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Development of an anthropomorphic colon phantom to test the performance of dual energy
computed tomography (DECT).
Dyana Vega
Department of Radiology and Biomedical Imaging, University of California, San Francisco
Abstract
Colorectal cancer (CRC) is a very common malignancy that affects 1 in 20 Americans.
Screening has been shown to reduce both incidence and mortality. When screening for CRC,
identifying the polyp masses along the colon is key for the appropriate follow-up and treatment.
To screen for CRC, Computer Tomographic Colonography (CTC) can be performed with a
conventional 120kVp CT scan. However, a potentially sensitive approach to CTC, using dual
energy CT (DECT), is emerging. The focus of this study was to create a colon phantom and use
it to compare the performance of DECT to conventional CT in CTC. In creating the colon
phantom, the attenuation spectral properties for DECT were matched to the real human
abdomen, which included fat, iodine tagged stool and soft tissue (similar to polyps). The
abdomen geometry was also simulated. The final colon phantom was scanned in conventional
CT mode and in DECT at 40 keV, and the sensitivity, specificity and reading confidence were
compared. Overall, DECT was shown to have a higher sensitivity and increased reading
confidence compared to conventional CT.

iv

TABLE OF CONTENTS
Page
INTRODUCTION

1

MATERIAL AND METHODS

5

RESULTS

13

DISCUSSION

23

CONCLUSION

26

REFERENCES

27

v

LIST OF FIGURES
Page
Figure 1: DECT diagram

3

Figure 2: Stool Tagging

4

Figure 3: DECT spectral curve for iodine, human polyps, human stool and human fat

4

Figure 4: Anthropomorphic enclosure

6

Figure 5: Clam shell colon phantom design

6

Figure 6: Colon models

7

Figure 7: Positive Silicone model

7

Figure 8: Resin casting

8

Figure 9: Molds and polyps

9

Figure 10: Colon quadrants.

11

Figure 11: Assembled colon phantom

11

Figure 12: Location of Polyps

12

Figure 13: Human colon cross section and phantom cross section.

16

Figure 14: Spectral curves of phantom

16

Figure 15: Conventional and dual energy spherical polyp scans

17

Figure 16: Conventional and dual energy ellipsoid polyp scans

18

Figure 17: Conventional and dual energy flat polyp scans

19

Figure 18. Graphed average readers’ confidence and standard deviation

21

Figure 19: Graphed sensitivity for stool tagging

22

vi

LIST OF TABLES
Page
Table 1: C-RAD calcification scores for a CTC

2

Table2: Tested resin mixtures

13

Table 3: Tested PMC790 compositions

14

Table 4: Tested Vytaflex 30 compositions

14

Table 5: Stool attenuation

15

Table 6. Readers Confidence and Wilcoxon analysis

20

Table 7: Sensitivity, Specificity and McNemar Analysis

22

vii

1. INTRODUCTION
1.1. Colorectal Cancer and screening
Colorectal cancer (CRC) is a very common malignancy that affects 1 in 20 Americans
and is the second leading cause of cancer death among men and women combined [1]. CRC
screening has been shown to reduce both incidence and mortality of CRC [2]. The gold standard
for screening is optical colonoscopy (OC) [3]. Screening for CRC using less invasive
procedures can also be done using Computed Tomographic colonography (CTC), with a
conventional 120 kVp CT. In a conventional CT scan, a single potential voltage (typically
120KvP) is used to image the colon.
When performing a CTC, the colon wall is examined, however not directly, but rather,
by use of CT scan images. In looking for polyps, CTC has a sensitivity of 75.9 % for polyps ≥ 6
mm and for polyps ≥ 10 mm a sensitivity of 83.3%.[4]. This sensitivity is very similar to OC
[5].The corresponding specificities for CTC are 94.6% and 98.7%, respectively [5]. The
complications for CTC are much lower than OC, the procedure is faster, does not require
sedation, and the entire colon is visualized [6]. Limitations of regular CTC are: first, the need for
OC to biopsy the tissue and perform a polypectomy, if a polyp is found. Secondly, inadequate
bowel preparation might render bowel wall visualization impossible.
When screening for CRC with CTC, the inside of the colonic wall is searched for polyps.
A polyp is defined as a mass that projects from the surface of the normal flat mucus membrane
[7]. There are two types of polyps found: hyperplastic polyps and adenomatous polyps
(adenomas). The polyps of main concern are the adenomatous polyps that may undergo a
malignant transformation and lead to cancer. The carcinogenetic process from having a healthy
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colon to invasive cancer is a process of 10 to 15 years with genetic and morphologic changes
[4]. Because of the long timeline for the progression of the disease, discovering and removing
polyps before they turn malignant can reduce the risk of developing cancer from the polyp by
100% and overall risk by 76% to 90% [4].
Polyp size is a significant characteristic that determines the risk of malignant
transformation. A polyp measuring a diameter of less than 1 cm has a risk of 1% and this goes up
exponentially for polyps measuring 2 cm or more to a 40% risk [4]. In addition, the number of
polyps found is another factor that plays a role in the type of follow up and treatment. The CT
Colonography Reporting and Data System (C-RAD) for CTC, has a reporting system that
where both the number of polyps and size are important for the appropriate follow- up (Table 1)
[18]. Thus having a modality that has a high sensitivity to pick up polyps of a certain threshold
size during screening, with limited false positives will allow for the optimal follow-up.
Score

