J. Korean Soc Ther Radiol: Vol. 8, No. 1, June, 1990

125

Dose Attenuation in the Mid-Cranial Fossa with
6 MV Photon Beam Irradiations

Jeong Ho Park, M.D., Tae Jin Choi, M.S. and Ok Bae Kim, M.D.

Deaprtment of Radiation Oncology, College of Medicine, Keimyung University, Taegu, Korea

In X-ray irradiation, dose distribution depends on multiple parameters, one of them being tissue
inhomogeneity 'to change the dose significantly. considerable dose attenuation through the
mid-cranial fossa is expected because of various bony structures in it.

Dose distribution around the mid-cranial fossa, following irradiation with 6 MV photon beam,
was measured with LiF TLD micro-rod, and compared with the expected dose inthe same sites.

In our calculation with C (correction factor), the expected dose attenuation revealed about 3.
74% per 1 cm thickness of bone tissue. And the differences between the expected dose with
correction for bone tissue and the measured dose by TLD was small, agreeing within an average

variation of +0.21%.
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INTRODUCTION

For several decades radiation therapy had
played an essential role in the treatment of pituitary
tumors, and efficacy of radiotherapy as the sole
treatment modality had been well established!~*12,

In addition, it has been shown to be an important
adjunct to surgery in reducing the frequency of
tumor recurrence®~"13,

Hence mid-cranial fossa was composed with
various thickness of bone, we could suppose that
the tissue inhomogeneity by bone would be pro-
duce dose attenuation in photon beam irradiation.
However, there have been few reports on the bony
attenuation through experimental measurement in
the mid-cranial fossa.

So, we carried out dose evaluation within the
mid-cranial fossa and reporting the results of it. In
this experiment, the results of does attenuation by
bone tissue were evaluated with 6 MV linear accel-
erator, cadaver skull and thermoluminescent
dosimeter.

METHODS AND MATERIALS

In the determination of dose distribution at the
mid-cranial fossa, adult cadaver skull was used to
make the similar condition of patients treatment
states. External surface of the skull was coated with
paraffins, which have radioclogically similar density
of the skin tissue and inner portion of the skull was
filled with water, which have similar density of the

brain. Also base of the skull was mounted on the
styrofoam in order to reproduce the correct posi-
tion as shown in (Fig. 1A).

LiF TLD (thermoluminescent dosimetry) was
used for dosimetry and TLD-fixer was used for
fixation of TLD on each measurement points during
every experiments. Anatomical value of the each
measurement points (Fig. 2B) and schematic dia-
gram of the TLD fixer is shown (Fig. 2A). Each TLD
was loaded on the fixer and they were settled on the
skull (Fig. 1B).

The irradiated TLD would be showing the typical
glow curve when temperature raise, and each
TL-intensity is proportional to the radiation
absorbed doses. However, each TL element even
though the same batches has some different re-
sponses on sensitivity'*!”. Therefore, prior to our
experiment, we tried to normalized them to the
dose of 100 cGy for 6 MV X-rays and evaluated by
the TL reader (Victoreen Model 2800) with standard
heating cycle. In our study, this procedure was
repeated for 9 times and their results is represented
(Fig. 3). Residual dose of the irradiated TLD was
annihilated for 3 hours at 300°C and 16 hours at
80C.

Computed axial tomogram was done parallel
with the irradiation beam axis and scanned with
slice thickness of 4 mm and scan interval of 2 mm
over the irradiation field (Fig. 5). The bone thick-
ness was determined by summation of the whole
bone structure between the external surface of the
skull and the each measurement points from the C.
T. scan.
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Fig. 1. A | The cadaver skull was mounted on the styrofoam for fixation during irradiations, and the surface

of the skull was coated with paraffin for compensating the soft tissue.
B ; Plastic TLD fixer was inserted in the cadaver skull. TLDs werg loaded at each tip of the fixer.
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Fig. 2. A ; Schematic diagram of the plastic TLD fixer.
B . Anatomical value of the each site of measurement.

Expected dose attenuation by bone absorption d : depth (cm)
was calculated by using the correction factor (Cj) de : soft tissue equivalent depth (cm)
which is presented as follows'®. where (d) represents for the depth of measurement
G =ghttd-d9 points, (de) for soft tissue equivalent depth for the

[ . effective linear attenuation coefficient bone thickness and () for effective linear attenua-
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Fig. 3. Relative TL intensity and reproducibilities. The intensity of each TLD was normalized to dose

of 100 ¢cGy for standardization.

tion coefficient of 8 MV X-rays. expecially, effective
linear attenuation coefficient was derived from the
ratio of TMR,s to TMR,'®. In this experiment, ()
was 0.0484+0.0004 cm™ for 68 MV X-ray of
MEVATRON KD 8067 dual energy linear accelera-
tor.

