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QUANTITATIVE ESTIMATE OF ANODE EFFECT IN DIAGNOSTIC X-RAYS
PHAXBEOBREYIRLCOVT

INTRODUCTION

It is well known that dose distribution of diagnostic X-rays
within exposure fields is not uniform. In general, dose on
the cathode side of the X-ray tube is higher than on the
anode side, and this is known as the “anode effect” or
“heel effect.”*

effect have heen found in the literature.

No detailed comparative studies of the

We encountered lower gonadal doses from posteroanterior
(PA) chest examinations at ABCC, than in other insti-
tutions.”* One suggestion was that differences in anode
position with respect to the gonads might be responsible.
A survey showed anode position was not constant among
community institutions (Table 1).5 When gonadal doses
are measured without regard to tube position, some errors
can oecur.

To evaluate the importance of this effect, dose distribution
within exposure fields was assessed, using several radio-
graphic units of different types and manufacture and with
different aged tubes.
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TABLE 1 ANODE POSITION IN ROUTINE CHEST EXAMINATIONS
#1 BHXHEREICHTIBERANE

H =
Anode position Hospitals #Fz

Clinics EFz Other £ &t

BRI E Apparatus  Exposures

Apparatus  Exposures

Apparatus  Exposures

FRH BR &8 EEH - ¥4 “EN - 583
Hiroshima 58
Head 4 15 53 23 40 1 2
Foot 2 12 57 24 44 2 31
Horizontal 7k 4 14 16 36 0 0
Unknown BB ] 0 6 12 0 ]
Nagasaki F#f
Head :1 4 18 3 4 0 0
Foot B 6 16 2 3 2 3
Horizontal & ¥F 3 27 9 12 ] 0
Unlmown A~H 0 1] 2 2 1] 0

Sawada el 0[5



MATERIAL

Thirteen diagnostic radiographic units were monitored in
this study; 11 transformer type units with full-wave
rectification and rotating anodes, one condenser unit with
stationary anode, and one transformer type unit with self
rectification and a stationary anode.

Anode effect was evaluated according to varying tube
voltage and focal spot size. The two General Electric
(GE) units were assessed at 50, 90, and 130 kvp and with
their 2 X2mm and 1 X1 mm focal spots. All other units
were operated at 70 kvp, using relatively large focal spots.

Two 14 %17 inch sheets of medical X-ray film (I£/K Blue
Brand) in light-tight envelopes without intensifying sereens,
fixed edge-to-edge on their long axes and centered to the
X-ray beam, were exposed at parameters known to result
in an optical density of approximately 2.0 at the center of
the X-ray field. Standard films for conversion of optical
density to mR were made for each X-ray unit, using the
same exposure parameters, but with varying mas. Dose to
the standard films was measured with an Electronic
Instruments Limited dosemeter (Model 37A) with a 35 ce
polystyrene chamber.

All of the films were hand-processed under controlled
conditions. Optical densities were measured at Hcm
intervals along the vertical and horizontal axes of the
joined films, aligned to the X.ray tube, then converted to
milliroentgen values using the dose-optical density curves.

RESULTS AND DISCUSSION

Figure I shows a representative curve for the dose-optical
density relationship obtained by standard films. Optical
densities increased linearly with a logarithmic increase in
exposure from 50 to 1000 mR, and probably beyond 1000 mR.

The relationship between exposure and optical density
was expressed by the following formula:

Y=ALogX +B
where Y is optical density and X is the exposure in mR.

For 13 apparatus, the value of A ranged from 2.02 to 2.29,
and the value of B from —2.84 to —3.60. No definite
change in this relationship was observed by X.ray tube,
tube voltage or focal spot.

Figures 2 to 14 show dose distribution along the edges of
the joined films in percent of the dose at the center of

# #
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the X-ray field. Dose distributions along the axis parallel
to the X-ray tube varied widely by X-ray machine, but
such changes were not chserved perpendicularly régardless
of the machine, tube voltage or focal spot size. As shown
in these figures, definite variation in degree of ancde
effect was demonstrated according to the X-ray tubes,
and therefore according to X-ray machine, no correlation
was observed by manufacturer or by age or use of tube.
Anode effect is probably influenced by the angle of the
anc’de,G off-focus radiation, and shape of the tube window
and collimator. These factors varied widely by manufacturer
and tube or machine.

Stationary anodes were demonstrated to have less * heel
effect” than rotating ones, presumably because of the large
sizes of their focal spots. Rotating anodes with relatively
large focal spots had less “ heel effect” (Table 2).