Description

C0, inadequate
study
C1, normal colon
or benign lesion
C2, intermediate
polyp or
indeterminate
finding
C3, polyp,
possibly advanced
adenoma
C4, colorectal
mass, likely
malignant

Inadequate preparation; inadequate insufflation
No polyp ≥ 6 mm; recommend routine screening with
CT colonography or colonoscopy in 5 years
Polyps 6–9 mm, < 3 in number; recommend CT
colonography polyp surveillance or colonoscopy with
polypectomy
Polyps ≥ 10 mm; ≥ 3 polyps, each 6–9 mm;
recommend colonoscopy with polypectomy
Lesion compromises bowel lumen, shows extracolonic
invasion; recommend surgical consultation

Table 1. CT Colonography Reporting and Data System (C-RADS) scores.
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1.2 Computed tomography scan
To perform CTC, a low-dose CT scan of the abdomen and pelvis is performed after
gaseous insufflation of the colon. CT colonography imaging is based on the attenuation of
photons passing through the tissue along the pathlength of the x-ray source. The attenuation is
dependent on the material density and thickness [9]. When a conventional CT scan is performed,
a single polychromatic x-ray beam (typically 120 kVp) is emitted from a single source and
received by a single detector [10]. The collected beam results in a single attenuation value for a
tissue at the given energy spectrum of the beam.

1.3. Dual-Energy CT
In using DECT to perform CTC, two different sets of CT data are acquired
simultaneously at different X-ray spectra, one with a high and one with a low X-ray energy from
a single source. The different data are collected separately and simultaneously by a dual-layer
detector. The dual -layer spectral detector CT (iQon, Phillips Healthcare, Cleveland,OH,USA),
the scanner for the focus of the study, has a scintillator detector that is sensitive to low-energy
photons on the top layer and high energy photons at the bottom layer (Figure 1) [10].

Figure 1. DECT diagram. Shows the single source and dual detector diagram(left) and photon
energy diagram of low energy photons ( green curve) and high energy photons(red curve) (right)
[11].
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DECT allows the collections of two different sets of x- ray energy photons and the
generation of virtual monochromatic images: at a single photon energy from 40KeV to 200KeV,
in combination with a spectral curve (Figure 3). This is important because using mono-energetic
images especially at 40keV in combination with iodine or barium tagged stool allows for a very
conspicuous differentiation from iodine tagged stool and polyps. Polyps display a constant
attenuation between 30-50 HU at all energy levels while mildly iodine tagged stool shows a high
attenuation with a downward curve as the energy increases (Figure 3). In conventional CT, there
are no mono-energetic images at low keV and hence we hypothesize that DECT may improve
the performance in cases where the tagging of stool is low, thus stool in the colon can look like
polyps on conventional CT [12] (Figure 2).

Figure 2. Sagittal view of ascending colon, with highly tagged stool (left) and moderate stool
tagging, shown by the arrows[12].

Spectral Curve of Human Abdomen(HU)
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Figure 3. Spectral curve for iodine tagged stool, human soft tissue (similar to polyps), untagged
stool and human fat from 40kev to 200kev.
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1.4 CT Colonography Phantom
In order to test the performance of DECT against conventional CTC in screening for
polyps in CRC, a colon phantom must be constructed as it would be impractical to scan the
same human with multiple CT techniques due to ethical and practical reasons (e.g radiation
exposure). Previous studies have created colon phantoms to validate the performance in CTC,
however they have had poor success in mimicking geometry and material properties[13]. The
goal of this project was to create a human-like colon phantom, with materials that behave
similarly to human fat , soft tissue( similar to polyps) and tagged stool, (Figure 3) and compare
CRC screening with conventional CT and DECT with different tagged stool scenarios.