The cadaver skull was irradiated with right lat-
eral portal and 5 cm X5 cm was used as irradiation
field in SAD (source-axis distance) technique. 100
cGy was irradiated at the lower portion of pituitary
gland (position 1) without correction for bony
attenuation.

RESULTS

The reliabilities of LIF TLD micro-rod (1 mmXx6
mm) sensitivity had been studied by 9 times repeti-
tion of experiment is shown (Fig. 3), maximum
error £4.2% and all of them was within average
error of £1.88%.

From the computed tomogram by 2 mm scan
interval, the depth is obtained and listed on Table 1.
7.0 cm from the external surface of the skull to the
lower portion of pituitary gland (position 1) and 10.
0 cm to the lower portion of temporal lobe (position
9 and 10). Also there are listed bone thickness from
C.T.. Bone thickness was noted as 0.5 cm from the
external surface of skull to the center of pituitary
gland (position 3) and 2.5 cm to the groove for

internal carotid artery (position 7).

Expected dose (A) represent the uncorrected
dose for bone attenuation and it was decreased
with depth. Namely, the dose of the lower portion of
pituitary gland (position 1) was 100 cGy and the
lower portion of temporal lobe (position 9 and 10)
was 83.5 cGy.

Expected dose (B) represent the corrected
dose with C, for bone attenuation. Dose attenua-
tion at the maximum bone thickness (position 7;
groove for internal carotid artery) was 11.2%.

Expected dose attenuation ratio per 1 cm of the
bone tissue was derived from dose attenuation by
the bone tissue. Comparing the dose attenuation
per 1 cm of bone thickness at the most thick site
(position 7) with the most thin site (position 2) was
4.5% and 4.3%, respectively. And average 3.74%
dose attenuation per 1 cm of bone thickness was
expected.

Expected dose (A), (B) and measured dose (C)
by TLD was listed on the Table 2. The measured
dose (C) on Table 2 was averaged doses through
the 27 times of inadiation at each measurement
sites. The results of this experiment was shown on
Fig. 4. and the absorbed doses error of maximum,
minimum and average was +3.3.% at position 3
and 6, +1.1% at position 1 and +1.98% at all sites,
respectively.

Relative error ratio between expected dose (A)
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Table 1. Expected dose Attenuation by Bone Tissue

Locations 1 2 3 3 5 6 7 8 9 10
Depth {cm) 7.0 7.0 7.0 8.0 8.0 8.0 8.5 9.0 10.0 10.0
Bone thickness {cm) 0.6 0.5 0.8 0.8 0.6 0.9 25 2.1 1.0 1.3
Expected dase : {A) 100.0 100.0 1000 94.3 94.3 94.3 91.6 88.8 83.5 83.5
(cGy) : {B) 979 979 973 91.7 93.1 913 824 816 80.4 79.4
Attenuation ratio 2.2 2.2 2.7 2.8 1.3 3.3 1.2 8.8 3.9 5.2
(A—B/B) x 100 (%)
Attenuation ratio 3.6 4.3 3.6 3.5 2.2 3.7 4.5 4.2 3.9 4.0

/Bone (%/cm)

(A) : Expected dose without bony attenuation.
{B} : Expected dose with bony attenuation.

* Average attenuation ratio/1cm of bone thickness = 3.74 %/cm

Table 2. Expected vs. Measured dose with TLD

Locations

Expected dose : (A) 100.0 100.0 100.0 94.3

{cGy)
Expected dose : (B) 979 979 973 9N.7
{cGy)
Measured dose : (C) 975 96.5 1000 894
with TLD (cGy)
Relative error ratio 26 3.6 0.0 5.5
(A—C/C) x 100 (%)
Relative error ratio 0.4 1.4 27 2.5

(B—C/C) x 100 (%)

94.3 94.3 916 888 835 835

93.1 91.3 844 816 80.4 79.4

89.3 86.0 824 834 825 823

5.6 9.7 1.4 6.5 1.2 1.8

4.1 5.8 00 -22 -26 -3.6

(A) : Expected dose without bony attenuation,
(B) : Expected dose with bony attenuation.
*{C) : Expected dose with TLD.

and measured dose (C) was also listed (Table 2). At
the position 7 (groove for internal carotid artery),
expected dose 91.6 ¢cGy and measured dose 82.4
cGy was noted, but at the postion 3 (optic chiasm),
dose {A) and (C) showed same value despite of 0.
8 cm bony thickness.

