TECHNICAL REPORT
RERF TR 10-88

¥ M N & ®

SALIVARY GLAND DOSES FROM DEN'I"AL RADIOGRAPHIC
EXPOSURES ‘

HEHXERBICLIIERBORBREE

MASAHARU HOSHI, Ph.D. & IEf
TAKURO WADA, D.M.D. FIH s
SHIGETOSHI ANTOKU, Ph.D. % i
KAZUO KATO, M.S. hiE—4
WALTER J. RUSSELL, M.D., D.M.Sc.

§I
A
RERF
RADIATION EFFECTS RESEARCH FOUNDATION
BEEA M OB 2 2 2 M R R

A cooperative Japan - United States Research Organization
B *% # A W % # B



ACKNOWLEDGMENT

The authors are grateful to the Department of Oral Radiology, School of Dentistry,
Hiroshima University for authorizing the use of dental radiographic units in this series of
dosimetry studies. They thank Helen Q. Woodard, Ph.D. for reviewing the manuscript
and for her criticisms and suggestions. The technical assistance of Masayoshi Mizuno,
RT, Shoji Nishio, RT, and Tadashi Sunayashiki, RT throughout this study is greatly
appreciated, and the assistance of Mrs. Grace Masumoto in preparing the manuscript
. is deeply appreciated. We are grateful for the grant-in-aid provided by the J. Morita
Corporation which greatly facilitated the completion of this study.

CZO—HOBRBUNERELEBTSIHL), BHXBEEROMAEFL VAL VL
T K 2 7 B0 R AR S E ORI B B AL IS 5. AR B LSURS O B I,
8 41 3735 0812 A R £ B b > 7= Dr. Helen Q. Woodard IZ#E # %+ 5. HMEOIEM I
EHRMEYHECLEVAEKTIES, BEECRUDREYE SORBREMOS 4, 1
FWMEBOER HBA VALV AESTRICERTS. RRCEHEOTRICHLY,
WM& 2RO SN EY) FBERR (k) 2xf UBBOB 2R T 3.

RERF TECHNICAL REPORT SERIES
' MEMEMBESEE

The RERF Technical Reports provide the official bilingual statements required to meet the
needs of Japanese and American staff members, consultants, and advisory groups. The
Technical Report Series is not intended to supplant regular journal publication.

B SR S A, EORYMPTRER, R, EE B O Bk IE 2 B A0 0 HIEWAE I
LARNMELRBRTHS. RHMBEHIDLAOE ERER LI bEILOTIIE L.

A A e e

The Radiation Effects Research Foundation (formerly ABCC, was established in April 1975 as
a private nonprofit Japanese Foundation, supported equally by the Government of Japan
through the Ministry of Health and Welfare, and the Government of the United States through
the National Academy of Sciences under contract with the Department of Energy.
T S SRR 2 (JEABCC) 1, FERIS0E 4 H 1 [ EARBEAL LTRELALOT, 208 H XM BT O
PEHMIZED, BAEREEROME, KERTALE K EORMIETREELROMMEL L5 T
ME s TWVS. :



RERF TR 10-88

%3 RADIATION EFFECTS RESEARCH FOUNDATION
RERF W [ i A o o ok % O K® O Research Project TRZERE 1-74
SALIVARY GLAND DOSES FROM DENTAL RADIOGRAPHIC EXPOSURES
WREXBBEELCL>ERROEHRIRE
MASAHARU HOSHI, Ph.D. ( % iFi# ), TAKURO WADA, D.M.D. ( #li 5 FIS Vi
SHIGETOSHI ANTOKU, Ph.D. ( %t )***; KAZUO KATO, M.S. ( hiE—"E )*;
WALTER I. RUSSELL, M.DD., D.M.Sc.
Division of Radiology, Department of Clinical Studies
5 A A7F 9T B A A A T
SUMMARY Z 0
Salivary gland doses incurred during dental radio- RN X R & AR O MRS R AT > v N A