2. METHODS
2.1. Colon Phantom
An experimental phantom was designed to allow for repeated scanning.

Several

requirements in making the phantom were taken into consideration:
-

Dual-Energy CT attenuation: Unlike conventional CT, DECT provides specific material
characteristics for the scanned objects at different energy levels. Human tissue was
sampled to find and match the materials with corresponding behavior at different energy
levels (Figure 3).

-

In CTC, stool is tagged with iodinated contrast. To investigate the influence of the level
of tagging, three types of iodinated stool were created with trace ( stool with 0.13% by
weight of iodine), mild (stool with 0.25% by weight of iodine ), and moderately( stool
with 0.49% by weight of iodine ) tagged iodine.
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-

Colon shape and size: To allow for a realistic setup, the colon shape should simulate a
human patient as realistically as possible. To accommodate for this, a realistic design with
colonic folds, haustra and flexures, along with anthropomorphic enclosure (Figure 4) was
designed.

Anthropomorphic enclosure

Figure 4. Anthropomorphic enclosure. Colon phantom resin was placed in an
anthropomorphic enclosure to mimic human abdomen thickness and morphology.
-

Accessibility: As the colon was to be configured with different polyps and filled with three
formulations of tagged stool, a closed tubular design was not possible. A clamshell design
with two separate halves was chosen to allow access to the colonic lumen (Figure 5).

Figure 5. Clam shell colon phantom design. Hollow clam shaped colon designed to allow
for easy access to the inside.
The human colon is mostly surrounded by visceral fat in the abdominal cavity. To recreate
this in a phantom model, a material with fat-like spectral properties in CT imaging was needed. In
initial material testing, a castable polyurethane resin (InstaCast, Douglas & Sturgess, Richmond
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CA, USA) with a similar slope of the spectral curve was identified. To adjust the attenuation values
to result in a fat-like material, a 3% composite powder resin was created (Table2).
To build the colon phantom in the desired shape, a water-based clay model of a colon was
created in a first step (Figure 6). Since a clamshell design was chosen, the whole colon needed to
lie flat in one plane. Furthermore, to account for human size, the complete colon model was limited
to an in-plane size of 30 x 30 cm. Water-based clay could not be used to cast with polyurethane
based compounds such as the above-mentioned resin. Thus, a two-part negative of the clay model
was cast using silicone (MoldMaxTM 15T, Smooth-on Inc., Macungie, PA, USA) (Figure 7).

Figure 6. Colon models. Water-based clay colon was created by hand to mimic the human colon
size and shape(left). Negative silicone molds casted from clay colon ( middle and right)
From this model another positive colon model was made from the same silicone cast
(Figure 7). To prevent adhesion of the positive to the negative silicone, petroleum jelly was applied
to the surface of the negative mold as a release agent.

Figure 7. Positive silicone model. Casted from negative silicone mold.
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In the next step, the positive silicone colon model and one half of the negative silicone
mold was placed in a silicone-covered casting box and the liquid composite resin mix was poured
(Figure 8). After curing, the negative resin colon-model-half was removed from the box and
surface irregularities smoothed with a benchtop sander. The positive silicone-colon model was
then set in the negative resin-model and both were again placed in the silicone casting box. Then
the second half of the negative resin colon-model was cast. To prevent adhesion of both resin
halves the first half was covered with tape prior to casting.

Silicon cast
Resin cast

Figure 8. Resin casting. Shows the first half of resin(bottom) casted using the first silicon
cast(top) in the silicone covered casting box.
To mimic the actual human bowel wall as a thin layer of soft tissue with values of 30HU
to 50 HU in DECT, the inner lumen of the resin model was coated with the same material mix as
the polyps described below. Coating was done by manually applying a thin coating to the inner
lumen of the colon and letting it cure upside-down to allow the excess material to drip off, while
curing for 16 hours. This process was repeated twice for a two layer coating. Through this process,
two separate artificial colon phantoms were created. An anthropomorphic encasement with an
empty compartment to encase the artificial colon phantoms was cast out of the same composite
resin with fat-like DECT attenuation.
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2.2. Polyps
Polyps were created in three different morphologies: flat, ellipsoid and spherical, and
classified in two size categories: 6-9 mm and 11-15 mm (Figure 9). To cast and create the spherical
and ellipsoid polyps, wax was used to shape the polyps by hand. The polyps were measured using
a caliper to have the longest diameters between 6-15 mm in 1 mm steps. The negative molds from
the polyps were created by pouring silicone (MoldMaxTM 30T, Smooth-on Inc., Macungie, PA,
USA) and curing the mold for 24 hours. The wax was removed after 24 hours and negative molds
were cleaned of any excess silicone.
To design the flat polyps, a free, online 3D-modelling software (Tinkercad, Autodesk Inc.,
San Rafael, CA, USA) was used to more precisely design the polyps with diameters ranging from
6 to 15 mm in length and thickness less of than 3 mm. The polyps were then 3D printed (LulzBot
TAZ 6 3D Printer, Aleph Objects Inc., Loveland, CO, USA). Negative molds were casted from
these polyps using silicone (Figure 9).