In the relative error ratio between dose (B) and
(C) at the position 7 was exactly same as 82.3 cGy
and average of them was +0.21%.

DISCUSSION

Most of the tumor arising from mid-caranial
fossa is developed around the sella turcica, and
one of them is pituitary tumor accounting for about
10% of all intracranial neoplasms*8~19,

These tumors are usually treated by surgery,
radiation or a combination of the two. Hormone

secreting tumors of small size was easily detected
by clinical symptom and their treatement results
was good with transsphenoidal resection of
tumor®'Y. But, most of the pituitary tumor grow very
slowly and clinical symptom was not developed
until mass cause compression or irritation on the
adjacent tissues. So many pituitary tumors was
treated as maximal resection combination with
radiation therapy or radiation therapy alone after
cyto-patholgical confirmation®”'.

Dose distribution is depends on the energy of
radiation source, the size and shape of irradiation
field, the depth in tissue, the distance from radiation
source, the beam collimation, the surface irregur-
ality and the tissue inhomogeneity etc *~*%.

LiF TLD (LiF; 25%, Teflon; 75%) used in this
experiment showed good reliability with average
error of +1.88%, which was obtained from repeat-
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Fig. 4. Absorbed dose (cGy) at the given measurement positions in the cadaver skull.

Fig. 6. Images shbw the computed tomography of the cadaver skull. The topography shows the scan levels
with 2 mm intervals. And small white square images (arrow heads) measurement points.
A [ Topography B ; above 1 cm from the center
C ! The center D ; Below 0.6 cm from the center
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ed exposure of 9 times to each TLD. Also LiF TLD
have some advantages such as small in size, little
fading of the stored TL signals, and repeated uses.
So it is most frequently used for clinical
dosimetry!+®,

The results of experiment after repeated mea-
surement of 27 times on each anatomical point
revealed excellent dose reproducibility within aver-
age error of +1.98%.

Comparing the expected dose without adjust-
ment of correction factor with the actually mea-
sured dose, the maximal dose difference was 11.2%
at the groove for internal carotid artery, where the
thickness of bone is maximum among the mea-
sured points. But despite of presence of bone
tissue between skin and optic chiasm, 0.8 cm, there
was no difference in two doses. it may be due to the
measurement error +3.3% at that position (Fig. 4)
and TLD reliability error average +1.88% (Fig. 3).

The differences between expected dose with
adjustment of correction factor and measured
dose were small, agreeing within average error
of +0.21%. So we could use this expected values,
calculated for dose attenuation by bone tissue with
accuracy. Being taken consideration of correction
factor for bone tissue in 6 MV photon beam irradia-
tion, we could expect that the average dose
attenuation is about 3.74% per 1 cm thickness of
bone.

When the photon beam energy is lower than 6
MV, the attenuation by bone would be greater than
the values of the Table 1 and 2!%%19 Then it should
be adjusted by correction factor for bone to obtain
ideal isodose distribution.

Accurate evaluation of dose distribution on
mid-cranial fossa would be helpful for us to plan
more proper dose on the tumor and lesser dose on
the normal tissue in the radiation therapy. With the
results of this experiment, we could expect for
improving local control rates and diminishing nor-
mal tissue damages.

CONCLUSION

In 6 MV photon beam irradiation, expected dose
attenuation ratio was average 3.47% per 1 cm thick-
ness of bone tissue, being adjusted by. correction
factor for bone.

The maximum attenuation sites was the groove
for internal carotid artery, where bone thickness
was 2.5 cm and the attenuation rate was +11.2%.

The reliability of TLD used in this experiment was
good, showing average error of +1.88%.

As a result of 27 times repeated TL measure-
ment on each measuring point around the sella
turcica, dose reproducibility was acceptable, aver-
age error of +1.98%.

The differences between the expected doses
with adjustment of correction factor and the mea-
sured doses was small, within average error of +0.
21%. So it is advisable to apply the correction
factor for bone at the site of tissue inhomogeneity.
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