graphy were measured by phantom dosimeltry, and
these dose data and data obtained during a two-week
survey of Hiroshima and Nagasaki dental hospitals
and clinics were used to estimate the respective
doses to members of the populations of the two
citics. The results obtained were used to supplement
previously determined doses to the thyroid gland,
lens, and pituitary gland from dental radiography.
No significant differences in doses were observed
by age, sex or cily. Doses to the salivary glands
during dental radiography are probably not suffi-
ciently large to cause bias in assessments of atomic
bomb survivors for late radiation effects. However,
the steadily increasing usc of dental radiography
underscores the need for continued monitoring of
dental radiography doses in the interests of these
assessments.

INTRODUCTION

Doses  incurred  during  dental  radiographic
exposures in Hiroshima and Nagasaki have been
reported by Kihara et all2 and Antoku ct al. 4.4
Those reported doses were to the bone marrow, lens,
pitnitary gland, thyroid gland, and skin.
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The late effects of A-bomb radiation on the salivary
glands of survivors were reported by Belsky et al®®
and Takeichi et al” who observed relatively high
rates of tumor induction and a highly significant
correlation between A-bomb radiation doses and the
rates of induction of histologically proven malignant
tumors, but no such correlation was observed for
benign tumors. The risk factors for the incidence
of salivary gland tumors induced by ionizing radi-
ation were estimated in the UNSCEAR® and BEIR
reports.®

To provide dose data for dental radiographic
exposures relative to late radiation effects, the
dosimetry in the present study was performed to
supplement doses previously obtained.! =% Doses
obtained in the present study will be used with doses
from other sources to estimate the overall exposure
of A-bomb survivors in Hiroshima and Nagasaki.

MATERIALS AND METHODS

The populations surveyed, frequencies of examina-
tions, types of examinations, technical factors used
during dental radiographic exposures, and doses to
radiosensitive organs other than the salivary glands
have been reported elsewhere.?*

Phantom Dosimetry

A conventional dental radiographic unit (Asahi
Dental Manufacturing Company, Type PX 90),
rated at 60 kVp and 10 mA, with 0.5 mm alu-
minum filtration was used for intraoral radiography.
Four orthopantomography units (Siemens Type OP-
2, Siemens Type OP-3, Asahi Dental Manufac-
turing Company Type 100-20 RCM, and Morita
Manufacturing Company Veraview) were used to
perform the dosimetry for orthopantomography.

The window of the X-ray tube of the conventional
dental apparatus was fixed in size; therefore, two
focus-surface distances (FSD) 23.3 and 33.3 c¢m,
were used to approximate two field sizes, 7 and
10 cm in diameter at the skin surface, respectively.
From these distances, the doses obtained were
corrected to 15.5 cm according to the law of the
inverse square of the distance. This was the
distance most frequently used in the community
dental institutions.

Positioning for the projections used during the
phantom dosimetry was performed by two dentists
and one dental radiologic technician. Each experi-
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mental procedure was repeated at least three times,
and the resulting doses were averaged.

A thermoluminescent dosimeter (TLD) system
(Harshaw Model 2000-TL Analyzer) and magne-
sium silicate TL-detectors (MSO-S, Kasei Optimix
Ltd) in glass capsules, 2 mm in diameter and 1
cm in length, were used. To correlate the TLD
readings with exposures in mR, a Shonka-Wykoffl
ionizalion chamber (Exradin Type A2) was used
with an electrometer (Keithley Model 602). This
chamber was calibrated at the Regional Calibration
Laboratory, Memorial Sloan-Kettering  Cancer
Center, New York. Standard deviations of current
readings of TL-detectors ranged from 0.1%-4.3%
with an average of 1.8%. The errors in phantom
dosimetry depended mainly on the variation of X-
ray output of the apparatus used. The TLDs were
calibrated by irradiating them and the chamber
simultancously. The chamber was half-submerged
in a central depression in a 17x 11 15-cm block-
shaped Mix-D phantom. Exposures in R were con-
verted to absorbed doses in mGy using a conversion
factor of 0.089 mGy/R.