Figure 9. Molds and polyps. Shows the casted polyurethane rubber polyps in the three morphologies:
flat, ellipsoid and spherical shape(left). Negative silicone molds(right) created to make the polyps.

Multiple materials for creating the polyps were tested to find the right attenuation between
30-50 HU at every energy level and obtain a uniform attenuation texture. Among those materials
tested were PMC 790 and various mixtures with 5%, 7% and 9% of magnesium added by weight.
Also Vytaflex 30 and various mixtures with 5%, 6%, 7% and 9% magnesium added, along with
0.25% and 0.24% of tantalum oxide. The final mixture comprised of polyurethane rubber
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(Vytaflex 30 Smooth-on Inc., Macungie, PA, USA), 6% magnesium and 0.24% tantalum(V) oxide
by total weight. For each size group and shape, more than 10 polyps were created.
2.3. Artificial (tagged) fecal material
Untagged stool has an attenuation value of around (-25) to (-40) HU with an
inhomogeneous texture and gas bubble inclusions. After tagging, HU-values of the tagged stool
can reach up to 1000 HU at 40 KeV. For this study suboptimal tagged stool was created, where
different iodine levels resulting in HU-values of 60, 100 and 200 HU at 65keV, corresponding to
trace, mild and moderate iodine tagging.
The artificial stool was created by three batches and mixing 650 g of polyvinyl acetate and
650 g of distilled water at a 1:1 ratio by weight. This was mixed in a glass beaker with a stir bar at
500 RPM for 8 minutes. Iohexol (Ominpaque 350, GE healthcare Inc., Princeton, NY, USA) was
added by one of three different weight percentages 0.13% (trace), 0.25 % (mild) or 0.49%
(moderate) as 10.16 grams, 19.92 grams and 22.75 grams, respectively, and mixed for another 8
minutes. In a separate beaker 650 ml of water was mixed with 22.75 grams sodium borate in a 1:
0.035 ratio by weight. The sodium borate solution was mixed for 2-3 minutes and added to the
polyvinyl acetate solution at the end of the 8 minutes. The material was pulled into a tray, and
28.28 grams of diatomaceous earth was sprinkled gradually on top (1.4% by weight) and kneaded
into the material to homogenously distribute the additive. Once the artificial stool was created it
was stored in a closed lid container and refrigerated to prevent separation of water.
2.4. Phantom assembly
The polyps were placed into the two halves of the two coated resin phantoms, so that one
side held 12 polyps and the other side held 18 polyps, for each of the two colon phantoms.

10

To allow for a homogeneous distribution of polyps the colon was divided in four different
quadrants per haustrum of the colon (Figure 10). The selection and placement of the polyps was
done randomly and allowed a spacing of one polyp per five quadrants on average.
Prior to scanning one of the colon phantom halves was completely filled with artificial stool
(Figure 11) and then inserted into the anthropomorphic resin encasement.

Figure 10. Colon quadrants. The colon was divided in four different quadrants per haustrum of
the colon and each section was numbered.

Figure 11. Assembled colon phantom. One half of the colon phantom resin filled with artificial
stool (left). The colon phantom is closed and inserted in the anthropomorphic resin encasement
(right) when assembled.
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2.5. CT imaging and postprocessing
All scans were performed on a dual-layer spectral detector CT scanner (iQon, Philips
Healthcare, Cleveland, OH, USA). The assembled colon phantoms were scanned in supine and
prone position with the three different tagged stool compositions, and with and without a fat ring
encasement. Following the joint guidelines for CTC screening of the ACR, SAR and SCBT-MR,
these acquisition parameters were used. Scan mode: helical, collimation: 64 x 0.625 mm, tube
voltage 120 kVp, tube current 50 mAs, pitch 1.015, rotation time 0.5 s, matrix 512, FOV 350 mm,
CTDIvol 4.5 mGy. Images were reconstructed at 1 mm slice thickness and increment, as
conventional 120kVp images as well as DECT 40keV mono-energetic images.
2.6. Image analysis
The conventional CT images followed by the DECT 40 keV images were read by two
different radiologists with 5 and 12 years of experience. Readers noted location for all polyps,
along with a grading of the level of confidence for each of the polyps detected. The increasing
three grade level of 0,1 and 2 described the confidence of a lesion being a polyp with a percentage
range of 50% to 75%, 76 to 90%, and 90% or greater, respectively. The location of the original
polyps was recorded in an excel sheet and in a visual diagram (Figure12). This allowed an accurate
way to match the reported polyp location to the original ground truth.

