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X-RAY PHASE CONTRAST . CNR PERFORMANCE BETWEEN CONTRASTS
. . . . I Ko ., ; e ) ) « Phase contrast advantaged with smaller pixel sizes due to low frequency noise content
Gratl_ng-based Imaging me’ghods p_r Ing novel_p_hase ¢ and Y'S'b'my V x-ray contrasts to ) : « Visibility CNR improves with larger pixel sizes due to increasing contrast combined with
preclinical lab CT systems in addition to traditional absorption contrast u higher frequency noise content
COMPARISON TO PREDICTED PHASE CNR BREAKEVEN POINTS
* In soft tissue, observed at pixel size 250 um CNRy4 = CNR,, in our experimental
polychromatic setup
- Rege S0 0 i ' w00 150 200 100 150 200 + Greater than the 212 um predicted by monochromatic simulations (2)
CONTRAST PROPE RT'ES . ROl & o detector pixel size [um] detector pixel size [um] detector pixel size [um] VlSlBlLlTY CONTRAST TREN DS
— > . Fig 4. Measured contrast n select tissue ROIs as a function of binned detector size. Observed increasing visibility trends with larger pixel sizes due to similar noise
Attenuation Phase Visibility cha['actenstlcs as absorption contrast
05 03 : . : : In given sample and system geometry
32}"’4 Visibility, whose contrast derives from structure, is fundamentally different from phase
i A - B and attenuation which derives from material properties
192w 02 Future work in quantifying visibility CNR performance requires using samples of varying
. local structure
0.15 LIMITATIONS
b * Noise measurements in anatomic backgrounds
" N T . . . ) 0.1
M0T|VAT|ON Fig 3. Attenuation, phase, and visibility images reconstructed at native and binned detector pixels. | + Reconstructed visibility images in laboratory setups with polychromatic, large focal spot

Most practical svst weh s . " dealti Display window/level [mm™], u = 0.005/0.0025 , ¢ = 0.03/0.015, V = 0.005/0.0025. 4 detect od iiblo to imag! o bl (=
+ Most practical systems use polychromatic beams and have other non-idealities and detector period are susceptible to imaging system bias (5).
P Y POy CONTRAST MEASUREMENTS P P ging sy (5)

Phase ¢: apparent improved soft-tissue contrast with potential applications in breast
imaging (1)

Visibility V: sensitive to porous materials with potential application in lung imaging (1)

Voxel size
48 x 48 X 48 um?

Each specific contrast depends on several factors including the imaging system

Previous simulation work has shown how imaging system parameters affect phase
contrast CT contrast-to-noise ratio (CNR) compared to attenuation CT (2)

Voxel size
192 x 192 x 48 um?

» Found noise properties of phase contrast support use for high resolution imaging (2-4)

« Simulations limited to monochromatic beam and makes assumptions about several
system parameters and imaged materials
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+ Additionally, how is visibility contrast affected by imaging system parameters? ROl measurements used shown in Fig. 3 above N w1 0 RS
« Attenuation and phase contrast remains constant with detector binning (Fig. 4 above). In/em lofem Ip/em CONC L USI ON

* VISIblllty contrast increases with p|xel size Fig 6. Noise power spectra acquired from soft tissue ROI in subtracted repeat scan noise image. . . . . . .
Established relationships between three grating-based contrasts in our experimental

AIM NOISE MEASUREMENTS gt Attenuation gt Phase o®  Visibility system

« Investigate CNR relationships with changing detector pixel size between grating-based Repeat scans subtracted for noise analysis shown in Fig. 5 below. . ‘ ool - Results provide additional evidence supporting the use of phase contrast for high
contrasts in our experimental system with a polychromatic beam » Noise power spectra (Fig. 6 at right) shows reduction of high frequency noise content - - lung ROl t resolution soft tissue imagin
in attenuation and visibility contrasts with larger detectors gno

* Compare to monochromatic predictions + Phase noise content lower frequency and thus less effected by binning

* As aresult, attenuation and visibility noise decrease with detector binning at greater . | | .
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Each scan performed at 20, 30, 35 mAs and repeated twice murine lung sample breakeven points in Table 2. detector pixel size [um] detector pixel size [um] o i
for noise investigation B i i i
or noise investigatio ~ Repeated for 3 different mA yielded consistent results Fig 8. CNR ratios of phase and visibility over attenuation GNR plotted Table 2 Breakeven points for diferent
ANALYSIS + Visibility trends against detector pixel size. Table 2 at right shows phase transition fissues found for phase contrast. All binned
. i i i * Increasing contrast and decreasing noise results in increasing relative points where phase CNR > attenuation CNR. detector sizes with side lengths less than CO NTACT |NFORMAT| ON

ROls taken from a heart region and lung along with nearby air ROI for background (bg)
|¢rOI~Phgl ith pi i he listed transition point h CNR
Ro;¢ bg visibility CNR performance with pixel size the liste transiﬁufr?amr;tte%e greater Nelson.Brandon@Mayo.edu

CNR,, = 22 teal onRy, = , o = standard deviation of bg.
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