The hecad and neck portions of a Rando phan-
tom (Alderson Research Laboratories) were altered.
Cavities were made in them to accommodate TL-
detectors at the sites of the right and left parotd
glands, right and left submaxillary glands, the
sublingual gland, and the skin at the centers of the
respective exposure fields. For orthopantomogra-
phy, doses were measured at five sites on the skin;
over the right and left molars, the lip, and on the
neck, anteriorly and posteriorly.

RESULTS

Phantom Dosimetry

Tables 1 and 2 show doses to the salivary glands
and skin according 1o the teeth examined using the
beam diameters, 10 and 7 cm, respectively. For
the parotid and submaxillary glands, two each left
and right side doses were averaged, and these are
shown in the tables. The doses to the parotid glands,
excluding maxillary molar examinations, were less
{han those to the other salivary glands because the
former arc not as close to the tecth examined as
the latter. However, relatively large differences
in doses to the parotid gland, by factors of 8 to
11, were observed among the examinations of the
mandibular incisors and maxillary molars. These
were due 1o the differences in doses incurred inside
and outside the direct radiation beams.
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TABLE 1 SALIVARY GLAND AND SKIN DOSES BY TEETH EXAMINED (mGy/mAs)

1 MWD OMERIR B O AL (mGy/ mAs )
Incisors Cuspids Premolars Molars

Sit

e Maxill. Mandib. Maxill. Mandib. Maxill. Mandib. Maxill. Mandib.
Parotid 00122 021 0013  0.032 0036 0034 0.43 0.11

Submaxillary  0.084 127 0.20 111 032 1.09 0.41 1.29

Sublingual  0.12 1.40 0.18 1.45 0.29 1.20 0.21 0.99

Skin 2.96 2.92 273 2.76 2.64 2.87 258 2.69

Dental radiographic apparatus: Asahi PX-90 (Full-wave rectification).

MR X BT D Asahi PX - 90 (4 $4i0)
Doses were corrected from 33.3 ecm to 15.5 cm FSD
A3 FSD 33.3em & 515.5cm ~#iIE

0.5 mmAl added filtration, 60 kVp, beam diameter: 10cm

0.5mmIE T I Za—AMM 7 4 LF—, 60 kVp,

R4 1

0cm

TABLE 2 SALIVARY GLAND AND SKIN DOSES BY TEETH EXAMINED (mGy/mAs)

# 2 AT oOnE AR B O R AR AL (mGy/ mAs )
Incisors Cuspids Premolars Molars
Si
e Maxill.  Mandib. Maxill.  Mandib. Maxill.  Mandib. Maxill.  Mandib.

Parotid 0.005 0.020 0.005 0.016 0.015 0.016 0.063 0.041
Submaxillary  0.054 0.34 0.11 0.32 0.11 0.86 0.41 1.17
Sublingual 0.084 1.33 0.12 1.31 0.22 1.18 0.20 1.02
Skin 2.87 2.74 2.46 2.53 2,74 271 3.14 3.05

Dental radiographic apparatus: Asahi PX-90 (Full-wave rectification).

MIEFX 4R 2 Asahi PX - 90 (42800
Doses were corrected from 23.3 ecm to 15.5 ¢cm FSD.
#litiz FSD 23.3em & 515.5em ~HlIE

0.5 mmAl added filtration, 60 kVp, beam diameter: 7cm

0.5mmfZ7T NI =a—AMMT ¢y —, 60kVp, BIHEF: 7

Doses incurred during exposures by the four
orthopantomography apparatus are shown in Table
3. Unlike with conventional oral radiography, these
doses 1o the parotid glands were greater than those
to the other salivary glands because the parotid
glands are located near the center of the transverse
rotation of the orthopantomography apparatus. Ac-
cording to apparatus, there were wide variations in
doses, for which possible explanations may lie in
the FSDs, field sizes, and milliamperages. Similar
variations in doses by apparatus were reported by
Wall et al.*0

cm
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TABLE 3 SALIVARY GLAND AND SKIN DOSES DURING ORTHOPANTOMOGRAPHY
(mGy/mAs)

