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SUMMARY

Participants in the jointly sponsored ABCC-JNIH
Adult Health Study (AHS) under continual observation
for late effects of the atomic bombs are also being
evaluated for their exposure to contaminating sources
of exposure to ionizing radiation. In this study,
doses to AHS subjects from dental X-ray examinations
were estimated, and
hospital surveys, and by exposing phantom humans
containing LiF thermoluminescence dosimeters and
ionization

based on previous patient

chambers. Dose tables were compiled
according to representative exposure conditions and
average doses were estimated at various body sites
during dental roentgenography.
graphy
segment of the contaminating sources of ionizing
radiation exposure among this population. It is to be
noted, however, that the increasing use of full mouth

Dental roentgeno-
was found to comprise a relatively small

examinations bides caution in the future and warrants
efforts to improve conditions of exposure including
the use of high speed film to minimize dosesincurred.

INTRODUCTION

While single exposures to ionizing radiation may
themselves seem insignificant, they may result in a
significant exposure burden to the individual when
considered in total and in combination with other

sources of ionizing radiation exposure. We were
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thus prompted to explore the magnitude of the
contribution of medical and dental X-ray to the
overall exposure of Adult Health Study (AHS)
subjects to ionizing radiation. These investigations
of dental X-ray exposure in particular were prompted
by the earlier reports of high doses from dental
roentgenography in the United States! and more
recent reports of increased thyroid cancer among
survivors who received 50rad or more from
the A-bombs.2

The present study was based on three earlier ones
devoted to determining the frequency of dental X-ray
exposure reported by AHS Subjeccsaand subsequently
confirmed by dental practitioners,4 and the technical
exposure factors furnished by the responsible
examiners.’ Herein are reported the doses to various
body sites during dental roentgenography, as

determined by dosimetry using phantom human material.

MATERIALS AND METHODS

X-Ray Unit. The X-ray apparatus used to expose
the phantom humans was a conventional dental
roentgenographic unit (Type Max-II, ]J. Morita Dental
Manufacturing Co.), rated at 60 kVp, 10 mA, and
incorporating a self-rectified transformer. Radiation
output of this unit was 109mR/mas at a 15.5cm
focuscone-tip distance. Its half-value layer was
1.35 mmAl. Two orthopantomographs (a. Type QP-2,
Siemens; b. Panex, J. Morita Dental Manufacturing
Co.) and one cephalometric unit (Tokyo Engine
Kogyo) were used in the dosimetry of some of the
dental examinations.

Dosimeter. A thermoluminescent dosimeter (TLD)
system (Model 2000-TL Analyzer, Harshaw) and LiF
powder in 0,5cm diameterxlcm gelatine capsules
were used. To correlate the TLD readings with
exposure in mR, Memorial diagnostic X-ray ionization
chambers®:7 were used with a Baldwin-Farmer Type
RB electrometer (Baldwin Instrument Co. Ltd). The
latter were also used to measure gonad doses.

Phantom. The head and neck portions of a Rando
phantom (Alderson Research Laboratories) (Figure 1)
were altered, with holes accommodating LiF capsules
at 15 sites as follows: Right and left lens, right and
left lobes of the thyroid gland, pituitary fossa,
right and left maxillary sinuses, ethmoid sinus,
right and left mandibular notches, right and left
angles of mandible, mandible symphysis, cervical
spine and skin at centers of exposure fields.

For gonad doses, an additional complete Mix-D
phantom human accommodating Memorial ionization
chambers at the gonad positions was used. 8
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FIGURE 1
1

The maximum exposure was 400 mas (10 mA, 1 sec.,
40 exposures) for each projection. The projections
for exposing the phantom are shown in Figure 2t

RESULTS

TLD readings plotted against
the Memorial

Phantom Dosimetry.
mR
chambers by depth, X-ray unit, and tube voltage are
in Figure 3. There were no significant
variations in LiF response by depth and tube voltage.
Therefore, from TLD
reading to dose was used, regardless of the depths
for the 15 sites in the Rando phantom. The LiF was
exposed repeatedly utilizing an annealing process.
Throughout this study,
the LiF were determined by reference to a standard
of #9Co y-rays.

