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Fig. 1 The absorption spectrum of hemoglobin, water and fat under different wavelengths of light**
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Fig.2 The schematic diagram of CTLM system (a) and the diagram of the light path system (b)
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Table 1 The amount of each material required for the background and target solution

Material Unit The amount for Background/100 ml The amount for Target //10 ml The amount for Target 2/10 ml
Agar/carrageenan g 2 0.2 0.2
Intralipid ml 5 1.5 1
Water ml 95 8.5 9
Ink ul 3.60 2.16 1.71

Target /: u (contrast) : ' (contrast)=5 : 3; Target 2: 4 (contrast) : u'(contrast)=4 : 2.
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Fig.3 Sketch of the phantom (a) and the DOT images of 9 phantoms in 3 iterations (b)
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Table 2 Quantitative data of nine phantoms

Phantom Relative absorption coefficient/mm™ FWHM/mm
Tot. Avg. Max. Min. Wide-axis Long-axis
D=60 mm, L=15 mm 6.364+0.105 0.01+0 0.017+0.001 0.007+0 11.340.5 21.3+1.3
D=60 mm, L=20 mm 5.688+0.004 0.009+0 0.011+0 0.008+0 14.6+0.5 15.2+1.5
D=60 mm, L=25 mm 5.297+0.091 0.008+0 0.013+0.001 0.005+0.001 18.0+3.1 23.5+0.9
D=80 mm, L=15 mm 6.557+0.099 0.01+0 0.019+0.002 0.007+0 16.6+0.6 23.940.6
D=80 mm, L=20 mm 5.111+0.038 0.008+0 0.01+0 0.007+0 17.8+0.5 32.0+0.3
D=80 mm, L=25 mm 4.486+0.029 0.007+0 0.008+0 0.007+0 19.1+0.5 27.842.8
D=100 mm, L=15 mm 4.437+0.003 0.007+0 0.008+0 0.007+0 21.1+1.1 36.0+1.1
D=100 mm, L=20 mm 4.442+0.003 0.007+0 0.008+0 0.007+0 20.0+0.2 37.7+0.5
D=100 mm, L=25 mm 6.368+0.014 0.01+0 0.011+0 0.01+0 22.6+0.1 41.7+2.6
Table 3 Test for homogeneity of variance (factor: the diameter of the phantom)
Levine statistics v, Vv, P
Relative absorption coefficient Tot. 7.358 2 33 0.002
Relative absorption coefficient Avg. 7.569 2 33 0.002
Relative absorption coefficient Max. 14.547 2 33 0.000
Relative absorption coefficient Min. 16.372 2 33 0.000
FWHM of wide-axis 3.758 2 33 0.034
FWHM of long-axis 1.758 2 33 0.188
Table 4 Statistics of ANOVO (factor: the diameter of the phantom)
Factor Dependent variable Source of variation S v MS F P
Variation among groups 2 065.78 2 1032.89 82.44 0.00
The diameter of the phantom Long-axis FWHM Variation within groups 413.48 33 12.53
Total variation 2479.26 35
Table 5 Test for homogeneity of variance (factor: the depth of the target)
Levine statistics v, Vv, P
Relative absorption coefficient Tot. 5.225 2 33 0.011
Relative absorption coefficient Avg. 4.920 2 33 0.013
Relative absorption coefficient Max. 14.450 2 33 0.000
Relative absorption coefficient Min. 16.401 2 33 0.000
FWHM of wide-axis 2.942 2 33 0.067
FWHM of long-axis 1.769 2 33 0.186
Table 6 Statistics of ANOVO (factor: the depth of the target)
Factor Dependent variable Source of variation S v MS F P
The depth of the target Wide-axis FWHM Variation among groups 80.824 2 40.412 3.986 0.028
Variation within groups 334.575 33 10.139
Total variation 415.399 35
Long-axis FWHM Variation among groups 98.264 2 49.132 0.681 0.513
Variation within groups 2380.998 33 72.151
Total variation 2479.262 35
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Fig.4 Sketch of the outer covering part (a) and the DOT images of two phantoms without or with the outer covering part

in 3 iterations (b)

Table 7 Quantitative data of two phantoms with the outer covering part

Phantom With/without the Relative absorption coefficient/mm™ FWHM/mm
outer covering part Tot. Avg. Max. Min. Wide-axis Long-axis
Without 6.557+0.099 0.01+0 0.019+0.002 0.007+0 16.6+0.6 23.9£0.6
D=80 mm, L=15 mm
With 5.108+0.018 0.008+0 0.014+0.001 0.005+0 17.0+0.4 23.1%1.5
Without 4.486+0.029 0.007+0 0.008+0 0.007+0 19.1+0.5 27.842.8
D=80 mm, L=25 mm
With 5.628+0.075 0.009+0 0.015+0.001 0.007+0 15.8+0.3 28.1+1.2
Table 8 Test for homogeneity of variance (factor: the outer covering part)
Levine statistics v, v, P
Relative absorption coefficient Tot. 676.003 1 14 0.000
Relative absorption coefficient Avg. 676.004 1 14 0.000
Relative absorption coefficient Max. 75.096 1 14 0.000
Relative absorption coefficient Min. 10.640 1 14 0.006
FWHM of wide-axis 8.586 1 14 0.011
FWHM of long-axis 0.014 1 14 0.908
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Table 9 Statistics of ANOVO (Dependent variable:
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FE AR O R R, SLRGAS IR T A
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Long-axis FWHM; Factor: The outer covering part)