#3  Orthopantomography 12 & & M Bt bt A OF R It (mGy/ mAs )

Asahi, Panoramax Sicmens, Siemens,
100-20 RCM Type OP-2  Type OP-3  Morila Veraview

Site 180 mAs 150 mAs 165 mAs 120 mAs
Parotid 0.016 0.019 0.020 0.011
Submaxillary 0.0048 0.0075 0.0056 0.0019
Sublingual 0.0040 0.0097 0.0057 0.0016
Skin

Molar 0.0014 0.0022 0.0016 0.0006

Lip 0.0004 0.0005 0.0004 0.0001

Neck, posterior 0.0066 0.012 0.0094 0.0030

Neck, anterior 0.0026 0.0024 0.0026 0.0010

mAs is normally used for the apparatus. For example, the dose for parotid gland is
2.88 mGy/examination for Asahi, Panoramax.
mAs W MERCARMA s T AT WAL,

LAMOT FIRMIIEZ. 88 mGy/ RETH 5.

Application of Dose Tables to the Hiroshima and
Nagasaki Populations

Salivary gland and skin doses were calculated
for the Hiroshima and Nagasaki populations by
teeth examined, and by age and city, based on
data obtained during a previous hospital and clinic
survey,? and the phantom dosimelry in the present
study. Results obtained are shown in Tables 4 and
5. There were no slatistically significant differences
in doscs by cily or age.
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TABLE 4 AVERAGE SALIVARY GLAND DOSES PER EXAMINATION, BY AGE AND CITY
DURING INTRAORAL AND FULL-MOUTH RADIOGRAPITY
(Unit: mGy/examination)

A4 RN, BTN E U EMX SR LS LAY

Fo 0 o e T B L (L mGy /D)

Age (years)

City 13-29 30-39 40-49 50-59 60-69 TO+ Total Exp/lixam No.
Intraoral

Hiroshima 2.25 2.34 2.08 1.89 2.59 2.67 2.22 1.44
(.50 (259  (230) (251 (3.46) (2.88)  (2.55)

Nagasaki 2.25 1.87 1.76 1.67 2.08 1.74 1.95 1.38
@90)  (223) (@21) (08) (@17 (178) (2.45)

Total 2.25 2.19 1.98 1.82 2.44 2.40 2.14 1.42
(2.61) (2.49)  (230) (238) (3.13) (264) (2.53)

TFull-mouth

iroshima 11.66 12.73 12.92 12.39 14.19 6.04 12.30 9.1
(6.38) (132)  (5.76) (1.50) (497) (1.93) (6.56)

Nagasaki 11.23 13.06 9.33 9.27 11.89 - 11.04 10.0
(4.02)  (400) (668 (1.70)  (7.89) B (4.64)

Total 11.54 12.80 12.10 11.67 1377 6.04 12.02 9.3
(5.84) 6.75)  (6.09) (6.72) (5.19) (1.93) (6.18)

*Standard deviaton AR 2E
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TABLE 5 AVERAGE SKIN DOSES PER EXAMINATION, BY AGE AND CITY DURING
INTRAORAL AND FULL-MOUTH RADIOGRAPHY (Unit: mGy/examination)