X iIck o, CAS (EHT A, EFEAmE, %4,
EEE, HEokESICHFELL, KEEBEVREELN
Zhot ZHEOEShAEEEY, BEHROR
i, XSS, LEASTXBBELE-T, 380
LizAan, HEE, HEFEAEREK S OHEME
Bhok BESREEES(IBROBE, BOANXE,
BEHREZSTIRIL L, THBEIEGY,* ChEDRE
FABEE, FRELGBRBECESTHEL TV A,

Bl EE S EERE TN THAR: BhEwEniE
ERaEon, ZhidbZo{ERIFREVLDLED
na, HERETLREVTORATREEDRIDE
Aok (HF2).

TABLE 2 PERCENT DOSE BY MACHINE, TUBE VOLTAGE, AND FOCAL SPOT SIZE
#2 B FTEERZSUCHAAoRIILLIRRESR

Manufacturer Focus Tube Voltage

M H s (kvp)

side from center

=
dle i 5 B ERE A 200 L 2SR A~20m BEORRE

Dose 872 % Dose ratic of
thode t
Maximum 20 cm cathede 20cm anode caanzd: g

side from center BBAE 4 T 5

ERE &

GE-1 Small /b 50 116
90 111

130 112

Large X 50 113

90 117

130 115

GE-2 Small 50 104
90 115

130 103

Large X 50 103

90 106

130 1905

90 34 .7
90 37 2.4
o7 36 2.7
77 38 2.0
105 42 2.5
20 35 2.3
96 52 1.9
105 59 1.8
99 50 2.0
95 63 1.5
100 60 1.7
99 58 1.7

Tables 2 and 3 show the maximum percent dose, and
percent dose at 20 cm towards the anode and cathode side.
This location corresponds to a point midway between ovary
and testis positions in the phantom used for dosimetry
(routine chest examination). The ratios of percent doses
at 20 cm from field center to the cathode side to those at
20 cm from the center to the anode side are also shown in
the tables, These are the ratios of differences in exposure
in air to the midpoint of male and female gonads by the
anode position.

#2, 312, RREROSEE, BEFLIVEE?L 2
NFNWemDE I B IBRBREFREITTCHE, 2O
FEGEEFnESXEREOREIECBwATr >
P—sllBWTINEEBAOCHFHIZHY T 3HMTHS.
B #FEicig, HEhO»r 5BEAA20mo Rl s 28R
BHRIIGT IBRH~WmOEDL RSN TV,
ThEDERBHEONBCL > TER RO EMBRD
hLlcET 2 ERHEENEVOLEERLTL 3.



TABLE 3 PERCENT DOSE BY MANUFACTURE, UNIT TYPES, AND TUBE USE; 70 kvp, FFD 100 cm

#3 WEE WXL CHEREOMICLZHEREAE; Wkvp, FFD 100cem
Mo £ T 4 Anod Dose #2ft % Dose rﬁtio of
anufacture Xposures Ype an node catho e to
. N . : 20 cm® cathode 20 em* anode
BEH el AL LR Maximum side from center  side from center pg;.j, ;j--;- F3
Bty 6 B 45 ) 200 oh 05 B 4B A 0en™® 355 00 69 R 1
Fulb-wave rectification
. " retating anode
t N .
;'é)%sblba About #7100 & A LD 5 1R 102 104 59 1.8
4944 = 100 86 70 1.2
23570 - 156 63 146 0.43
Sh_imadzu 2562 - 101 89 63 1.4
i >10000%* ’ 107 98 a2 2.3
Hitachi 4347 » 105 85 64 1.5
B > 10000+ . 105 83 73 1.1
Siemens  About £ 3000 # 102 93 61 1.5
About 7 30000 ks 111 111 52 21
Toshiba Unknown Condenser, stationary
WE TR anode 101 99 77 1.3
WA A
Unknown Self-rectification, station-
L ary anode 102 92 79 1.2
goEHEEES

* Corresponds to point midway between ovaries and testis positions (routine chest examination).

COBRRANONNAHAEXEAR IO THERALRAOSE P CHEYT 5.

**Number not recorded.

e RRBEL TR Pk

TABLE 4 DOSE FROM PA CHEST EXAMINATIONS MEASURED WITH A HUMAN PHANTOM
AND MEMORIAL CHAMBERS, ACCORDING TO ANODE POSITION
mR/mas, FFD 183 ¢m, No cone, 1.0 mmAl

#4 AE7-

Y h—AlAEY)TALF L v A—FHVBT HEZAZBEOMEBICLS

WEEBFEXEREOERMIEEE
mR/mas, FFD183cm, HE4YH % L, #EMHF1.0meAL
Gonad kvp c .:nlo:iie i Condnd Ratio

