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“Clinical Application of Fluorod Dosimetry **
By

Tatsuo Arai, M.D.
Department of Radiology, School of Medicine Chiba University, Chiba, Japan
(Director: Prof. Hirotake Kakehi)

I) Physical Characterictics

There are few simple and reliable methods of dosimetry for the measurement of absorked
radiation in a small portion of living body. The limitation of the size of ionization chamber
makes the dosimetry of dose distribution in a small area and vivo dosimetry very diffcult,
and some times even imposible. While, the dosimetry with silver activated phosphate glass
fluorod, originated by J.H. Schulman, is considered to ke suitable for that purpose, Lecause
the flucrods are so small (1 mmgx6mm) that a number of these rods can ke implanted,
irradiated, and measured simultaneously after a single operation and radiation exposure,

The components of the fiuorod used in this study are a little different from Schulman’s
original one, and are composed of 509 LiPOs; 5095 Al (PO;)s; with an addition to this bace
of 7% AgPO; and 3% B203;. In this composition, some ingredients of rather higher atomic
number composed in the orginal rod, such as Ba, K are substituted with Li, which is of
lower atomic number. Therefore, the energy dependence of the rods is fairly improved, and
the sensitivity of the rodsto cobalt-60 radiation become approximately one sixth of their
sensitivity to 65 Kev X-rays. Futhermore, the linearity, the dose rate, the directional inde-
pendence and depth dose rate in phantom are examined, and all results indicate the clinical
applicability of the rods. As far as 200 Kvp X-ray is concerned, the depth dose rate measured
with this rods shows several per cent higher than that measured with Siemens’ Universal
Dosimeter.

II) Clinical Application

Several clinical investigations were done for practical application as follows,

1). The tissue correction factor in chest cavity.

X-ray treatments on 200 Kvp with 330° pendulura technique or complete rotation irradi-
ations on cobalt-60 unit were given to the cases with carcinoma of the esophagus of 49
cases in total. The fluorods were left in the esophageal cavity for each cases during the
treatment measuring the actual tumor dose. The tissue correction factor of the chest
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were calculated with the dose measured by fluorods. The average value were 1.4 and 1.2 at
the middle and lower part of the chest for X-ray, 1.08 for cobalt-60 radiation at middle part
respectively.

2). Tumor dose of carcinoma of the stomach on telecobalt fixed field treatment.

24 cases with carcinoma of the stomach underwent radiation treatment on cobalt-60 unit
at SSD 25c¢m through one field fixed anteriolly. The fluorods covered by thin polyethylen
tube were left in gastric cavity at the point fit the center of tumor during the irradiation.
The depth dose appeared to be 50% at the cardia, 70% at the pylorus region.

3) Dose measurement combinated with operation.

A case of the gastric cancer first underwent exploratary laparatomy sewing fluorods into
several point of the stomach wall. Secondly telecobalt pre-operative irradiation was given
which was followed by total gastric resection one week after irradiation. Tissue of the sto-
mach wall were shown in Fig. 19.

4) Bone marrow dose

The value of fluorod dosimetry using half value layer method in ordinal phantom for hone
marrow dose on 200 Kvp X-ray appeared to be several per cent lower than one measured in
femur ejuivalent ‘‘ bone phantom .

5) Intracavitary dosimetry of the urinary bladder.

A rubber balloon in which fluorods fixed inneraspect of the wall was first inserted
intracavitary and ordinal volume of the bladder cavity was kept with air pressure during the
irradiation. Thereby, dosimetry in front, back or any part of the bladder wall which we
wanted to measure were done separately well practically.

6) Dosimetry for interstitial implantation.

Measurement of the actual dose including many factors on interstitial implantation of small
sources is very important practically.