exposure in as measured with
shown
only one conversion factor

daily sensitivity changes of
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FIGURE 2 SITES AND PROJECTIONS IN DENTAL ROENTGENOGRAPHY®
H2z hFXSHRE® b0 2 BENMLS L URE @
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* Full mouth examination with 14 films.
** Full mouth examination with 10 films.
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FIGURE 3 CORRELATION OF DOSES IN ROENTGENS AND TLD READINGS IN n COULOMB
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Table 1 shows doses at various body sites according
to the tooth examined and beam size. Lens doses
by side for the incisor exposures differed more than
was anticipated, possibly because of some asymmertry
of the phantom and the criticality of positioning the
cone tip in relation to body midline, particularly with
increasing distances from the surface. Compared to
incisor and cuspid examinations, those of the molars
incurred greater doses to the thyroid gland, and
slightly lower doses to the lens.

Bone marrow doses were estimated, but found to be
less than two gram-rad during the exposure of 14
films for a full-mouth examination. By comparison,
these 14 exposures incurred a significantly lower
bone marrow dose than did one chest roentgeno-
graphic examination.1? The quantity of bone marrow
exposed during dental roentgenography is relacively
small, according to our estimates.ll For these
reasons, we made no further evaluations of bone
marrow dose here. However, for reference purposes,
doses to sites in or near bone are shown in Table 2.

Bite wing dose data are shown in Table 3 according
to teeth examined and field size. Dose to the
thyroid is markedly greater with molar than with
either incisor or cuspid projections, and approximates
the sum of the latter two.
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TABLE 1 DOSES(mR) TO BODY SITES ACCORDING TO TEETH EXAMINED
#1 BELZEMNORESHEE (mR )
60 kVp, 10 mAs, FSD 15.5em, 0.5 mmAl

Site [nclltf‘_r's Left Cuspid Left Bicuspids Left Bicuspid & Molars Molars
Upper Lower Upper Lower Upper Lower Upper Lower  Upper Lower

Beam Size: 6.5¢m ¢

Lens, right 29 9 4 5 2 1] 0 6 1] 1]
Lens, left 250 9 124 2 32 8 22 0
Pituitary fossa 0 9 4 9 0 0 5 1] 0 0
Thyroid, right lobe : - 16 22 10 40 18 42 17 " 126
Thyroid, left lobe 14 19 47 40 25 59 24 113
Skin 1480 1420 1470 1390 1490 1470 1490 1540 1470 1460
Beam Size: 8.0cm ¢

Lens, right i 3 17 0 3 1 2 1 0 0
Lens, left 1050 18 832 5 62 17 50 3
Pituitary fossa 1] 10 5 12 ] 2 ] i 5 1
Thyroid, right lobe 9 66 14 68 14 149 59 197 36 245
Thyroid, left lobe 23 49 73 A2 232 333 191 718
Skin 1520 1400 1600 1460 1480 1470 1380 1480 1500 1500
Beam Size: 10.0cm ¢

Lens, right 25 140 10 11 31 34 2 0
Lens, left = # -1350 136 991 19 51 65 103 14
Fituitary fossa ] 43 6 34 4 4 ] 69 7 3
Thyroid, right lobe 4 132 17 46 24 330 66 310 60 291
Thyroid, left lobe 98 36 58 126 313 368 588 342 875
Skin 1390 1610 1380 1360 1470 1450 1550 1540 1450 1470

Doses from occlusal examinations were based on
four projections and three field sizes, and the results
are shown in Table 4. Doses to the lens were
highest rrom upper cuspid examinations, due to
proximity of the cone to the lens.

Doses to various body sites using two orthopantomo-
graphic apparatus are shown in Table 5. Possible
explanations for the overall differences lie in the
focus-skin distances, field sizes, and milliamperages.
In general, the Siemens unit incurred larger doses to
all body sites than did the Morita apparatus.
Particularly, the Siemens unit resulted in doses to
the thyroid gland 7-8 times those with the Morita unit.
Dose to the left mandibular notch was approximately
1 rad; while that to its counter-part was approximately
one-fourth of this. A possible explanation is that the
dosimeter near the left mandibular notch was located
in or near an axis for rotation of the central
X-ray beam.

