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Experimental Studies on the Calibration of Actual Organ
Size by Computed Tomography
Masatoshi Itoh, Harutsugu Yamaura, Tachio Sato, Satoshi Endo,
Kenji Yamada, Shinichi Okuyama and Taiju Matsuzawa

Department of Radiology and Nuclear Medicine, The Research Institute for the

Tuberculosis and Cancer, Toholku University, Sendai, 980, Japan

Research Code No.: 203
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Examinations were carried out on the stability of the computed tomographic (CT, Delta)
numbers and on the method of volume calibration. The diurnal and daily changes and spatial
independency of the Delta numbers were slight even though some visible artefacts were existing. At
the interface of the two materials of different x-ray attenuation coefficient, Delta numbers change
gradually from that of one material to that of the other. This makes it inaccurate to calibrate the
actual size of materials by CT images. This phenomenon is chieflv due to the partial volume
effect and the edge response. Although even in this instance, the true boundaries of materials can
be identified with the median Delta number of the two substances.
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Fig. 1 Diurnal fluctuation in the Delta numbers,

The phantom A was scanned every 2 hours. Delta
numbers of 5 plastic rods, at the center of the
rods, and those of water, at the center of the
phantom, were plotted. Data are presented as
mean-ts.d. of 52 pixels.
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Fig. 2 Monthly change of the Delta numbers. The

phantom A was scanned at 9 A.M. everday.
Delta numbers of 5 plastic rods and water were
examined. Data are presented as mean-s.d. of
each month.
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Table 1 Mean Delta numbers and the specific gravities of 5 plastic rods and water.

| ! Delta Number ;'
Materials Chemical Formula | Density”(g/cm®) | S S I S S i
5 Average® 1 S.D.
CPlexiglas [ GH,O, 119 121.3 i 74

o Lexan T  CyH,,0, - 1.20 RN iy 104.3 o Ay 6.8 ___ |
B N N T S —
_ Polystylene  ~  CH, 1 105 -263 64
i_ Paolyethylene CH, - 0.92 —ﬂs_ 6.5 -
b H,0 100 0.2 72 |

* Average of 4 months. (October, 1977-January, 1978).
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Fig. 3 Spatial independency of the Delta scanner,
the phantom B was scanned. Delta numbers of
water were plotted horizontally and vertically
across the center of the phantom. Data are pre-
sented as mean+s.d. of 52 pixels.
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Fig. 4 Effects of artefacts produced by steel wires,

(A) A pair of steel wires of the same diameter
(0.8, 1.4, 2.0mm) were set in parallel in the
phantom B. The distance between the wires was
Zem. CT image of 2.0mm needles are shown in
this picture (Window level at 0, window width
at 200).
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Fig. 4 (B) Delta numbers of water were plotted
vertically across the center of the phantom.
Data are presented as mean--s.d. of 52 pixels.
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Fig. 5 Effects of artefacts produced by Barium Fig. 6 Effects of the edge response on the CT
solution. ) image. A part of water of the phantom A was
(A) Two styrol bottles containing 4 % Barium sul- replaced with air and CT scan was performed.
phate solution were set in the phantom B. CT Note the different diameter of rods, all of which
pictures were taken every 20 minutes. The win- are same sized. The window level was set at 0
dow Jevel was set at 0, and the window width and the window width was set at 400.

was set at 200,

A. Just after dissolving the Barinm into water.
B. 20 minutes later than A.

C. 40 minutes later than A.

D. 60 minutes later than A.
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i (A) Delta numbers at the border of each plastic
i Ay rods were plotted every Imm. The situations of
i the phantom were the same as fig. 6.
- 4 (B) Delta numbers of each pixels were recalcula-
ted so as to express the percentage to the Delta
L N 4 numbers of each rods (relative CT number). But
i in cace of the polystylene rod, the Delta num-
i & bers between the rod and air were divided into
I i o 100, The true radius of rods, 12.Dmm, was
i \. expressed by the relative CT number of 50%;.
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Fig. 8 Inaccuracy of the CT image. Three blocks of different X-ray attenuation
coefficient, A, B, and C, stand in a line. Because of the edge response, CT
numbers change gradually at the interface of the blocks. The length of the
block B can be displayed differently on the CT image with changing the
window level or width.
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Fig. 9 The distance calibration by CT. Two plates
of vinyl chloride, thickness of each plate was 6
mm, were set in the air at a distance of 12mm.
A CT scan was done at a right angle to the
plates, and Delta numbers were plotted. The true
thickness and the true distance of the plates

“was expressed by the Delta number of-100, near
the mid point of the Delta numbers between air
and the plastic.
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Tig. 10 The partial volume effects.
The phantom A was inclined at some angle, in
this case the angle was 20°. If a CT scan was
performed with the slice thickness of 8mm, some
pixels contain only a part of the rods. (A). This
cause the gradual shift of the CT numbers. (B).
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Fig. 11 Combination of the partial volume effects
and edge response. Delta numbers of the rod,
shown in fig. 10 (A), were plotted every 1 mm
(%x—x). These are the sum of the partial vo-
lume effects (O—©O) and the edge response
(I ). Note the true edge of the rod was obta-
ined by the relative CT number of about 50%.
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