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SUMMARY

One hundred and sixty Hiroshima and 65 Nagasaki
dental units were surveyed for radiation output,
quality, beam size and focal-spot-cone tip distance.
The data obtained will be used in phantom dosimetry
to estimate X-ray exposure of ABCC subjects. This
equipment evaluation can also be applied to improving
X-ray examination techniques, equipment design, and
to minimize exposure of patients and dental person-
nel. This study showed that pgovernmental
regulations were generally fulfilled with respect to
beam size, but not with respect to radiation quality.
Wide wvariations in radiation output were observed
among the surveyed units. These variations will be
taken into account in subsequent phantom dosimetry,
making corrections for differences in radiation
output and quality between the units in use in dental
practice and the experimental unit at ABCC.

INTRODUCTION

Reported and confirmed exposures of ABCC-JNIH
Adult Health Study (AHS)! subjects to dental
roentgenography were studied by surveying subjects?.3
and responsible dental facilities. In applying
experimental dose data from phantom studies to the
actual examinations of patients, errors can arise
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from discrepancies between the clinical and experi-
mental units as to radiation output and quality. To
minimize such discrepancies, all dental roentgeno-
graphic apparatus involved were monitored.? The
results obtained can also be applied to the improve-
ment of radiographic rechniques and reduction of
patient exposure.

MATERIAL AND METHOD

Dosimeter. An Electronic Instruments [imited (EIL)
electrometerd and a 35 cc ionization chamber? were
used to measure radiation output and quality.

X-ray Unit. The experimental unit in this study was
a Max II model dental radiographic apparatus made
by the J. Morita Dental Manufacturing Company,
Limited, Kyoto, Japan.

Two hundred and twenty-five Hiroshima and Nagasaki
dental X-ray apparatus were assessed for radiarion
output and quality, beam size, focal-spot-skin
distances and other characteristics. The X-ray
apparatus surveyed are shown in Table 1. L.

R s m%E s ERCH S R A%EE OO st s
BhesEUBEEOHEIZEYREMNEIN IS, 20 L
97 G A R 9_' H DB, s n ek
HM&- IoLWTHEELE.Y A f NIRRT, X

e 5 3k &m&EaB#@ﬁ%$¢@%MrL%MW”

e
o

MHRELUHE

mEE. BEHEHELUSTEOMEEIZE, Electronic
Instruments Limited (EIL } @& {r it & L UF35ce Bl
SERERL -

XBEB., AHECHAVZEGRH%EE L, Max 15
BEX MR EE T, fio T ) yEERAMEL AL
Thd.

IR« BT 225 5OMEH X S8 E IZowvT, Hsm
WA, RRE, MEIE, A —rE NS L2 0o
RHFofMasiTa-77. BELAXHRETEELIIRT.

TABLE 1 INSTITUTIONS AND APPARATUS BY CITY
# 1 [REREM B & U BT

Hiroshima Nagasaki
/=] e
Hospitals and clinics surveyed
WL R 140 &
X-ray Units for survey
MEOHR L & - XBRER 163 67
Surveyed WMELALD 160 65
Not surveyed MWIEL k7240 3 2

Measurement of Radiation Qutput and Quality.¢ The
cabinet shown in Figure 1 accommodated aluminum
absorbers and an ionization chamber. The tube side
of the cabinet was covered with 2mm lead, except
for an aperture 9 cm in diameter for entry of the X-ray
beam. The aluminum absorbers were inserted
immediately behind this aperture. The ionization
chamber was placed in the X-ray beam at the far end
of the cabinet. The field thus described measured
approximately 15cm in diameter at the chamber's
location. The cabinet’s tube side was placed at the
X-ray cone tip. X-ray output and half-value layer
(HVL) were calculated from attenuation curves based
on ionization chamber readings with and without
absorbers.

Measurement of Beam Sizes and Focal-Spot Cone Tip
Distances. Beam sizes were measured using medical
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FIGURE 1 APPARATUS FOR RADIATION OUTPUT AND QUALITY ASSESSMENTS
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X-ray film in light-tight envelopes perpendicular to
the cone tips. To estimate focal-spot-cone tip
distances in Hiroshima, it was initially assumed
that focus locations were lcm inside the tube
windows, but this method was unsatisfactory
because these locations varied. All focal-spot-cone
tip distances were therefore calculated according to
the magnification of lead cross marks on two films
exposed at the cone tip and 10 cm distal to the cone
tip, respectively.