Doses to body sites during cephalometry are shown
in Table 6.
studied. The surface dose was approximartely
one-half that incurred during lateral skull roentgeno~
graphy using a medical X-ray unit. !0

Only one cephalometric unit was

6
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TABLE 2 BONE MARROW DOSE (mR) ACCORDING TO TEETH EXAMINED
#£2 BELLZENOEHHRE (mR )
60kVp, 10mAs, FSD 15.5¢cm, 0.5 mmAl

Incisors Left Cuspid Left Bicuspid & Molars
Sites —
Upper Lower Upper Lower Upper Lower

Beam Size: 6.5cmg

Maxillary sinus, right i 12 15 5 0 b
Mazxillary sinus, left T8 16 663 17
Ethmoid sinus 197 38 395 21 ] 3
Notch, right ; 10 4 0 9
Notch, left d el 9 9 29 37
Mandible, right angle - i 20 3 ] 24
Mandible, left angle 21 24 146 303
Mandible 201 335 149 225 46 92
Cervical spine 10 39 22 73 1 57
Beam Size: 8.0cm ¢

Maxillary sinus, right 97 41 11 22 9 4
Maxillary sinus, left 508 20 668 24
Ethmoid sinus 385 116 h7h 102 6 8
MNoteh, right i 30 26 19 40 T4
Notch, left 0 2 220 28
Mandible, right angle 93 54 .- 9 32 31 39
Mandible, left angle 42 113 185 315
Mandible 1496 363 143 253 (L] 113
Cervical spine 9 67 53 120 ha 79
Beam Size: 10.0cm ¢

Maxillary sinus, right . 186 17 33 6 29
Maxillary sinus, left 506 255 735 333
Ethmoid sinus 413 273 500 305 §1 117
Notch, right 11 33 0 10
Noteh, left - 28 24 34 243 393
Mandible, right angle 0 g 5 46

23 T3

Mandible, left angle 37 85 180 445
Mandible 191 398 169 275 120 130
Cervical spine 16 75 10 84 33 129

TABLE 3 DOSES (mR) TO BODY SITES DURING BITE WING EXAMINATIONS
F3 MEE XM LA MEEA (mR)
60LkVp, FSD 15.5cm, 0.5 mmAl, Film FUJI KX

Incisor Left Bicuspids Left Molars
Site =

6.5cme, 8.0cmd, 10.0cm¢, 6.5cm, 8.0cmg, 10.0emd, 6.5ecme, 8.0cmeg, 10.0cm ¢,

SmAs HmAs HmAs 8mAs 8mAs EmAs 8mAs 8mAs 8mAs
. i 1 1 1 0 1 2
Lens, right 6 2 16
Lens, left 8 17 37 6 13 30
Pituitary fossa 2 2 5 0 0 2 3 5
Thyroid, right lobe 11 21 94 13 a7 118 32 a4 126

bl

Thyroid, left lobe 20 30 138 31 62 365
Skin 735 735 750 1170 1190 1180 1170 1190 1170




TABLE 4 DOSES (mR) TO BODY SITES DURING OCCLUSAL EXAMINATIONS
#4 BEXEMHCLIMBER (nR)
60 kVp, FSD 15.5¢em, 0.5 mmAl, Film FUJI KX

o Upper Incisors Left Upper Cuspid
ite
6.5cmp, 8mAs  8.0em¢, 8mAs 10.0cmg, BmAs 6.5cme,12mAs 8.0cmg,12mAs 10.0cmg, 12mhs
Lens, right 1 14 13
52 237 626
Lens, left 1840 1680 1600
Pituitary fossa 4 3 8 2 10 6
Thyreid, right lobe 3 9 15
5 6 10
Thyreid, left lobe 8 11 13
Skin 1180 1170 1060 1680 1790 1790
Floor of the Mouth Left Lower 3rd Molar
Site T
6.5cme, 8mAs S.Ocmq. 8mAs 10.0cme, 8mAs 6.5cme,12mAs 8.0cme,12mAs 10.0cmg, 12mAs

Lens, right 9 10 10 0 0 3

Lens, left 8 12 12 45 54 964
Pituitary fossa 1 4 16 26 21 32
Thyroid, right lobe 23 54 197 23 32 73
Thyroid, left lobe 21 46 131 170 667 1130

Skin 1140 1170 1180 1750 1790 1790

TABLE 5 DOSES (mR) TO BODY SITES DURING ORTHOPANTOMOGRAPHY
#¢ 5 Orthopantomography (- L 26234 & (mR )

Site Siemens (Type OP-2)* Morita “Panex™**

Lens, right 7 14
Lens, left [ 12
Pituitary fossa 30 31
Thyroid, right lobe 320 42
Thyroid, left lobe 283 44
Maxillary sinus, right 14 7
Maxillary sinus, left 16