One, however, have to recognize having still so many problems. Fluorod technique was
tried to find out its usefulness for this purpose. 0.2 mm platinum sheathed fluorods were
punctured in situ of the case with carcinoma of the tongue irradiating with radium needles
interstitially. It was found to be very diffcult determing the given dose, because the values
were significantly different at point by point. In other hand, in the case which fluorod was
put on the surface of the tumor, measured dose closed enough practically the value calculated

with Paterson-Parker’s table.
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Fig. 1 Toshiba Type II Fluorometer
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. Fig. 2 Schematic diagram of fluorometer (Tos-
hiba Type II)
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Table 1. Diameter of Fluorod

——
Diameter of Fluorod i Number of Cases ‘

1.03~1.0399m 1
1. 02~1. 0299 38
1. 01~1. 0199 82
1. 00~1. 0099 108
0. 99~0. 9999 T8l
0. 93~0. 9899 42
T 0.97~0.9799 20
0. 96~0. 9699
0. 95~0.9599
). 86~0. 8699
_Total 387 |

BN 2 7 —OFIEE TR, MIRORE X oEEi
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Li-g§5407, Ba-p§F15A 2 Hisk3 23R U4
- OCo-y R DREIMEMES 247072, ZTOWERR
2R T. HWEEEX3EOFHETS 5.

Table 2. Fluorometer readings of fluores-

cence from the rods 300 r exposed on
%Co-y radiation.

Ba-Fluored Li-Fluorod
Fluux:ome1:er| Number |Fluorometer| Number
Readings | of Cases Readings of Cases

28~ 28.99 | 1 31~ 31.99 1
29~ 29.99 1 32~ 32.99 0
30~ 30.99 1 33~ 33.99 4
31~ 31.99 5 34~ 34.99 8
32~ 32.99 [ 35~ 35.99 15
| 33~ 33.99 1 36~ 36.99

37~ 37.99 2

38~ 38.99 1

Total | 15 | Towal 40

Li-g4Fofld EiiE (X) 1236.1C, Fofm
iz (o) 131.25TH 2. FhBIEEERFE
i o/%=1.25/36.1=0.0347TH 5. RE>THE
R+ 3.5% &% B. FU XS Ba-gyT it
BT 3 E ¥= 31.85 6=1.29 ¢/T=0.04075E 1
izt 4.1% &0 5. WENRELD Li-giokn
WEMERL TV 3.
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SCo-fRDPERRIZZE 3FTRT Y TH 3.
InFELY Ba-RTonn Li-gT L hRESR X
WIENRPIBR, Zihix Pre-Dose oz L
T3 EEZ b3, Li-pgF o/ Nl F fEf ik
1T THB.

INERU

FBEOERA LA A —5 —oh, 2 2525
1 Degelman D 2R L72d D TH%. Schu-
Iman®® PSRN HEE L HlEde, JEx b 1
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Table 3. Dose responce-Sensitivity on var-
ious types of fluorod exposed to **Co
Gamma-ray.

Dose | Li-Fluorod Ba-Fluorod
(r) |Fluorometer| Sensit- Fluo;ometer‘ Sensit-
Readings ivity [Reading ivity
0 0.5 2 |
100 12.5 4.2 11 22.2
300 37 4.1 33 19.4
500 64 3:9 57 18.1
1000 124 4.0 115 LTt
3000 365 4.1 330 18.2
5500 730 3.8 610 18.1
8600 | 1100 3.9 850 20.2
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BESER En, ECIET2Ho B &
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BELLTENTW3EEbNhS.
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TR TAIROER L Y, FOMIEEfEE 2R
2L0.016 L7, FHHEOMA L T DEEHIRY
FEM2EEEOL O THor:. IEMRESIIX
TOBEEZEEI L THZEORE WD DR HEE
NHB5.

WIS, BEWCoWT BEHEOWE T3 Ba-
WT LY Li-Fok MEn Tz, Li-piT o

EElX+ 3.5%TH %78, Bauch & Lomb® 135

%, Barr?® %4 %, Hine?) 115%, K%

— 73 —



758

3% LWMREBRETH D, BT OHl ek
%, WFOEKKCEKTOE A T 0—EA
HEOMIBLADPEAERTREINTEY, B
WZEEHE A — 7 —ITIAT b R SRS & 8
BFHEEEZAB LT3, ZhbnZ & 23#EE
T3, WEREEDRRL 3 % Bbh 3.
=BT, Iz oWwT Barr®) 33 Photovolt ;
Fausch & Lomb W55 & i LT\ %25, s
FfERT S DT, FHEOME L HBHS -, W
ANElGERRED 1 Bausch & Lomb®), Roswitl®) g3
Cobalt-60 ¢50r :EoT\Ww2a, 3IEMEET
B BUETETHZ05, BATWIEWE
L5