RESULTS

Of the toral 230 existing X-ray units responsible for
the exposure reported by AHS subjects in Hiroshima
and Nagasaki, only 5 could not be surveyed, either
because they were defective or because permission
was unobtainable.  All units were self-rectified.
A tube voltage of 60 kVp was used by the majority.
The maximum used by any practitioner was 70 kVp.

Examples of attenuation curves for the aluminum
absorbers are shown in Figure 2. No appreciable
differences in attenuation curves were observed,
compared to those of full-wave rectified and con-
denser units.® Radiation outputs in mR were obtained
from dosimeter readings from zero absorber thickness.
HVLs were calculated from these attenuation curves.
Histograms illustrating X-ray outputs are shown in
Figure 3.

The mean radiation outputs 15ecm from the focal spot
were 95.3 mR and 102 mR per mAs in Hiroshima and
Nagasaki respectively. In Hiroshima, 70mR/mAs
at 15cm was most frequent. The majority of units
had outputs ranging from 50 to 100mR/mAs. In
Nagasaki, a rather broad distribution in outputs was
observed.
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FIGURE 2 X-RAY ATTENUATION CURVES BY ADDED FILTRATION
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TABLE 2 RADIATION OUTPUT AND HALF-VALUE LAYER BY MANUFACTURER AND CITY

2 HesEB e UM S XU
City Manufacturer Tube Voltage(kVp) X-ray Units OQutput (Mean, o) * HVL (Mean, ¢ )
it H5E 4 it %10 IE X R Hih (EiiE, *’F'-.‘.Err;ezﬁ M R (L, PR EEfR )
{mR/mAs at 15 em)** {mmAl)
Hiroshima a 60 50 77, 30 1.61, 0.22
I kb b 60 30 99, 36 1.26, 0.18
¢ 60 35 93, 44 1.69, 0.29
d 70 10 130, 57 1.39, 0.19
e* 60 [ 109, 48 1.26, 0.22
f 70 11 97, 53 1.38, 0.23
g 60 4 129, 42 1.31, 0.16
h 65 3 80, 11 1.29, 0.28
i 60 2 273, 108 1.09, 0.23
k 60 2 117, 37 1.44, 0.18
1 1 61, 1.50,
m 70 1 98, 1.10,
n 1 32,1 1.32,
0 60 1 84, 1.17,
p 1 168, 1.27,
q 70 1 72, 2.10,
Nagasaki a 60 21 82, 35 1.70, 0.21
Fle gy b 60 12 114, 46 1.18, 0.10
d T0 11 116, 38 1.45, 0.16
e 60 <10 105, 68 1.41, 0.24
f 70 h 137, 35 1.41, 0.08
1 60 3 89, 33 1.47, 0.06
r 60 1 57, 1.36,
5 60 1 101, 1.42,
t 60 1 113, 1.15,
224 97 1.48

* (One of 7 units from this manufacturer with broken timer was not assessed.

IOoEHMOBEETEOD I L1 HIL,

FAv—WEO O FENETE b ot

Values at a point 15 em from focal spot.

Bk 0 15em @ BT &0 AL

Histograms illustrating HVLs are shown in Figure 4. EifikgG oy 5 713, B4 zmT. PR, BES
Ihe: mesp Hyiewece didfmmas ats Jitc g i) TIE1.49 mm Al, B T31.46mm Al TH -7, —
1.46mmAl in Nagasaki. For a given unit with the P = A WS e
same tube voltage and mAs, the output was nearly DB TEAE L mAs EF LIZL LG, M5 IZmT &
inversely proportional to the half-value layer on a Siciidi sy 7 BT, AR EmRIZHLIEEAEK
logarithmic scale, as shown in Figure 5. However, HEILE. LaLads, wFhofiicsut s EE
i1_1 both cities, no definite correlaticm. was estab- 60 kVp B8 (25 T i) & ok flii’f.‘?i AL AL
lished between output and HVL for units with tube ] )
voltages of 60 kVp. The output and HVL according BG4 AR k3 s e - Bk aslomh
to manufacturer are shown in Table 2. Due to rather BLURHmBILE2 2R, 1'.l.'| 1 & el kg 1z P EIL
wide variations in output and HVL, no statistically Tl Ak o7, T0kVp OBEETHE A IZEui ).] #
significant differences were observe.cl by HAnG- Ao anzig, BEoMEENE 2 EEEEN IR
facturer or tube voltage, except for slightly higher
outputs for units operating at 70 kVp. The X-ray I HEAEEA SN E o, WHELAZEEEO X M
tubes in all the units studied were made exclusively HuTht —o ool tha. % 20k
by one company.* Di.fferences in nominal tube EEEOERE L TEROAREIEL 7 4 < — OIEH
voltages and degrees of timer accuracy are reportedly T O ; S N
responsible for such variations, but this was not HEeshTwa s, ARETRINEDVTHHNE
verified in the present study. )