Ethmoid sinus 17

Motch, right 220 97
Notch, left 991 79
Mandible, right angle 91 58
Mandible, left angle 158 75
Mandible, symphysis 26 6
Cervical spine 169 21
Skin, right molar 30 4
Skin, left molar 46 8
Skin, right bicuspid 13 7
Skin, left bicuspid 15 4
Skin, lip 10 2
Skin, neck (back) 210 14

Technique used:

* Siemens —85kVp, FFD 50 cm, Beam size 1 cm x15cm, 12sec, 15mA, Film SAKURA New Y Type.
** Morita — 90 kVp, FFD 73.8 cm, Beam size 0.5em %23 cm, 23 sec, 3.5-13.5 mA, Film FUJL KX,



TABLE 6 DOSES (mR) TO BODY Sl'l‘h‘S DURING CEPHALOMETRY *

F 6 FHEEX AN

BERC & B B R (mR )

FFD 165em, 120kVp, 11.8 mAs, Output 85 mBE/mAs at 100 cm From Focal Spots, Film SAKURA New Y Type

Site

Dose (mR/exposure)

Lens, right

Lens, left

Pituitary fossa
Thyroid, right lobe
Thyroid, left lobe
Skin

Maxillary sinus, right
Maxillary sinus, left
Ethmond sinus
Notch, right

Notch, left

Mandible, right angle
Mandible, left angle
Mandible, symphysis

Cervical spine

—
- o =

39
56
14
36
30
11
39
19
43
12

* Tokyo Engine Kogyo Apparatus

Doses at various body sites by full mouth dental
X-ray examinations according to tooth examined and
three beam sizes are shown in Table 7. Though
doses ro some sites did not increase notably by
field size, those to the thyroid gland and lens did.
Skin dose was not proportional to increasing field
sizes because the concept of surface area was not
considered.

Table 8 shows doses to body sites from full-mouth
roentgenography, including bite wing exposures.
Skin dose represents the sum of the surface doses
from all exposures. With 18 films, thyroid doses
using 6.5 and 8cm field sizes were 0.5 and 1.5R,
with a 10,0 cm field size, more than 3 R. Lens doses
were generally of nearly the same magnitude as
thyroid doses.

Male gonad doses are shown in Table 9 for two
examinations according to beam size. Male gonad
doses for examinations of other teeth, and female
gonad doses for all examinations were not detectable.

Application of the Dose Table to AHS Subjects.
Technical factors for dental roentgenography varied
between Hiroshima and Nagasaki, and among the
hospitals and clinics. It was assumed that patients’
doses increase linearly with increasing mas, and
that they are inversely proportional to the square of
the distance from the focal spot. The teeth examined
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TABLE 7 DOSES (mR) TO BODY SITES DURING FULL MOUTH ROENTGENOGRAPHY
X AR A T & AR A (mR )

#7

60kVp, FSD 15.5cm, 0.5 mmAl, Film FUJI KX or SAKURA New Y Type

L-Bicuspids

Incisor L-Cuspid Molars
Site -
Upper Lower Upper  Lower Upper  Lower Upper  Lower
4mAs 3mAs 6mAs  HmAs Bmhs  TmAs 0mAs  HmAs

Beam Size:6.5cm ¢

Lens, right 3 3 2 2 i 0 0 0
Lens, left ’ 150 5 99 2 22 0
Pituitary fossa 0 3 2 4 0 0 0 0
Thyroid, right lobe 3 g L0 11 8 28 17 101
Thyroid, left lobe 9 9 37 28 24 90
Skin 592 426 882 695 1180 1030 1470 1170
Beam Size:8.0em o

Lens, right 1o 0 2 1 0 0

ens, rig 16 ¢ .