5 M, WMEEDIONAE R X ST R S LAY 20 O (HAL D mGy/ HiTE)
Age (ycars)
City 13-29 30-39 40-49  50-59  60-69 70+ Total  Exp/Exam No.
Intraoral
Hiroshima 153 15.9 14.3 13.8 18.7 15.4 15.2 1.44
(14.0)*  (15.0) (14.00 (14.4) (23.8) (16.3) (15.1)
Nagasaki 14.7 124 13.7 11.8 16.1 124 13.6 1.38
(16.2) (10.8) (15.00 (1240 (16.2) (8.9 (14.2)
Total 15.2 14.8 14.1 13.2 17.9 14.5 14.7 1.42
(14.7) (139 (143) (13.8) (21.8) (14.6) (14.9)
Full-mouth
Hiroshima 82.1 85.9 91.2 88.3 95.9 39.5 85.6 9.1
(46.0) (49.8) (42.8) (46.8) (41.4) 9.3) (45.9)
Nagasaki 76.4 106.2 59.9 61.2 69.4 - 7.5 10.0
(20.5) (673) (31.0) (82 (31.2) - (39.8)
Total 80.6 90.0 84.1 82.0 91.1 39.5 83.8 9.3
(40.8) (53.7) (42.2) (42.6) (39.8) (9.30) (44.6)

*Standard deviation A%l (i 2%

Doses [rom orthopantomography are not shown.
Their contribution to overall doses was much less
than were those from intraoral and full-mouth radio-
graphy because of their low examination frequency
in the present study.

DISCUSSION

The salivary gland doses measured in the present
study were greater than those reported for other
organs, such as the lens, pituitary gland, and thyroid
gland, since the salivary glands are located closer to
the teeth examined and are often exposed inside the
direct radiation beam. Skin doses at the centers of
the exposure fields were similar to those previously
determined.®

Very few reports of salivary gland doses from
dental radiography have been published.!®~12 Ac-
cording to Wall et al*® doses to the parotid gland
were 0.03 mGy per exposure, an average [rom
a full-mouth examination, and they ranged from
0.45 to 2.8 mGy using seven orthopantomography
apparatuses made by different manufacturers. The
corresponding values in this study were 0.04 mGy
for small beam sizes (Table 2) and from 1.3 to
3.3 mGy for four of the different orthopantomogra-
phy units, respectively. Iwai'? reported 0.03 mGy
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to the parotid gland per exposure during intraoral
radiography. Doses due to the parotid gland depend
strongly on beam size, as mentioned above. In
general, doses obtained in the present study were
comparable to those previously reported by other
investigators.10:12

The salivary glands are important radiation exposure
sites because they receive relatively high doses
during dental radiography. The reported contribu-
tion of salivary gland doses to the total risk from
dental radiography was the highest among all organs
exposed.t112 According to the BEIR report,® the
induction rate for both benign and malignant tumors
of the salivary glands is perhaps no more than 10
cases per million exposed children per rad during
a 20-year follow-up period. This raie would be
expected to increase over a longer observation
period, but considering exposures during adult life,
this risk may decrease. Assuming 10 excess cases
per rad per million during such a 20-year period, the
risk factor for the salivary glands was calculated to
be 0.5 cases per rad per million person-years. By
applying the dose levels of Hiroshima and Nagasaki
to nationwide rates, approximately eight cases of
benign and malignant tumors would be attributable
to dental radiography; this would be about 2% of
approximately 360 cases for the total incidence of
salivary gland tumors in Japan.'® Belsky et al>®
reported that the rate of malignant salivary gland
tumors was about 30% of the total salivary gland
tumors induced by A-bomb radiation in A-bomb
survivors. The 15-year survival rate of patients with
malignant salivary gland tumors was reported to be
70%. These considerations lead to the conclusion
that fatal salivary gland tumors caused by dental
radiography must be very few, and that doses to
the salivary glands during dental radiography are
not now sufficiently high to cause bias in the
assessments of late radiation effects among A-bomb
survivors.

However, the frequency of dental radiographic
examinations in Japan is steadily increasing. Con-
linuing improvements in techniques and factors of
exposure, such as the use of relatively high speed
radiographic films, are needed to reduce patient’s
doses. In the United States, more than 80% of
dentists were using D-speed film!*; whercas less
than 30% were using D film in Japan.!® The tube
voltages being used in Hiroshima and Nagasaki
in the majority of cases was 60 kVp. Among
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