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Methods: Paediatric 
composition and density data

• We use recently published composition and 
density data for paediatric tissues (ICRP 
publication 143) [7].


• Data covers 57 paediatric tissues ranging 
from newborn to 15-year old.


• Use tissue information and CT spectral 
information to calculate CT numbers and 
reference RSPs for the tissues.

Image taken from: ICRP, 2020. Paediatric reference computational phantoms. ICRP Publication 143. 
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calibration

(2) Age-specific 
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calibration

(3) Dual-energy 
stoichiometric 
calibration [8]
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Methods: CT calibration methods

• Q1: How well can three CT calibration methods estimate the RSPs of paediatric 
tissues?
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Results: Accuracy of RSP predictions

(1) Stoichiometric 
calibration

(2) Age-specific 
stoichiometric 

calibration

(3) Dual-energy 
stoichiometric 

calibration

Min error: -18.65% (spongy bones) 
Max error: 17.80% (medullary cavity tissue)

Min error: -17.08% 
Max error: 20.24%

Min error: -1.36% 
Max error: 0.76%



Methods: Computational phantoms

• To assess dose and rage errors from RSP prediction errors, we construct three computational phantoms 
from CT images of paediatric proton therapy patients

Ewing’s sarcoma Salivary sarcoma Glioma
Tissue assignment 10-year old 15-year old 5-year old

RSP maps
1) Theoretical


2) Stoichiometric

3) DECT

1) Theoretical

2) Stoichiometric


3) DECT

1) Theoretical

2) Stoichiometric


3) DECT
Treatment plan IMPT, 50.4 Gy IMPT, 64.8 Gy IMPT, 54 Gy

• Q1: What are the dose/range errors caused by erroneous RSP predictions?

K-means clustering
Plan optimisation on 
stoichiometric RSP 

maps, recalculated on 
theoretical and DECT 

maps



Results: Dose and range errors 
in Ewing’s sarcoma phantom

• Stoichiometric calibration: Water equivalent 
range overshoots of up to 5.5 mm, 
overdose distal to the target exceeding 5 
Gy (~10% of prescribed dose). 

• DECT: range overshoots <1 mm, dose 
errors <1 Gy.



Results: Dose and range errors in the head and neck phantoms



Results: Dose and range errors in the head and neck phantoms



Next steps

• All investigations so far were theoretical 

• Children’s tissue compositions and densities need to be verified 

• Work in progress to do elemental analysis on few tissues 

• DECT will be implemented at UCLH - initiating a patient study comparing 
DECT vs SECT 

• Future outlook: Reduction of treatment-related side effects?



Take-home message

• Children’s tissues are different from adult tissues in composition and density 

• A single-energy CT calibration curve is not sufficient to represent paediatric 
tissues 

• RSP errors lead to dose errors larger than 5 Gy, range errors larger than 5 mm 

• DECT better represents differences in tissues, in fact DECT reduces the dose 
errors to <1 Gy and the range error <1 mm in the three here demonstrated 
cases. 

• Range differences only represent errors from CT-to-RSP conversion and do not 
include other sources of range uncertainties (e.g., I-value, biology, CT grid size,…).
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