Lens, left 630 9 i1 4 50 2
Pituitary fossa 0 3 3 6 1] 1 5 1
Thyroid, right lohe 3 20 9 34 11 104 36 196
Thyroid, left lobe 14 25 58 58 191 574
Skin GO8 420 960 730 L1580 1030 1500 1200
Beam Size:10.0em ¢ -

Lens, right i 15 70 8 ] 2 il

i0 15
Lens, left 810 6Y 793 13 103 i1
Pituitary fossa ] 13 4 17 3 3 7 2
3 o

Thyreid, right lobe 3 o5 10 23 20 231 -Igﬁ' 233
Thyroid, left lobe ' 22 29 101 219 342 700
Skin 556 483 828 680 L180 1020 1450 1180

Total
95 mAs

23
a67
16
362
406
13890

805
1860
14230

290
3680
84
2270
2860
13720

*

TABLE 8 DOSES (mR) TO BODY SITES DURING FULL MOUTH ROENTGENOGRAPHY
B X BREIC L S MEHAE (mR )

14 films; bite wing excluded

# 8

60kVp, FSD 15.5¢em, 0.5 mmAl, Film FUJI KX or SAKURA New Y Type

14 Films* 95 mAs

16 Films** 111 mAs

18 Films*** 127 mAs

6.5emg 8.0emg 10.0emg

Site
6.5cmg  B8.0cmg 10.0cmg¢ 65cm¢ 80cmg 10.0cm ¢
Lens 295 1400 1990 304 1410 2020 311
Pituitary fossa 16 34 84 20 35 84 24
2020 22 F0
Thyroid, lobe 384 1330 Bare 418 1400 20 481
Skin 13890 14230 13720 16230 16610 16080 18990

1430
40
1550
18990

2060

95
277&

e

18420

* No bite wing

** 2 bicuspid bite wing

hE

2 bicuspid; 2 molar bite wing



TABLE 9 MALE GONAD DOSE (mR) BY TEETH EXAMINED AND BEAM SIZE
#£9 BHFERMIRGRE (mR): M

LA LUBEDOAKE &R
60kVp, 10mAs, FSD 15.5¢em, 0.5 mmAl

Beam Size (cmg )

Site
6.5 8 10
Upper incisors 0.10 0.12
Upper left cuspid 0.02 0.05

Doses were measured using Memorial lonization Chambers and Baldwin-Farmer (Type RB)

Electrometer and Mix-D Phantom Human

TABLE 10 MEAN DOSES TO BODY SITES FROM DENTAL ROENTGENOGRAPHY FOR
HIROSHIMA ADULT HEALTH STUDY MEMBERS

#£10 WHXSEHECLIEGOTHER: L5, RAEENENSSE
Dose (mR) by Tooth Examined
Site ; s ; ;
U-Incisors L-Inecisors U-Cuspid L-Cuspid U&Bﬁzﬂ:g IE;BJ;;:E?
Exposures 78 39 83 71 127 140 Total 538
Lens, right 43 7 9 11 2 1
+86 H1 29 +19 +3 +2
Lens, left 41 o 382 16 115 6
a +10 +829 +26 +181 +10
Lens, average 42 7 196 14 59 4
+72 +11 +494 +22 +92 +5
Pituitary fossa 1 3 2 6 3
+1 +4 +2 +8 +5 +4
Thyroid, right lobe 2 23 7 1% 18 50
+3 +33 +7 +14 +23 =72
Thyroid, left lobe o 20 20 15 68 105
+4 126 +23 +17 +101 +166
Thyroid, average 2 22 13 13 44 77
+8 +30 *15 +16 +60 +119
Skin 472 519 721 634 774 803
+376 +542 +563 1636 +842 +7562

are according to techniques established by clinic
surveys.4 Concerning beam size variations, doses
for beam sizes other than those in Table 1 were
obtained by interpolation. We corrected differences
in radiation output berween X-ray apparatus used
in both cities and that used in the phantom dosimetry.
The technical factors used and radiation output and
quality determinations have been reported elsewhere.3

The mean doses to various body sites from dental
roentgenography are shown in Tables 10 and 11.
As indicated by the standard deviations, relatively
large variations were observed. The doses shown
are from exposures of one side only.
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TABLE 11 MEAN DOSES TO BOBY SITES FROM DENTAL ROENTGENOGRAPHY FOR NAGASAKI
ADULT HEALTH STUDY MEMBERS