* Toshiba Electric Company, Led., 328 sk &1k
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FIGURE 6 X-RAY BEAM SIZE AT CONE TIP BY CITY
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Variatjons in beam size at cone tip are shown in
Figure 6. According to Japanese regulations,’ beam
at skin
This requirement was met in the case of

sizes should not exceed 8cm diameter
surface.
most units. Beam size by manufacturer is shown
in Table 3.

In Nagasaki, there were only small variations in
focal-spot-cone tip distances by unit type, as shown
in Table 4. Within 4%, the measured values agreed
with For

model and manufacturer in

those specified by the manufacturers.
units of the same type,
Hiroshima, distances were calculated using Nagasaki
data. For 11, there was no corresponding Nagasaki
unit, and values indicated by the manufacturers or
the average value for the Nagasaki units were used.

Dental X-ray films used by the practitioners have
been reported previously.3 They are presented again
in Table 5 in slightly different form because of their
This table
shows that one company supplies the majority of the

importance in reducing patient exposure.

intermediate speed film used.

DISCUSSION

Winkler and Levin® reported errors in output and
quality estimates with film techniques to be about
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TABLE 3 BEAM SIZE AT CONE TIP BY MANUFACTURER AND CITY
3 TR EDT ST M Sk s U R

City Manufacturer Units Beam Size (Mean, ¢ } cm
A ili B35S il BRATRF (P, iHHafE )
Hiroshima a 50 6.2, 1.1
15 5 b 30 5.8, 0.6
c 35 6.8, 0.2
d 10 6.6, 0.2
e T 7.0, 0.7
f 11 6.7, 0.6
g 4 6.9, 0.9
h 3 6.8, 0.2
i 2 6.7, 0.07
k 2 8.0, 1.5
| 1 6.6,
m 1 7.2,
n 1 a8l
[ 1 5.8,
P 1 5.3,
q 1 7.0,
Nagasaki a 21 6.6, 0.8
Feoey b 12 5.9, 0.4
d - 11 6.4, 0.1
e 10 7.2, 0.01
f 5 6.5, 0.2
i 3 6.7, 0.2
r 1 8.1,
s 1 7.3,
t 1 11.8,
225 6.4

TABLE 4 FOCAL-SPOT CONE TIP DISTANCE (FCD) ESTIMATED BY FILM
MAGNIFICATION, NAGASAKI

#4 TFANLOERBII L THELABS—o— ML, Eig

Manufacturer No. of Unit FCD (Mean, o)
Bk aH WA AT - R (P, )
a 19 15.5, 0.3
a* 2 10,9 0.0
b 12 14.7, 0.3
d 11 15.4, 0.3
e 10 15.2, 0.2
f 5 15.5; 0.2
i 3 15,7, 0.3
T 1 14.1,
s 1 13.4
t 1 14.1,
65 15.1

* Different from other 19 units. @195 0% & 84 5 50



TABLE 5 FILM TYPE, SPEED AND MANUFACTURER BY CIT
#5 74 NLAOFEE, BELLTREESE: il

Institution F& &%

Film Type Manufacturer Film Speed e

Hiroshi aki

J vAOME  MEAH 7 4 WLRIE TEeW e
Packet developed 1 Intermediate % 102 51
sl b B 2 Intermediate i FE 2 3
Tank developed 3 Intermediate  tjanl 30 5
5 v BE 4 Fast & 11 3
5 Intermediate 4 0
] Unknown 1 0

10%. In the present study the errors were about 5%
and were caused mainly by instability of X-ray
output by time. Film methods for measuring radiation
outpur and quality are practical and convenient,
especially in nationwide surveys, due to their
relatively small size and their mailability. In our
Hiroshima and Nagasaki studies, measurements were
confirmed by recorded exposure parameters.

