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Results

I. Phantom results confirm 

prior simulation studies.
• iodine quantification is 

non-negligibly affected by 

the choice of material 

decomposition vectors

• Errors can approach and 

exceed 100% 

II. Iodine quantification is 

more accurate when the 

material decomposition 

vectors match phantom 

contents
• E.g., choosing the iodine of NaI 

(20% NaCl) decomposition pair 

over the inbuilt iodine (water) 

decomposition pair reduced 

iodine error by up to 67.3%

III. Care must be taken 

when choosing the 

material decomposition 

vectors and when 

interpreting the results of 

the decomposition

Key Takeaways
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Previous work on material quantification in spectral quantitative CT has 

noted that the difference between a water background (ex vivo 

conditions) and a non-water background (in vivo conditions) when 

performing material quantification is non-negligible (Figure 1). This was 

previously demonstrated via simulations [1], and the current work 

demonstrates the expected errors experimentally

Background

Two sets of custom phantoms were constructed with the 

following backgrounds:

• 70% Isopropyl alcohol (30% water)

• 20% NaCl (80% water)

The backgrounds were chosen to encompass the spread of dual- 

energy ratios observed in tissue relative to water (Figure 2) 

Materials & Methods

• Sodium iodide (NaI) was added to the vials in concentrations 

from 0 – 17 mg I/mL to mimic iodinated contrast agent

• Vials were constructed in triplicate and imaged using a kV-

switching dual-energy CT system (Figure 3)

• Quantification of iodine was performed with 4 different 

material combinations

– Iodine (water) from the vendor

– Iodine from the vendor and true background from NIST [3] 

– NaI (stoichiometrically transformed to iodine) from NIST [3] 

and water from the vendor

– NaI (stoichiometrically transformed to iodine) and the true 

background from NIST [3]

Figure 3: All vials were 

arranged in a line along 

the center of the table 

and centered in the CT 

bore. Note that not all 

vials are shown in this 

image.

Figure 4: Iodine quantification 

error (measured iodine density 

– true iodine density) for the 

70% isopropyl alcohol 

background phantoms.

Figure 5: Iodine quantification 

error (measured iodine density 

– true iodine density) for the 

20% sodium chloride (NaCl) 

background phantoms.

The 70% isopropyl alcohol background phantoms demonstrate negative 

errors (iodine density was underestimated), as expected based on Figure 1. 

When decomposed with material pairs that closely match the phantom 

contents (i.e., iodine (70% isopropyl alcohol) and iodine of NaI (70% isopropyl 

alcohol)), the errors are reduced. When the iodine (water) decomposition is 

chosen, maximum iodine error was -1.35 mg I/mL, switching to the iodine of 

NaI (70% isopropyl alcohol) decomposition reduces this maximum to -1.0 mg 

I/mL (25.9% reduction in iodine error).

The 20% NaCl background phantoms demonstrate positive errors (iodine density 

was overestimated), as expected based on Figure 1. When decomposed with 

material pairs that closely match the phantom contents (i.e., iodine (20% NaCl) 

and iodine of NaI (20% NaCl)), the errors are reduced. When the iodine (water) 

decomposition is chosen, the maximum iodine error was 8.88 mg I/mL, switching 

to the iodine of NaI (20% NaCl) decomposition reduces this maximum to 2.90 mg 

I/mL (67.3% reduction in iodine error).

True background basis material 

matches dual-energy ratio of water → 

Iodine is accurately estimated

Figure 1: Decomposition of a point on an iodine-water basis. 

Green vector = iodine decomposition values (dashed = iodine 

(water) basis, solid = iodine (true background) basis). Red = true 

background basis material vector.

Clinical reality today condition: Material decomposition was performed 

using the vendor’s inbuilt iodine and water vectors

Material decomposition was performed using the vendor’s inbuilt iodine 

vector but the NIST-generated attenuation vector of the true 

background

Material decomposition was performed using the NIST-generated 

attenuation vector of NaI (NaI density converted to iodine density) and 

the vendor’s inbuilt water background vector

Material decomposition was performed using the NIST-generated 

attenuation vectors of NaI and the true background 

Figures 4 and 5 legend key: 

20% NaCl

Overestimated iodine due to 

incorrect basis choice

Accurate iodine quantification 

requires decomposition using real 

background vector

70% isopropyl alcohol

Accurate iodine quantification 

requires decomposition using real 

background vector

Underestimation iodine due to 

incorrect basis choice

Figure 2: Dual-

energy ratios of 

some common 

tissues [2] and 

materials used in 

this work. 70% 

isopropyl alcohol 

has a dual-energy 

ratio less than 

water. 20% NaCl 

has a dual-energy 

ratio greater than 

water. 

True background basis material has a 

dual-energy ratio greater than water → 

Iodine is overestimated

True background basis material has a 

dual-energy ratio less than water → 

Iodine is underestimated
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