#11 HBAXHERECLIBGEOTHER: RG, NARENENSE
Dose (mR) by Tooth Examined
% UBiGegd  LiBicumd
Inci Inei : : G -Bicuspi _-Bicuspi
U-Incisors  L-Incisors U-Cuspid L-Cuspid & Molars % Molars
Exposures 18 10 14 20 27 a7 Total 132
Lens, right 25 3 5 4 2 1
+23 +3 +3 +4 +2 +0
Lens, left 24 3 2563 6 78 4
+21 +2 +145 +6 +110 +5
Lens, average 24 3 132 5 40 2
+22 +3 +74 +5 +57 +3
Pituitary fossa 1] 3 2 4 3 2
+3 *1 +2 +3 +1
Thyroid, right lobe 2 13 5 8 19 24
=1 40 +3 +3 +17 +19
Thyrpid, left lobe 2 13 14 10 53 50
aed b +0 £, +4 +59 +42
Thyroid, average 2 13 10 9 36 37
3] +9 +5 +4 +37 +30
Skin 435 567- © 552 467 691 559
+193 +530 +369 +186 +hHR6 +336
DISCUSSION z B
Though less sensitive to radiation than ionization LiF (&, BE#AL D LSBT 2BEERV Y, B
chambers, LiF detectors are .sun_able for measuring LANE ¢, TALE RSSO0 T,?
dose from dental X-ray examinations because they L] ._
are small and relacively independent of radiation BXBBECEIBBOMECHEL TV 5. HFEX MM

energy.1?  Sizes of dosimeters for dental X-ray
examinations are critical because of the small fields
used. Accuracy of the thermoluminescent dosimeters
was within 5%. However, considering variations in
output of the dental X-ray unit per exposure, and the
difficuley reproducibility of the experimental
arrangements, such as projection angles, the errors
this study approximated 10%. As shown in
Table 1, skin doses should have been the same for
all examinations but the standard deviations for the
skin doses were within S %.

in

in

For other than skin
5 %-
Takaki et all3 have reported that doses per exposure
from dental roentgenography in Japan ranged
300-5000 mR to the skin, 100-1000 mR to the eyes,
0.2-1.0 mR to the male gonads and 0.04-0.15mR to the
female gonads. According to Kirabatake et al, 14
these were 10-1000 mR for the eyes and 500 mR for
the thyroid gland. In general, the doses we obtained
by phantom dosimetry were less than the above
values and gonad doses in this study were much
lower than those reported by other investigators. 1519

doses, the errors may have been more than
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Some increase in film speeds and the better colli-
mation in newer X-ray units may have been responsible
for the current lower doses.

The gonad doses we obtained were comparable to
those of Ardran and Crooks2? who reported 0.008 mR
per film for males and 0-0.0007 mR per film for
females. They described the average gonad dose as
no more than 0,008 mR per film, using well-designed
X-ray According to a UN Report,21
contribution of dental Xray examinations to the annual
significant dose was 0.01-0.15mrem,
while that of medical X-ray examinations was about
30 mrem. For future estimates of genetically signifi-
cant doses, dental exposure is therefore negligible
compared to medical and other exposure sources.

apparatus.

genetically

Recently reported doses from full mouth X-ray
examinations ranged from 5-60 R te the skin,
80-1500 mR to the lens and 50-900 mR to the
thyroid.17-19,22,23 These full mouth doses are sums
of doses from all exposures during a single full
mouth examination. Similarly determined, our values
14-18 R, 300-2000 mR and
400-3300 mR respectively, depending on beam size,
and numbers of films used (Table 8). These results
confirmed the need for well-collimated X-ray beams

to minimize doses to these organs.

for these sites were

We encountered wide variations in technical factors
used in dental roentgenography.4:3 Applying dose
data obtained by phantom dosimetry, the doses
estimated for community dental institutions showed
large standard deviations. The minimum and
maximus skin doses per exposure were 100mR and
3300 mR, respectively. Though we did not determine
the exact reason of the large differences, they may
have been due to improper exposure factors and film
According to Bushong et al,24 the
average thyroid dose during full mouth examinations
among 55 patients, using LiF ribbons atrached to
the patients, intermediate speed film, and 65 kVp,
was 0.37R. Using ultra-speed film and higher kVp,
this dose was reduced by a factor of 5 to 8. The
average thyroid dose in the majority of Hiroshima
and Nagasaki dental offices using intermediate
speed film and 60 kVp, was 0.38 R based on the data
in Tables 10 and 11. Doses from Hiroshima and
Nagasaki examinations are not considered sufficiently
high to cause bias in studies of late effects among
A-bomb survivors, primarily because relatively few
full mouth X-ray examinations were conducted.25
However,
insurance programsZ26 permit greater numbers of
projections per examination, the frequency of full
mouth examinations is gradually increasing,27
underscoring the need for greater efforts roward
dose reduction.

processing.

since recent revisions in dental health
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