Figure 12. Location of Polyps. Displays the locations where the polyps were placed in the
phantom colon.
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2.7. Data Analysis
The data was analyzed by determining the specificity and sensitivity for the locations for
the conventional 120KvP images and the dual energy scan. The McNemar Chi square test was
used to compare the sensitivity between the conventional CT and DECT scans. The Wilcoxon Sign rank test was used to compare the average confidence level between the conventional and
dual energy scan, and a Kappa Cohen test was used to compare inter-reader agreement.

3. RESULTS
3.1 Phantom Creation
Resin materials were mixed with different percentages of composite powders by weight to
create a material as close to human fat and was imaged in DECT (Table 2). Resin mixed with 3%
composite powdered was the material that most closely matched the behavior of fat at the three
keV. With a high HU value at 40keV and a low HU at 140keV.Thus this allowed for a realistic
creation of fat surrounding the colon.

40keV (HU)

65keV (HU)

140 keV(HU)

Pure Resin

-75

0

30

Resin +3% composite powder

-169

-105

-73

Resin +5% composite powder

-200

-160

-155

Resin +7.5%. composite powder

-260

-225

-215

Human Fat

-170

-100

-90

Table 2. Tested resin mixtures. Different tested composite resin mixtures to create the desire
material with fat-like attenuation properties. Shows the attenuations values at the three energy
levels: 40keV, 65keV and 140 keV.
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The results of testing PMC and Vytaflex plastics mixed with composite powders for
creating the poylps are shown in Table 3 and Table 4. The composite material of Vytaflex 30
with 0.24% tantalum oxide and 6% magnesium was the material that most closely approached
the attenuation of human polyps compared to the other mixtures. Human polyps have an
attenuation range of 30 HU to 50HU (Table 4).
40keV

65 keV

140keV

PMC790

71.66

49.83

44.29

PMC790+ 5%magnesium

140.52

68.93

38.57

PMC790+7%magnesium

186

85

41

PMC790+9%magnesium

157

78

38

Table 3. Tested PMC790 compositions. Shows the different composition of PMC790 tested and
HU behavior at 40KeV, 65 Kev and 140 Kev for fat-like encasement.

Vytaflex30
Vytaflex30+5% magnesium
Vytaflex30+7% magnesium
Vytaflex30+9% magnesium
Vytaflex30+ 0.25 % tantalum oxide
Vytaflex 30+ 0.24% Tantalum oxide+ 6% magnesium
Human Polyps/soft tissue

40 keV
-106
-43.8
0.5
34.8
23.5
22.7
31.9

65keV
-47
-20.8
-6.6
6.3
28.83
52.5
35.6

140keV
-19.15
-13
-3.3
4.0
30.33
66.0
36.9

Table 4. Tested Vytaflex 30 compositions. Shows the different compositions of Vytaflex 30
tested and HU behavior at 40KeV, 65 Kev and 140 Kev for polyps.
The three levels of tagged stool created: trace, mild, and moderate, each showed a high
attenuation at 40keV and a very low attenuation at 140 keV. Where with each successive level of
tagging there was a higher HU value at 40keV and thus indicating more iodine concentration.
Higher iodine means the stool looks brighter in the both conventional and DECT scan (Table 5).
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40keV

70keV

140keV

Untagged stool

-25.85

-29.87

-31.23

Trace tagged

139.56

66.19

41.57

Mild tagged

250.14

109.37

62.05

Moderate tagged

455.58

160.64

62.70

Table 5. Shows the attenuation of the untagged and tagged stool at 40keV, 70keV and 140 keV.