Factor Dependent variable Source of variation S v MS F P
The outer covering part Long-axis FWHM Variation among groups 0.16 1 0.16 0.02 0.89
Variation within groups 116.39 14 8.31
Total variation 116.55 15

23 HEE
55 I]I"-J

R T AR NS RE LR 2SR R A R X 1
GO HERI s, ASCHIVE TARERIBEIE A, FL
PR E 4 (D=100 mm) . {5k E (H=80 mm)
DL HAREAE (d=10 mm) [R5 FhR RS

MBI ARIERIERN G T PHEN

3:2F12: 15 HAREE L=30 mm BI5 A% E T —
ok HE e, B u(contrast) : u'(contrast) A 5 : 3, {fj
WoR B KIS I8 3a, X5 B GIRTE AR SC 2.2 75
HNFERENLERT S ARG LR 43 BRI, et
2. 3. 4. SN EERGEG, A
DOT K4 ROIs K5l Fn g il w5 58 o 1615 R S A

o Horb AR L=20 mm BPGIRRE T 4RSI RTINS 5e e A 4 1 )5 2% 48 3 B ) DOT #1144,
B, B u(contrast) : u'(contrast) iy 5: 3, 4: 2, FE AR UNER 10 R
Phantom
[=20(5:3)  L=20(4:2)  L=20(3:2)  L=202:1)  L=30(5:3)

I

Without the outer covering part

Phantom
The outer
covering part

With the outer covering part

DY
ik X X

"t

Fig. 5 The DOT images of 5 phantoms without or with the outer covering part in 3 iterations

Table 10 Quantitative data of 5 phantoms without/with the outer covering

Phantom With/without the outer covering part FWHM/mm FWHM reduction ratio
Wide-axis Long-axis Wide-axis Long-axis
Without 20.3+0.5 41.4+0.7 — —
L=20(5:3)
With 19.1+0.2 28.0+0.5 <10% 32.4%
Without 21.4+0.9 423104 — —
L=20(4:2)
With 19.5+0.6 29.2+0.2 <10% 31.0%
Without 27.6+0.4 46.4+0.5 - -
L=20(3:2)
With 21.8+0.9 31.5+0.6 <10% 32.0%
Without 28.9+0.9 49.6+0.7 — -
L=20(2:1)
With 20.9+0.5 31.7+0.3 <10% 36.1%
Without 27.2+0.8 43.1+0.4 — —
L=30(5:3)
With 25.1+0.7 29.8+1.2 <10% 30.9%
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A Way to Improve The Resolution of Breast Diffuse Optical Tomography”

LI Lun", WU Dan”, WEN Yan-Ting"”, CHEN Yi", CHI Zi-Hui”, TIAN Yin", JIANG Hua-Bei"”
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Abstract Objective Diffuse optical tomography (DOT) has low signal-to-noise ratio in the detection of big
breasts in women, resulting in low imaging resolution. This paper proposed a way to improve the resolution of
diffuse optical tomography, based on the computed tomography laser mammography (CTLM). Methods All
experiments in this paper were phantom experiments. Firstly, this paper explored the effects of phantom diameter
and target depth on the resolution of DOT. Secondly, this paper proposed to use the flexible photosensitive resin to
make the outer covering part through 3D print, then use the outer covering part to constrain the measured object to
reduce the diameter of the measured object to optimize the resolution of DOT, after verifying that the outer
covering part had no significant effect on the resolution of DOT. Results In this paper, it was verified by
phantom experiments that the changes of the phantom diameter and the target depth would affect the imaging
resolution. With the increase of the phantom diameter, the wide-axis FWHM and the long-axis FWHM of the
ROIs (region of interests) basically showed an upward trend. With the increase of the target depth, it was also
affect the wide-axis full width at half maximum (FWHM) and the long-axis FWHM of the ROIs. The
experimental results aslo found that the diameter of the phantom had a significant effect on the long-axis FWHM
of the ROIs, and the target depth has a significant effect on the wide-axis FWHM of the ROIs. In addition, the
results of the phantom experiment verified that the outer covering part had no significant effect on the resolution
of DOT. Simultaneously, after compressing the measured object with the outer covering part, the long-axis
FWHM of the ROIs decreased significantly, and the reduction reached more than 30%, which was much larger
than the wide-axis FWHM of the ROIs. It was confirmed that it could achieve the effect of improving the imaging
resolution by using the outer covering part to constrain the measured object. Conclusion The way proposed in
this paper can achieve the effect of improving the resolution of breast diffuse optical tomography, and the
materials and methods used were simple and had strong practicability, which provided a new idea for improving

the resolution of breast diffuse optical tomography.
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