FLE HTFOEREHOEBOMEORE
AWFFEVAE L 7= RIS E S XA« B fE
4 ( 250KVP 20mA) #raiEX- 300( 300kvp.
10mA) Co : jyest R-T 2000(2000% v —)
B7Cs: Hirfl TS-2000C A (2000% 2V —) &
b5, WESIE & LTy — 2 v 2o =3 —y
NEGUR Y, RCZBIYRPOR A 2 72 YT
FUIEHIE UC1 AT 34D EfER L, Z0%
WalEfE s L.

B1E R

ZRP TR TR A R 0 B BE—

(R REHEEE, MRS ORISR 2

" #
I a
15 b= < ‘\ ----- Ba~Fluorod{bara!
\
k) = Li=Fleorod(bare)
\
S, e - (05 Cucovend
1 kY =0 =~ (10™Cu coveres)
- *
= k A—a . 150" Cutowred)
Ziok ‘\ XX = (027P1 comred)
=
&l A
b -] 4 hS
2
1 4
e /\ h
E5i= \ S
s S
«
& ‘\\ S~
““HT%F ~f
o
R e T —
L i P T
50

e
¢] [ 250

00 B0
Energy (kav)
Fig. 3 Comparison of energy dependence of flu-

orods and their variation energy dependen-
ce coused by different metal sheathes of
different thickness.
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Tig. 4 Dose response curves of fluorod on Xray,
The Ba-glass linearity is observed between
5 to 1500 r and 1 to 2500 r in Li-glass.

Ba-f§ 713 5 ~1500r Li-R§Fix 1 ~2500r V2
MRERRD LN Ba-BFoHFRLIETFLHX
BUREE LV, WIORONTFIRENRS LB L
BEOBEA BEFT 5 (Saturate) 33 4000r {3
TREOEITE] S,

R v = —H (0Co) oy, 45K
DM THB. Ba-FST 13 50~ 10000r Li-m5T-
1210~ 10000r VCHERERS B, EHEEZ B LY
BL-RFC1r 3 CRIETRETS 5. Emina:
310°r T, ZhLlEofRi cafai L i » 3.

1. 3X 10 TR TR O Y s3I 22 L

., 7



18738429 F25H

so0 1
EScmmu-Rcr } o
oo+
2 b
b
@
.
Ba001
1 ¢
5
=
L gt - o—o Be-Glass
T *—% Li-Glass
e ! : = ) . |
[1] fiew Jece #F50a Eooa T5en oo fagon FEEE
— Dose (r)
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Fig. 6 Bild up (Growing up)-time curve of flu-
orescence. Useful stability was shown at
least 10 hrs after irradiation.
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Fig. 7 Fading of flucrescence. Mean reading of
the fluorescence of 10 exposed fluorods over
a period of 62 weeks, The fading in the
first week was non significant.
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Fig. 8 Dose rate independence on X-rays. (2.3r/
min.-275 r/min.)
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Fig. 9 Dose rate independence on gamma-rays,
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Fig. 11 Comparison of depth dose curves for
X.rays (200 Kvp) obtained by fluorod and.
ionization chamber in depth of 2cm, 5em,
10 cm in various field size,
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Fig. 12 Directionality of fluorods irradiated with
X and y-rays. Directional independence was
observed except fluorod axis agreed with
the beam direction.
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Fig. 13 Dosimetry of the esophagus in the chest
phantom irradiated on conventional X.ray.
There was no significant difference of value
for fluorod and jonization chamber
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Fig. 14 X-ray picture of inserted fluorods encl-
osed in vinyl tube with metal markers in
the esophagus.
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Fig, 15 Esophagus dosimetry in the paitient tr-
eated with conventional X.ray. The signifi-
cant difference was shown between calcula-
ted value and fluorod measurement causing
by bone and lung tissue (Field size 5312
cm)
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Fig. 18 Stomach dose distribution irradiated on
tele cobalt unit. (Field size 8>8cm)
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Fig. 19 The X.ray picture for sewed fluorod in
to the stomach wall on the left, informat-
ion of the result on the right, reduction in
dose D is due to fluorod having slipped out
from irradiation field during treatment per-
iod.
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Fig. 21 Comparison of "attenuation curve of
fluored and ionization chamber in bone
marrow phantom for X-ray on 200 kvp.
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Fig. 22 Relation between half layer value and
absorption tissue factor. (IN.B.S. hand book
£2)
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Fig. 23 Upper arm phantom. Humerus was sur-
rounded by mix D.
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Table 4. Comparison of bone marrow dose in difference bone component with different dosimeter.
N Specifi Half-Value | Effective | Absorption | Depth Dose| Bone Mar-
Gp'em‘. i Dosimeter | Layer Voltage | Factor Rate row Dose
ravity (Cu:mm) (Kev) | (f:Water) | (%) | (%)
. | Siemens 0.99 | 80 0.924 52 48
Compositi- 1.29 |
on Bone Fluorod 0.76 71 0.916 57 52
Si 3 75 0.920 50 46
Bull Bone o iemens 0.88 ]
Powder Fluorod 0.74 69 0.915 54 19
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Fig. 24 Dose distribution of the upper arm irr- Fig. 25 Depth dose curve of the upper arm ph-
adiated with 200 kvp X.ray. (Field size 12 antom at the horizontal midline. irradiated
cm #) with 200 kvp X-ray.
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Table 5. Bone marrow dose in the upper arm