# 3 ﬁﬁ ephala -auda
e if 24 k
Ov:fu'ies 50 0.08 0.06 1.3
o 70 0.35 0.28 1.3
90 0.79 0.57 1.4
Testis 50 0.08 0.02 3.0
A 70 0.21 0.09 2.3
90 0.42 0.26 1.6
The measured differences in gonadal doses by the anode EEEIT T o, v b — b b B A R THIE L R

position using the phantom and ionization chambers are
shown in Table 4 by the function of be voltage. The
large focus of unit GE-2 was used in this part of the study.
Ovarian doses with the anode cephalad were 1.3 to 1.4
times greater than those with anode caudad. For testes
located relatively far from field center, dose ratios ranged
from 1.6 to 3.0. The high dose ratio at relatively high
kvp was most likely due to a large contribution by scattered
radiation in the phantom at higher kvp. These values

Bl 4R EROEHEEHEOMEE LTH4
LET. COEBRCUEEELLIGE—2, BEalR
uHrHAVA, BEIEMICSZIEAE, EMIIzES
1.3 ~14ftkz20RERRAFEsnA HegfhLhrs
IR ER 2R TIE, L6~3.00MEAORRELT
Hok., kvpFEVERIIHVEIFShinlrdE v kv
iLEWT, 77 vy b-LAOHIBIEIESEFAKEL



were comparable to dose distributions in air in which dose
ratios ranged from 1.5 to 1.7 at the midpoint of ovary and
testis position for the above machine.

Although for practical reasons the contribution of this
effect to the resulting gonadal doses cannot be taken into
consideration in large numbers of examinations, it could
have been partially responsible for variations in gonadal
dose in earlier studies,s’4 and an evaluation of variation
in gonadal doses by anode position can be made by these

results.

SUMMARY

To determine differences in gornadal dose by anode posi-
tion, dose distribution was ascertained using 13 X-ray
units of different manufacture, tube type and age.
Assessments were made using radiographic film, a
densitometer, and dosimeters. The anode effect was found
to vary more widely by X-ray tube than by tube voltage
or focal spot. No variation was demonstrated by tube age
or use. Dose distributions in air were comparable to those
in a human phantom, The importance of maintaining a
proper anode or tube position was demenstrated. Though
this effect could have been partially responsible for
variations in gonadal dose in earlier studies, its contri-
bution to the resulting gonadal doses cannot be taken into
consideration in large numbers of examinations for
practical reasons.
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FIGURE 2 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
90 kvp, 100 ma, 1.0Al, FFD 100 cm, GE-1, LARGE FOCAL SPOT
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FIGURE 3 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
90 kvp, 100ma, 1.0 Al, FFD 100 cm, GE-2, LARGE FOCAL SPOT
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FIGURE 4 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
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FIGURE 5 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
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FIGURE 6 DOSE DISTRIBUTION.IN EXPOSURE FIELD ACCORDING TO FILM
70kvp, 100 ma, 0.5 Al, FFD 100 em, TOSHIBA -3, 23,570 EXPOSURES
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FIGURE § DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
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- .
Anode [HE Cathode K&
a——s Longitudinal Axis &
o—=———0 Transverse Axis #dl
] L 1 L 1 1 [] 1 1 1 ‘ J 1 — L L
325 275 225 175 125 75 25 0 25 75 125 175 225 275 325

Distance from Field Center (cm)
B FhLronEg

FIGURE 9 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
70 kvp, 100 ma, 0.5 AL, FFD 100 em, HITACHI-1, 4347 EXPOSURES

B9 74MALCLREFRAOHREREST
70kvp, 100ma, 0.5A1, FFD100em, H3r-1, HBE4F[0E%4347
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FICURE 10 DOSE DISTRIBUTION'IN EXPOSURE FIELD ACCORDING TO FILM
70 kvp, 100 ma, 1.0 Al, FFD 100 ¢m, HITACHI-2, >10,000 EXPOSURES
FE0 74 valllaREFAOHRESR
70kvp, 100ma, 1.0A1, FFD100em, H -2, BEatE % > 10,000
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FIGURE 11 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
70kvp, 80 ma, 1.0Al, FFD 100em, SIEMENS-1, ABOUT 3000 EXPOSURES
M1l 74 Mhitk3BEBAOCERSS
70kvp, 80ma, 1.0A1, FFD100cm, Siemens-1, H4 4 o] #4 93000
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FIGURE 12 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
70kvp, 150 ma, 1.0 Al, FFD 100 em, SIEMENS-2, ABOUT 30,000 EXPOSURES

12 74 VA& 3REFAORRIG
70kvp, 150ma, 1.0Al, FFD100wm, Siemens-2, BE & [ 3 #4930, 000
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FIGURE 13 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
70kvy, CONDENSER TYPE, 0,5Al1, FFD 100 cm, TOSHIBA -4, EXPOSURES: UNKNOWN
H13 74 AMAIZk3BEFROBESR
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FIGURE 14 DOSE DISTRIBUTION IN EXPOSURE FIELD ACCORDING TO FILM
70 kvp, 30ma, 0.5 Al FFD 100em TOSHIBA-5 (Self- rectification), EXPOSURES UNKNOWN
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