The data obtained in this study will be used to
estimate doses to ABCC subjects from dental X-ray
examinations. Doses to critical organs will be
described in a subsequent publication. These data
can also be useful when applied to the improvement
of techniques and the reduction of patient exposure.
Recommendations by the National Committee on
Radiation Protection (NCRP)? in the United States
provide for inspection of denrtal radiographic units.
Many studies have been performed to reduce patient
and personnel exposure in dental offices. Brodeur
and Seaglel® established the following relative
contributions to medical X-ray exposure: Beam
size, G0%, filtration, 10%, and beam alignment, 10%.
The remaining 20% was accounted for by factors
such as film sensitivity. These proportions are not
directly applicable to dental radiography, but beam
size, radiation quality and film speed are most
important in effecting excess patient exposure. The
]:;1,[)2111!:54:_-r and NCRP? recommendations are sum-
marized in Table 6.

Most of the Hiroshima and Nagasaki units fulfilled
beam size requirements. The average beam size for
225 units in this study was 6.4 cm which is smaller
than those reported by Bjamgard and Hollenderll in
Sweden and Gorson et all2? in the United States.
Though, a field size less than Scm in diameter is
desirable, so that the eyes and the thyroid gland are
not within the direct beam. At least 5cm diameter
was required to avoid cone cutting. This beam size
includes in its field intraoral 3x 4 cm dental films.

For radiation gquality, the NCRP recommendations
may be assumed to have been met if the HVL was
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TABLE 6 COMPARISON OF JAPANESE REGULATIONS AND
NCRP RECOMMENDATIONS FOR DENTAL RADIOGRAPHY

#6 WP X BRI 5 DA QLB & RE MBS ZEES (NCRP) 05 & o i

Item Japanese Regulation? NCRP Recommendation®
i H A Aokl NCRP o &
Beam size Less than 8cm in diameter at Less than 7.6cm at cone tip
Hi 1 57 S ifes T = RHHT 7.6 bl F
PEW F0H THE Ben Ll F
Filtration 2mmAl equivalent above 60kVp L5 mmAl up to 70 kVp
i 60 kVp LLET 2 om AL % 8500 T0kVp & Ti3 1.5 mm Al
Focus-skin-distance More than 15cm More than 17.8 em above 50 kVp
M i — o R T o B 15em ) E 50 kVp LI ETi317.8em k) 1
More than 10.2 cm up to 50 kVp
S0 kVp F T2 10.2em ) k-
not less than 1.5mmAl. About half of the units did Eioha, Lal, X“ﬁéﬁﬁ:ﬁi@)%yli % W%T'['i‘ﬁ‘f’
not meer this requirement, causing unnecessary A, RO HEE < OB~ OB E B o5 &
exposure of superficial structures. This was also oTWa, Thiz, LEBLET &Ih?ﬁ@[%fﬁf HE X Bt
the case for medical X-ray apparatus in Hiroshima A ""'(Dim BlobiEH s 19594512 Gorson & 1
and Nagasaki.13 In 1959, Gorson et all2 reported a 13, A[E Pennsylvania 124513 3 5615 0 M X &dkid o
mean HVL of about 1.0mmAl for 56 dental X-ray EEEME (HVL ) 123 1.0 mm Al ©d - 7 s s L7

units in Pennsylvania. In a more recent survey in
Nassau County, New York, Pentel et alli- en-
countered a HVL varying from 1.75 to 3.65mmAl,
with an average of about 2.5mmAl for X-rays in the
60 to 70 kVp range. These studies reflected

V15, New York M| Nassau B2t At D E I &
W, Pentel 5 M (X EE60—70 kVp O @ [H ¢ X ¢ 1L
i b #7175 5 3.65 mm AlmFUMﬁW‘ﬁU A
F2.5mm Al TH-LEwd, THaO#EE» S, K[EH

considerable improvement in radiation quality in (2 &0 T104F [ o> ol ﬂ!'_'iﬁf X kA /MY
dental radiography over a span of 10 years in the BBRAME SN b, {ﬁ._ HETIE, 2hETH
United Srates. Similar comparisons could not be BXMBEEB IO TOREGMNZWEIFEHEEA T L
made in Japan because no comprehensive surveys DT, AILLI GRBEEBT AL TEL » k.

of dental X-ray units were made in the past.
FAEBT OB TIZ6E0 kVp AT s T v, kVp o Bl

Sixty kVp was used in the majority of units. The kY, EHOBE AT a2 s AT H
reduction in skin doses by increasing kVp is AA, EESEOM L, v LihoBErsLto
obvious, but such dose reduction does not neces- WA EIER S 40,100 5 KV OB 25 WL