Half-Value(:Cll.la};rm) Effective | Absorption | Depth Dose| Bone Mar-
Field Size S Votlage Factor Rate row Dose
Cap Plate (KeV) | (f: Water) (%) (%)
6cm ¢ 1.15 0.90 76 0.925 57 52.7
12cm ¢ 1.25 0.97 | 79 . 0.927 68 63.1
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Fig. 27 X.ray film of fluorod fixed in inneraspect
of rubber ballon in the urinary bladder.

w5 T YT 28 HADERE OB

EHO LS AR RS L T4 LRI Fig. 28 X-ray film of single plane mter‘:tﬂ:lal ra-
L, 9U% 23toMRNRE RS 2T 52 L dium needle implantation in the tongue tu-

mor. Fluorods A and B was covered by pl-

Bk habhtws, ZoGoERRZ L atinum sheathes.

Bk, BREOHERLTH UL, BB ALK

FGWHE B Z Lz b, e T EvasE R T EEIBN D). Bx7V v aetHE
kB, FD &S ML D R AR T LD 5mlIPRCRIA S W72 0T, iR TM
AR AT 2 RIASEIFAL, 1~ 2 Rl LTI Eh3 GEERLEIC X BEH BT 27-0).

Y LS A A Hsle, EER T B 3T T B FOMWHFOFERIC =~ « Fa—-TIZHATH

DA TH 5. TR TR & H > TR L 2 WE L 7.

T A OFAERPN IR O EIFTANIE 6 B T e Co ¥ a—7 o> ZeffAs DMl
b5, W E 6 RDERS T, FtIvva 5

S RUR TR 2 AR EIS S 72 VS HILA T TR RS0 A 2 B oK o _Eizar
ENXHERTHB. A Single plane 12 T, %Co 16mc F 3 — 7 DS A BRI

Eh7Iv T 28t Eo5mE DA LixZh 2 mil HOFEM*FFior. T 27 L 1002F32% v #5 L
SMZHIAE R, (2o T 4000 DL RN 7EA R TH B, BN CDS. Hr~w—

Table 6. Radiation dosage in case of radium needle implantation of cancer of the tangue.
» Fluorods was punctured in about 3 mm distance from single plane,
>< was in abont 6 mm distance.

Case Methd Surfgee | Interstitial
Caliburation Measurement | Measurement Dose
Dose | Dose B
S A Single plane 37 (r/h) | 34 (rfh) .
Y. A Two plane 48 | 55
. M Single plane 36 34
Y. 8 o 45 51 % Maximum Portion 78 (r/h)
p % Maximum Portion 106 (r/h)
I ' o 38 | i Minimum Portion 24 (r/h)
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Fig. 29 Iso-dose curves of cobalt-60 tube in air.
Solid line: fluorod measurements.
Point line: C.D.S. gamma meter measure-
ments by Y. Onai (1956)
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