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I. Introduetion

Radiation dosimetry, using a tiny glass rod containing silver-activated phosphate,

was originated and developed in the United

States of America by Schulman and others

(1950), and in recent years it has been used in several clinics in Japan for the dosimetry
in radiotherapy and also discs of the same fluoglass has been used for the purpose

of radiation protection instead of filmbadge in several laboratories in our country.

Here, I will refer only to its clinical use.

This method of radiation dosimetry is

very useful particularly in the case of a deep seated tumor because of the small size of

the rods (1 mm ¢x6 mm).

A number of these rods can be implanted in the tumor or
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inserted in the body space before irradiation, and the dose can be measured by a fluoro-
meter after treatment. A schematic diagram of the fluorometer is shown in Fig. 1.
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Fig. 1. Schematic diagram of fluorometer
developed in Japan.

II.

Table. 1. Comparison of fluoreds components
of 2 types.

JPhysical Characteristies

The basic component of the fluorod glass which was used in our study was so-
‘mewhat diiferent to that of schulman’s original, being composed of some ingredients of
lower atomic numbers. Comparison of these components is made in Table 1.

As a result, energy dependence of sensitivity of an uncovered rod in the lower
-energy range (X-ray, 656 KeV), was reduced to almost six times that of Co-60 y-ray.
‘The energy dependence sensitivity of a covered fluorod, using various metal sheathes,
was also examined in air (Fig. 2). It was found that a sheathe of platinum of 0.2mm

‘thickness seems to be sufficient for dosimetry of conventional X-ray (energy range of
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Fig. 2. Comparison of energy dependence of two
fluorods and their variations in energy depen-
dence caused by different metal sheathes of
different thicknesses.
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Fig. 3. Comparison of depth dose curve of 2
types of fluored and ionization chamber, for
Co-60 y-ray and X-ray (200 KVp). Field
size: 10x10 em
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250 KVP).

When the depth dose curve was plofted in Mix D phantom using uncovered rods and
comparison was made to the curve obtained by an ionization chamber of the Victoreen
type (Fig. 3). For Co-60 v-ray there was exellent agreement in both dosimetric methods.
However, for X-rays with 200 KVP, as the depth was increased in mix D phantom,
higher values were obtained but the lithium fluorod were a little better than those of
Schulman’s original barium fluorod. Otker characteristic properties of the fluorod such
as directionality dependence, temperature dependence and dose rate dependence have
proved satisfactory for our clinical use.

Precautions should be taken to avoid damage or contamination of the rod containing
body fluid during clinical procedure, or the fluorometer reading may ke abnormally high.
It is therefore recommended to use the fluorod enclosed in a polyethylene or appropriate
metal sheath of correct thickness.

III. Clinical Experiments

1) In oesophagus cancer the fluorods enclosed in thin polyethylene tuke, with and
without metal sheath were inserted in the oesophageal space in the center of the tumor
during the treatment. The actual dose measured by this method was compared to the
calculated dose. It was found that there was great variation in individual cases, especia-
lly, in the middle portion of oesophagus when pendulum therapy with 330 deg. was made by
conventional X-ray. Tissue correction factor in this case was 1.4, while in full rotation
treatment with Co-60 this factor was lower than 1.1 and its variation is also smaller
than that of conventional X-ray (Fig. 4).

2) In some cases of stomach cancer the polyethylene enclosed fluorods were sewn
into the stomach wall in several places with examinational laparatomy. Attached to
the rods were small metal markers. Preoperative-irradiation with Co-60 unit was perfor-
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Fig. 4. Tissue correction factors in chest regions irradiated
with moving beams of X-ray (200 KVp) and Co-60 y-ray,
X.ray (330 deg. Pendulum), Co-60 (Full Rotation).
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med. It was followed by resection of the stomach and the dose of each rod was
measured. It was found that a part of the stomach which was in the irradiation field
at the beginning of the treatment had slipped out of the field, due to dislocation by
shrinkage of the stomach during treatment period (Fig. 5).

Fluld Center

3200r(93.6%)
3000r (87 %)
2900r(84,8%
Posterior Wall 2500r(76 %
1600r(468%)
{ Air SurfaceDose 3420r)
(S.5.D, 75¢m)
After Rudroﬂ'u.mw
Fig. 5. Photograph with schematic illustration Fig. 6. X-ray photograph of inserted fluorods en-
of fluorods sewn to stomachs wall. Reduction closed in ureteral catheter with metal markers
in dose D is due to fluorod having slipped out which gave positive shadows. Intracavitary
from irradiation field during treatment period, irradiation with Co® tubes.

3) In carcinoma of the cervix uteri, dose measurement was made both by external
beam radiation therapy with Co-60 and by internal irradiation, using Co-60 tubes. 12
polyethylene enclosed fluorods were inserted through urethra into the bladder and the
ureter, as shown in Fig. 6. The highest dose was obtained by internal irradiation at a
position 1cm higher than the ureteral orifice as shown in Fig. 7.

For the treatment of pelvic infiltration of the carcinoma uteri, Co-60 moving beam
therapy from two portals seated anterior and posterior with 70 deg. pendulum was used
on point B in pelvis. Maximum dose area was off course broader and higher in position
along ureter than that of internal irradiation (Fig. 8).

4) For carcinoma of the bladder a rubber balloon with fluorods attached to the
inside surface was inserted into the bladder through the urethra and blown up with air.
Dosimetry of front and back wall was made separately (Fig. 9).

As some variation between the calculated and the measured dose was found, further
investigation is needed to determine the difference in exact dose of the tumor which lies
on different part of wall of the bladder.

5) For carcinoma of the tongue, often treated by interstitial irradiation with radium
needles, fluorod dosimetry is especially useful, but fluorods are better sheathed in metal
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Fig. 7. Dose distribution curve by intraca-
vital irradiation of carcinoma of cervix

uteri.

Fiz. 9. Fluorods with markers attached to
inner surface of blown-up rubber balloon
in bladder.
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Fig. 8. Dose distribution curve by exter-
nal irradiation of carcinoma of cervix
uteri, using Co® in front and back por-
tals of 70 deg. pendulum.
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Fig. 10. Single-plane interstitial trea-
tment of tongue with radium nee-
dles. Fluorods A and B are in pla-
tinum sheathes.
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for puncture in tumor. As shown in Fig. 10, doses at A and B were 24 r/hr and 106
r/hr respectively. The close of the polyethylene enclosed rod put at the center of surface
of the tumor was 37 r/hr. The latter value is in good agreement with tumor dose of
Paterson-Parker’s table which is 38 r/hr.

From the results of 6 cases of tongue cancer ke dose values of the fluorods enclosed
in polyethylene tube which were put at the surface center of the tumor were in fair
agreement with the dose calculated when single plane irradiation with needles was per-
formed. (This applies to single plane irradiation only and not to multiplane.)

IV. Conclusion

Fluorod dosimetry is an exellent, practicable and reliable method for routine clinical
use, because of the small size and other characteristics of the rod. It has been employed
successfully for the treatment of cancer in almost all tissue and space of the body.

It can be used for patients receiving ionizing radiation within the energy range of
250 KV to 2000 KV, including radium, radon, Co-60, Cs-137 and high-energy X-ray

generators, regardless of portal size and depth of tumor in the body. It can also be
used for conventional X-ray treatment of lower energy by using appropriate metal sheath.

It is feasible for the measurement of an accumulated dose on Co-60 treatment up
to 10000 r within a certain treatment period. A much wider use of it is desirable from
many points of view, and is highly recommended.

Remark: This paper was presented on August 31, 1662 at Xth International Congress of Radiology
in Montreal, Canada.
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