N - 15,16 ini - : o = :
sarily hold true for other organs.l3 Opinions AVBEOERABNSATVA, Ardran & U Crooks 7

have been given concerning the use of high kVp i, BREROBD L VI ZEEGTHAE, 60kVp L L

technique. According to Ar(%ran and Crooks, 17 it is DKV T EBER L 0 EZoT0E, LbL,
unnecessary to use a kVp higher than 60, as far as e et o M TP
reduction in dose is concemed. However, Sinclair,18 b_m‘:la”_: 2 Paul ® :t v _!30' o }’" »[‘if L ]"7 p =
Paul,1? and Boren et al20 have recommended the use AT 2L OEHTRS. Roa—v &My 28ikT
‘of higher kVp. For long-cone techniques, higher IFHCE ARG D A BN E A0 E kVp U TH S,
kVp is necessary to increase radiation outpurt.

MFHH X SEE VWY 2= BT TH D &)
Inaccuracies of timers in dental units are well Pule o 5 1 | [ sl e 0 B T Lpdegx.ne B

known.14,21,22 According to Updegrave et 31,22 DMHETHT 4 v —OBRUHFPIEFET & - 7 FrlEEL T
80% of units have inaccurate timers. In this study 3. AEETIE, ¥4 —OFBELSWT A 1T
h&ﬁntﬁ,&%ﬁ&hm%mu&ﬁqr,m%%w

HLEZLE, s4A7—0OF545 65D TVaT L2

we did not investigate timer accuracy; however, our
use of mAs in the assessment of radiation output
itself incorporates the contribution of timers.

Z5.
F oca]-?po.t-cone tl:p dwtanc?s. were abciut 15cm in KEBS DB 1= 3500 T, f A S g i, i
the majority of units —the minimum required by law. ; o 2
For units with distances less than 15cm, require- ﬁ.é“[" MEEERNTWAHEDREOHIEmTH - 2. ¥
ments can be met by providing a space between HEA 15em L FOREIZE W TIE, I— v EMEEKE %
cone-tip and skin. However, distances less than BT otk T D&Ml TES, LA

10



15 em make it difficult to collimate the beam. They
result in more off-focus radiation, as described by
Ardran and Crooks,!7 and the additional
between cone-tip and
beam size.

space

skin results in a larger

In the United States, slow (B), intermediate (C), and
fast (D) types of dental film are available. At the
time of this study, in Japan; only C type Japanese
film was used in the two cities. The D type was
imported. Nearly all investigators!7-21,23 have
recommended the use of the high speed (D) rtype,
with which dose to the patient can be reduced by
50%. In a survey of dental offices and clinics in
Alameda County, California, Rosenthal and Malcolm
reported in 1970 that about 70% of the films used
were of the fast speed (D) type.2l As shown in
Table 5, films of intermediate speed (C) were used
almost exclusively (93%) in Hiroshima and Nagasaki
according to the present study, and 72% of all film
used was of one manufacturer (Hanshin).
that

It would
dental practitioners in both of
cities would want to adopt the use of the high speed
film without delay.

seem these
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HEET L, MaEkHAZ L AHETHS.
15emb) F oo 14, Ardran #5 5 UF Crooks A% ~<7 1
B2, EEAXBEOMMERE, Fha— v kM
EIERE OMO BB AR LA RE RS,

L, 15emb)F @i

KIEI &, IERE (B), B (C) b & UTHBEIE (D)
SHOWBHXE 7 « VAA S S, APEEEIFIZ LV
TIRE « B Cla, HARCS A 707 4 L LDH
FHEshi, Dy 4774 L GEAGTH. B
ENOHEFO%LBERTELZZ NS, BEAETN
TOMEEL, T8 SREOD Y4 77 1L AOFH
HENH T AL 19709, Rosenthal 35 XU Maleolm 125 -
T HENE & /s California #) Alameda fiio0 ok BHERE £ L OF
BT OB T, HHET 4 LLORTO% A EREDD
FATOEOTH-LERELTWVA.Y RBLEILET X
iz, FEETIE, BE- BEIbuTEREhZ7 40
LADEFEAE(B%)FPBREOCIA TT 4 NMNATH-S
T, MHE7 4V ABOTR%IE—2 08 &4 (B &4
WL 4 4 TR ZEFT ) OB 5 T h - 7. W25 T 5 EE
3, SEE7 VLAOFERERICERT N TR
hEERS.
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