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CT (computed tomography) imaging. technology has achleved shorter scannils
times for each section .and enabled simultaneous acquisition of miultiple sections.
Three-dimensional image process:lng and Vlsuahzatmn technlques have been
‘developed to support clinical demands. Greater use of CT technology, however, .
has regulted in delivering increased absorbed doses to patients. Stat1stlcal'
reconstruction methods used. for CT image reconstruetion have béen applled
chnlcally Over the past, decade tlns development has brought new standards for
reducing rad1at10n exposure while achieving chnlcally acceptable image quallty

The sparse modeling theory permits fewer acquisition data to be used for
complete reconstructlon of s1gnal image, and audio processing. Compressed
sensing is'a solutron for ill- posed Inverse problems in image reconstruction, such
as the sparse- V1eW/under sampling problem and noise removal ﬁom prdjection
data. Total variation (TV) regularization is a key technology in determnnng the
uniqueness -of the solution.

The purposes of this study were to (1) examine the effect of statistical
reconstruction algor1thms and compressed sensing during TV regularization; (2)
retain image quality despite projection data elimination; (3) explore the number
and distribution. of projection data needed to maintain adequate image quality;
and (4) apply weighted TV values with prior image constraints.

Two CT images of the maxilla in a single series were used. Projection data
acquisition was carried out. The prOJectlon data to be used for .CT imiage-
reconstruction were adjusted by selective data removal. First, data intervals
were increased from 1° to 2° or 4° and the number of pro;;ectmn data reduced from
860 to 180 and 90, respectively. Second, the sampling:. range was reduced from

°-360° to 0°-180°.. Third, the limited sampling range was. combined with
increased data intervals Fourth, further projection data elimination was
attempted using the TV regularization. For this step, the number of projection
data were set-at 45 and 86 in 0°—180° (at 4° and 5° intervals, respectively). '

CT images were reconstructed following elimination of the projection data
usmg the four methods Whether the original i image quality was maintained was
evaluated in previous studies [Dong, J, et al. 2014, ete.]. Tt had been assumed -
that the use of 360 projection data collected in the range of 0°-860° at. 1°
intervals was sufficient to reproduce the original quality. We aimed to
investigate the possibility of further projection data manipulation in combination




with statistical reconstruction algorithms: An algebraic reconstruction technique
(ART) and the maximum likelihood-expectation maximization (ML-EM), an
iterative restoration technique, were examined and compared . with the.
traditional filtered back-projection (FPB), a standard inverse-Fourier transfer.
The compressed sensing theory proposed by Donoho, DL (2006) provided a
theoretical and technical basis for CT image reconstruction under the condition
of incomplete data acquisition. The theory suggested that, if the signal is sparse
and the data are sampled at a lower rate than the Nyquist frequency, the original
signal could be restored by appropriate optimization. Sidky, EY, et al. (2006)
proposed the ART-TV technique based on TV regularization, which transforms
the CT reconstruction issue to a constraint optimization problem
When the sampling range was 0°—360°, image degradation by radial streak~
lines was apparent in the case of 4° intervals and 90 projections. But it is to a
lesser extent on ART- and ML-EM-reconstructed images. When the range was
0°-180°, image degradation by radial streak lines was apparent, but the
degradation was not as severe as the above case. The degradation on ART- and
ML-EM-reconstructed images was less, marked. When the ART-TV was applied
for the combinations of 4° with 4b and 5° with 36 in 0°—180°, the image
degradatlon was minimal despite the reduced projection data. When weighted TV
values Wlth prior image constraints- were applied, images were reconstructed
using sparse projection data without degradation. . =~ ’
The root-meéan-square error and signal-to-noise ratio values both décreased
with the reduced pro;lectlon data, but the quality of the reconstructed images was
‘best when using the ART-TV Both ART and ML-EM required heavier calculation
loadlng ‘than FPB. Those for ART and ART-TV were compatible. -
In conclusion, 1ncomplete projection data due to eithér limited angle co]lectlom
- (from- 360° to 180°) or thinning of the projection data (from 1° to 5° intervals)
permit radiation dose redtiction while sustaining image quality. It is achievable
with the combination of statistical reconstruction algorithims and the compressed
sensing method with TV regularization and prior imagé constraints: Despite
heavier ¢computational calculation Idading, these methods should gain greater
acceptance as computer calculation power continues to expand. :
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