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Summary

Bone single-photon emission computerized tomography (SPECT) is used to clarify the anatomical
position and distribution of an abnormal accumulation by whole-body image of bone scintigraphy. In the
skeleton, bone tumors may located from the superficial to deep bone areas. In this study, we investigated
the effects of differences in signal depth on signal detectability. SPECT images were reconstructed by
placing positive signals at one point each in the central, deep, and shallow parts of the quality assurance
phantom. The stability of image quality, ROC analysis and image classification of deep learning were
evaluated. The signal to BG ratio was 6:1.  The %Contrast was stable at 6 minutes and the background
variability was stable at 7 minutes or more. In the ROC analysis, the signal was accurately recognized if
the acquisition time was at least 7 minutes. 'The accuracy rate of classification was 78.9% before image
correction and 91.7% after image correction. The difference in the presence or absence of image correction
was improved, especially in the deep signal and the center signal after the correction. Moreover, the
background variability was stable even if the acquisition time was several minutes. In bone SPECT, our
findings suggest that detectability was different depending on the depth of the bone tumor.
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SPECT quality assurance phantom with positive signal

(left: overview, right: seen from above)

SPECT images were reconstructed by placing positive signals at one point

each in the central, deep, and shallow parts of the quality assurance
phantom. The background area was the upper 20 mm of the phantom.
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Fig. 2 Disposition of ROI (a: %Contrast, b: background variability)
Based on the guideline method, ROI was set to signal and background and average pixel

value were measured.
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Table 1 Architecture of Convolutional Neural Network

Output Kernel Shape Strides
Input 1,128,128
Convolution 16, 128, 128 3,3 1,1
RelLU 16, 128, 128
BatchNormalization 16, 128, 128
MaxPooling 16, 64, 64 2,2 2,2
Convolution2 16, 64, 64 3,3 1,1
RelLU2 16, 64, 64
BatchNormalization2 16, 64, 64
MaxPooling?2 16, 32, 32 2,2 2,2
Convolution3 16, 32, 32 3,3 1,1
RelLU3 16, 32, 32
Convolution4 16, 32, 32 3,3 1,1
RellU4 16, 32, 32
Convolution5 16, 32, 32 3,3 1,1
ReLlLU5 16, 32, 32
MaxPooling3 16, 16, 16 2,2 2,2
Affine 100
RelLU6 100
Dropout 100
Affine2 100
ReLU7 100
Dropout2 100
Affine3 4
SoftmaxCrossEntropy 1

FHE (Recall), FfH (F-measure) & L72,
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Intel® Core™ i7-10700K @3.80GHz, X € 1) :
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Windows 10 Td 5o
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Fig. 3 SPECT image with changed signal position

It appears difficult to identify the signal by setting the signal location deeply and decreasing the
acquisition time.
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Fig. 4 Image quality of positive signal
(a) % Contrast before image correction
(b) %Contrast after image correction
(c) Background variability before image correction
(d) Background variability after image correction
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Fig. 5 ROC curve of central signal
Acquisition time was (a) : 1, 2, 3, 4 minutes, (b) : 5, 6, 7, 10 minutes
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Fig. 7 ROC curve of shallow signal
Acquisition time was (a) : 1, 2, 3, 4 minutes, (b) : 5, 6, 7, 10 minutes
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Table 2 Result of classification using deep learning

training data test data Accuracy(%) Precision(%)  Recall(%) F-measure(%)
6750 minutes after 175 minutes after q) 7057 ) 1249  8g7%7.1  88.8+6.2
image correction image correction
6—30 minutes after 1-5 minutes before 78.9+ 4.9 77.046.1 76.9%7.0 741470

image correction image correction
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