3.2. Morphological validation
In creating the phantom, the morphology was mimicked successfully with the creation of
the added anthropomorphic encasement and fat ring (Figure 13). For the results, the addition of
the fat ring creates a larger cross-section and more attenuation of the CT beam. In comparing the
human colon to the phantom colon, fat looks dark in both and stool looks bright.
The attenuation values of the phantom colon were also matched accordingly to human
tissues (Figure 3 and Figure 14) in the DECT scan. From the graph fat has a rising upward curve
that eventually plateaus as it goes from 40keV to 200keV while polyps (soft tissue) have a constant
attenuation of 30HU to 50HU. The three different levels of tagged stool have each , the highest
HU at 40keV. At 40keV it also shows tagged stool to have the greatest attenuation disparity with
polyps. Thus, viewing the colon in a DECT mono-energetic image at 40keV will show the greatest
contrast between stool and polyps (soft tissue).
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Figure 13. Human colon cross section and phantom cross section with and without fat ring.
Shows (from left to right) the axial cross section of the human colon (left) compared cross
section of the phantom with the anthropomorphic encasement (middle) and phantom with a fat
ring (right).
3.3. Attenuation Validation

Spectral Curve for Colon Phantom (HU)
500
450
400
350
300
250
200
150
100
50
0
-50 40
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-150
-200
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Polyps

Fat

Trace Tagged

Mild Tagged
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Figure 14. Spectral curves of phantom vs. human tissue. Shows the spectral curves of the colon
phantom compared to human tissue from 40 to 200 keV (Figure2).
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3.4 Qualitative Polyp Assessment
In observing the spherical polyp in the phantom colon through an axial scan in the three
levels of tagging (trace, mild and moderate), as the level of tagging increases, the polyp becomes
more conspicuous (Figure 15). In comparing the same polyp between conventional CT and
DECT, DECT provides for a higher level of contrast between the polyp stool and results in less
amount of noise. Thus, polyps are more easier identified on DECT, especially at lower levels of
stool tagging.
Conventional 120 KvP CT scan: Spherical
No Stool
Traced (0.13% wt)
Tagging

Mild
(0.25%wt)Tagging

Moderately
(0.49%wt) Tagging

Dual Energy CT scan (reconstructed at 40 keV): Spherical
No Stool
Traced (0.13% wt)
Mild
Tagging
(0.25%wt)Tagging

Moderately
(0.49%wt) Tagging

Figure 15. Conventional and dual energy spherical polyp scans. Displays large spherical polyp in both
conventional 120KvP (top row) and dual energy (bottom row) scans. Each row displays the polyp with
stool, and surround by traced (0.13% iodine), mild (0.25%), and moderately(0.49%) tagged stool (left to
right).
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Observing the ellipsoid polyp in the axial scan, across all three levels of tagging, it
becomes very obvious at the moderate level of tagging in conventional CT. Due to the high level
of noise and the similarity of stool and polyp at conventional CT is makes it challenging for a
reader to clearly distinguish the presence of a polyp at mild and trace level of tagging. However,
the same polyp in DECT shows to be more conspicuous to the non-radiologist eye, starting at
mild stool tagging with less noise in the image and more contrast.
Conventional 120 KvP scan: Ellipsoid
No Stool
Traced (0.13% wt)
Tagging

Mild
(0.25%wt)Tagging

Moderately
(0.49%wt) Tagging

Dual Energy scan (reconstructed at 40 keV): Ellipsoid
No Stool
Traced (0.13% wt)
Mild
Tagging
(0.25%wt)Tagging

Moderately
(0.49%wt) Tagging

Figure 16. Conventional and dual energy ellipsoid polyp scans. Displays small ellipsoid polyp in both
conventional 120KvP (top row) and dual energy (bottom row) scans. Each row displays the polyp with
stool, and surround by traced, mild, and moderately tagged stool (left to right).
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The flat polyp in the colon phantom (Figure17) in an axial scan is shown to be a bigger
challenge in identification than all the other polyp morphologies since it is has a thickness of
less than 3mm. Thus, even when the polyps is shown without any stool surrounding them, there
is a possibility that it can be missed. In conventional CT, the flat polyp is not visible at trace and
mild tagging and can be barely seen in moderate tagging. When comparing to DECT, the same
polyp is visible at all three levels of tagging with the highest conspicuity at moderate level of
tagging. Even in polyps that are morphologically challenging to see in a conventional scan,
DECT does provide for a better visual contrast.
Conventional 120 KvP CT scan: Flat
No Stool
Traced (0.13% wt)
Tagging

Mild
(0.25%wt)Tagging

Moderately
(0.49%wt) Tagging

Dual Energy scan (reconstructed at 40 keV):: Flat
No Stool
Traced (0.13% wt)
Mild
Tagging
(0.25%wt)Tagging

