie ¥eu 1 Boy RN si]ii21 -
Cepel Y. Bone 4 Rib_7 = | 13.2
Bone 5 Sternum -4 | (14.4
Bone 6 Femur_MS 4| 118.0
Bone 7 Femur_DE -4 | |117.8
Tralnlng dataset Bone 8 Patella -4 | 123.7
o 13 ‘healthy’ whole-body tissue donors
o 90 bone samples analyzed soneS -
» 10 skull sasamples and mandible Bone 10 —
« 26 vertebral samples (bodies and arches)
.« 5 pelvic samples (sacrum, coccyy, iliac crest, iliac body, sone -
iSChium) Bone 12 =
’ 12 ribS Training set file
* 3 samples each for scapula, and clavicle Eainiig BAG. RISk
* 4 samples each for humerus, radius, ulnha, tibia, and
fibula (proximal end, proximal shaft, distal shaft, distal
end ) Load training data
5 samples for femur (proximal end, proximal shaft,
middle shaft, distal shaft, distal end)
 5whole-bone samples: hyoid, sternum, patella, hand
and wrist, foot and ankle
o Estimated C,,. . ranged from 1.92 Bg kg'to 40.17 Bq kg

Results

C.. = 19.86 + 0.31 Bg/kg
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Figure 1: Relative distribution of plutonium concentration in the skeleton and
within several bones (average ratio 13 whole-body donor measurements).
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Figure 2: C_, ., and associated standard deviation
estimated using arithmetic mean and LBM.

Summary

EasySkel — a program for latent bone modeling
with graphical user interface was developed in
Python 39. It enables estimates of C,
INncluding associated uncertainty. The program
performs principal component regression
specific for the user-defined combination of
bone samples. Estimation of C,, ., outside of the

range of the training dataset (1.92-40.2 Bqg kg™

may not be reliable (Fig. 2).