Moderately
(0.49%wt) Tagging

Figure 17. Conventional and dual energy flat polyp scans. Displays large flat polyp in both conventional
120KvP (top row) and dual energy (bottom row) scans. Each row displays the polyp with stool, and
surround by traced, mild, and moderately tagged stool (left to right).
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3.5 Quantitative Polyp Assessment
In looking at the average confidence level for polyp detected between conventional CT
and DECT, only the scenarios where the polyp was seen in both conventional CT and DECT
were included for the analysis ( N value) (Table 6 ). The comparison was done for six scanning
scenarios that combined the results for the two readers. Thus, the N- value for each scenario had
a possibility maximum of N=120, for the 120 polyps included for both readers (60 polyps for
each reader). The average confidence grade was calculated for six different scanning scenarios
(Figure 18 and table 6). The range for the confidence level ranges from 0.77 to 1.89, with higher
average confidence level for DECT. The values obtained were significantly different for
conventional CT and DECT with statistical significance according to the Wilcoxon test with a
p<0.05.
Combined reading
Fat Ring
No Fat Ring
Conventiona DECT
Conventional DECT
l CT
CT
Traced
Tagged

Poorly
Tagged

N
12
Avg.
0.83±0.577
Confidence
p(Wilcoxon) 0.046
N
13
Avg.
0.77± 0.725
Confidence
p(Wilcoxon) 0.004

Moderately N
42
Tagged
Avg.
1.40± 0.627
Confidence
p(Wilcoxon) 0.005

1.17±0.718

15
1.0±0.655

1.53±0.743

0.033
1.54±0.660

47
1.30±0.720

1.77±0.520

<0.001
96
1.71± 0.508

1.53±0.615

1.89±0.320

<0.001

Table 6 . Shows the average confidence value and standard deviation, with and without the fat
ring, for each tagging levels, for both DECT and conventional CT. Along, with the Wilcoxonsign test value comparison.
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Average Readers Confidence with standard
deviation for polyp detection
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*
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Trace Tagging MildTagging

Moderate
tagging

Trace Tagging Mild Tagging Moderate
fatring
fatring
tagging fatring

Conventional

Dual Energy

Figure 18. Shows average readers confidence level with standard deviation for polyp detection.
Asterisk (*) shows that there is a statistical difference.

The sensitivity and specificity were calculated for the six different scanning scenarios. In
looking at the specificity there was minimal difference between conventional and DECT with
specificity values ranging from 0.998 to 1.000 (Table 7). The sensitivity shows to have a higher
range from 0.867 to 0.100 (Table 7). Over all, the sensitivity showed to be lower for
conventional CT compared to DECT. When comparing between fat ring and without the fat ring,
there was a decrease in sensitivity with the fat ring.
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Traced
Tagged

Poorly
Tagged

Moderately
Tagged

Fat Ring
Conventional CT

Combined Reading
No Fat Ring
DECT
Conventiona
l CT

Sensitivity

0.100

0.217

0.133

0.325

Specificity

1.000

1.000

1.000

1.000

p
(McNemar)
Sensitivity

<0.001
0.092

0.375

0.383

0.667

Specificity

0.998

0.996

1.000

0.998

p
(McNemar)
Sensitivity

<0.001
0.350

0.550

0.792

0.867

Specificity

1.000

0.998

1.000

0.998

DECT

<0.001

<0.001

p
<0.001
0.002
(McNemar)
Table 7. Shows the sensitivity and specificity for the combined readings with and without the fat ring in
the three stool tagging scenarios for the conventional CT and DECT along with McNemar value.

Polyp Sensitivity Among the Tagged Stool
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40
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Trace Tagging Mild Tagging

Moderate
Tagging

Conventional

Trace Tagging Mild Tagging
(Fatring)
(Fatring)

Moderate
Tagging
(Fatring)

Dual Energy

Figure 19. Shows the graphs comparing the sensitivity with and without fat ring among the three
stool tagged scenarios. The fat ring simulates a larger patient abdominal size.
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4. DISCUSSION
4.1 Phantom
In creating the colon phantom there were two major challenges that were overcome:
matching the attenuation properties and matching the cross-section morphologies. When looking
at the qualitative data of the scans it is clear that the phantom matches a human colon up to the
level of details of the haustral folds and colon flexures. Compared to other studies, where there
has been success in matching attenuation properties of phantom to human colon but not shape or
vice versa [13], the phantom created is a robust model representation. As the same time, the
phantom created allows for the modelling of subjects of larger waist diameter through the
incorporation of a fat ring. This is a feature, that previously designed colon phantoms have not
been able to do.

4.1 Interpretations of Results
The qualitative data shows that (figures 15 to 17) in the conventional scan there is a
greater amount of noise and lower contrast compared to DECT scan that can cause the polyps
with trace or mildly tagged stool to be overlooked. DECT makes the greatest difference in aiding
to identify smaller size polyps, such as flat lesions (Figure 17), that can often be over looked as
being part of the colon wall.
The quantitative data shows that the addition of the fat ring along with trace stool tagging
makes it harder to identify the presence of polyps and decreases the sensitivity (Table 6 and
Figure 19) but in these cases DECT still has a higher sensitivity compared to conventional CT
according to the McNemar test (p<0.05). Adding the fat ring to the scan attenuates the beam of
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scan thus, decreases the level of contrast between the polyp and stool, and makes it more
challenging for the reader to identify the polyps.
In comparing the results to existing literature, other clinical studies contradict the
findings of increased sensitivity and performance of DECT. According to, Sun et al., the
sensitivity between DECT and conventional CT was similar and there no difference in polyp
detections [15]. They reported a sensitivity of 95.6% for both conventional CT and DECT [15].
The specificity was 42.8% and 100% for conventional CT and DECT, respectively. Although
these sensitivity values are much higher than the findings we reported, this study has limitations
in itself since the detection of polyps was done in one level stool tagging and the recruited
number of patients was limited to a small group of 24 subjects[14]. The readers experience also
plays a role and can significantly influence the polyp detections outcome. Because of the
limited clinical studies and small patient population, additional larger studies are needed to fully
assess the capability and usefulness of DECT.
To compare inter-reader agreement among the confidence level grading, the Cohen’s
Kappa was used. The Cohen’s Kappa value was 0.646, thus according to Landis and KochKappa benchmark scale, thus is considered substantial for the inter-reader agreement.
Previously reported Cohen’s Kappa values have ranged from 0.42 to 0.69 [15], showing
agreement in range with our reported value. Although only two readers were used for the
reading analysis, it would be ideal to repeat the study with a larger spectrum of readers. This will
allow a better understanding of how much of polyp detection is dependent on the scanning
technology ( e.g. DECT vs. conventional CT) versus the level of experience of the readers.
In analyzing the readers confidence level for both the conventional CT and DECT, it was
seen that the average confidence level increases from 0.83 to 1.89 (Table 6). This increase is
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seen gradually as the level of stool tagging increases and with the removal of the fat ring. The
patterns in the results are expected and match the qualitative data. With more contrast in the
stool, the polyps are more obvious. With less fat surround the colon, there is less noise and more
contrast between the materials. In real life, the fat ring is indictive of the obese patients and being
able to show that even in larger patients DECT is able to provide for better polyp detection
allows for a more inclusive population where DECT is useful.

4.2 Limitations
A limitations of this project is the phantom created does not include other organs that
surround the colon. This is limiting because there are no other organs to reference as the reader
moves along the colon. In addition, having other organs such as the kidneys, as a reference helps
compare the attenuation and correctly set the threshold window level to review the scan during
the reading of the colon. With the wrong window threshold, the reader could be missing lesions
that are outside the window threshold. The lack of organs and bone in the phantom also do not
provide the true attenuation of a human abdomen. Bones, like the lumbar and sacrum vertebrae
attenuate the beam more than soft tissue, thus decrease the signal and noise ratio.
In the standard scanning protocol, the colon is screened in both the prone and supine
position. This allows the movement of the bowel and stool and helps view any missed polyps.
However, for this study the readers were able to screen the colon in the prone position as this
allowed the stool to cover the colon 360 degrees and make it possible to inspect how
conventional CT scanning compares to DECT in identify polyps submerged in stool.
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4.2 Recommendations for Future Work
Our readers used 2D viewing only to read the scans and were not able to use 3D
viewing. Pursuing 3D viewing was not possible due to current limitations in DECT processing
software. The 3D view allows the depiction of the entire endoluminal surface and increases the
sensitivity for legions smaller than 6 mm from 44.1% to 85.7% [16]. 3D viewing would also
allow for more accurate measurements of polyp size.
Although the detection of the polyps was compared between conventional CT and DECT,
it would be ideal to further follow up with the study by comparing size measurement of the
polyps from both scans. At the same time, being able to statistically evaluate the sensitivity and
specificity for each morphology and polyp size would further add to the overall study.

5. CONCLUSION
An anthropomorphic colon phantom was created and compared between conventional 120 kVp
CTC and DECT CTC. From the study it was concluded that the overall sensitivity and reader’s
confidence is higher for DECT compared to the conventional CT. DECT scan also had a higher
contrast and lower noise levels in image quality compared to conventional CT, thus DECT may
be the better modality to perform CTC. The findings suggest that DECT may be useful for CTC,
particularly when stool tagging is suboptimal. Further work for this study may extend to compare
accuracy between both scanners in measuring polyp size and determining statistics on sensitivity
for each size group and shape.
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