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SUMMARY

A phantom human jaw constructed of Mix-D
material and containing a human mandible, with
simulated caries, amalgam restorations, and other
deformities in the teeth encountered in clinical
dentistry, was radiographed using various kVp,
mAs, and X-ray films. The radiographs weie
assessed by 12 Japanese and 12 American
dentists. An altered Rando phantom was used to
measure doses to critical organs according to the
various exposure parameters.

Most of the participating American and Japanese
dentists selected as diagnostically best, Kodak
Ulira-Speed radiographs exposed at 50 kVp,
Three of eight Japanese dentists opined that
radiographs exposed to 90 kVp X-rays were
unsatisfactory in that they did not provide the
diagnostic information present on the films
exposed at 50 kVp. Relatively high (90) kVp
techniques incur less surface doses. However, the
results of this study suggested that, with high
kVp techniques, some important diagnostic
information may be missed. The relatively low
kVp techniques incur greater surface doses, but
appear to provide more diagnostic information
for the practicing dentist.
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INTRODUCTION

Advantages and disadvantages of using relatively
high and low kVp in intraoral radiography are
reported.® The purported advantages of high
kVp include lower surface dose in the exposure
field and -a “long gray scale” of diminished
contrast on the resulting dental radiograph.

Doses to the thyroid gland and lens during
dental radiography of atomic bomb survivors and
comparison subjects were assessedf"’ and were
much less than those earlier reported in the U.8.!
This was apparently due to the fewer radiographic
exposures per dental visit and per X-ray examina-
tion, relatively few “full-mouth” examinations,
and newer improved equipment currently used
in Yapan compared to that on which the earlier
U.S. reports were based. The thyroid gland
and lens are -relatively sensitive to ionizing

radiation. An increased incidence of thyroid
cancer has been found among A-bomb
survivors.? There is an increasing frequency of

dental radiography in Yapan,” probably because
of the revisions: in health insurance regulations
for full-mouth X-ray examinations.’® All these
conditions point to the need for reducing un-
necessary exposure of patients, especially of
" their critical organs,

This report assesses images on intraoral dental
radiographs according to various kVp, film, and
dose to critical organs. Also discussed is the
problem of obtaining with a minimum tissue
dose an image vielding maximum diagnostic
information by appropriately adjusting the
technical parameters of exposures,

MATERIALS AND METHODS

Phantom

A phantom jaw constructed of Mix-D material
and containing a human mandible was used for
radiographic assessments. Simulated caries or
penetrations were made by cutting the molar
teeth using a 0.5 mm diameter round burr at
high speed. Amalgam restorations approximately
1.5 and 3 mm in greatest dimension were
inserted in the mesial and occlusal aspects of the
third meolar as shown in Appendix 1.

The head and neck portions of a2 Rando phantom
(Alderson Research Laboratories) were altered
with holes to accommodate the lithium fluoride
(LiF) capsules (Harshaw Chemical Company)
and to measure doses at the right and lefi
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lenses, right and left lobes of the thyroid
gland, and pituitary gland. Surface doses were
measured at the centers of the exposure fields.
The right lower molar region was exposed for
both dosimetry and image assessmenits.

Radiography Apparatus

An experimental dental radiography unit was
made to our specifications by the J. Morita
Company (J. Morita Dental Manufacturing
Company Limited, Kyoto, Model X100ES).
This self-rectifying, oil-cooled apparatus was
operable at 50-100 kVp and 0-10 mA, with a
1.5 X 1.5 mm focal spot. The highly accurate
precision timer could be set at 20 intervals
between 0.05-3.00 sec. Exposure times were
indicated on a digital readout system from
0.001-9.999 sec. With exposures beyond 0.1 sec,
errors ranged from 0.08% to 0.23%; with
exposures less than 0.1 sec, as high as 4.2%,
Errors of the digital readout system . were
+100 psec, or 0.02%. This apparatus was used
for the radiography of the phantom and for the
phantom dosimetry.

Dosimetry

A thermoluminescent dosimeter (TLD) system
(Model 2000-TL Analyzer, Harshaw) was used
with LiF powder in gelatin capsules 0.5 cm in
diameter and 1.0 cm in length, Memorial
diagnostic X-ray ionization chambers'"!? with a
Baldwin-Farmer Type RB electrometer {Baldwin
Instrument Company Limited, England) were
used to comrelate the TLD readings with
exposures in milliroentgens (mR). Exposures
were converted to doses in rad, using a
conversion factor of 0.89 rad/R.'?

Image Assessments

Kodak Ultra-Speed, DF-58 Dental X-ray Film,
and Fuji Dental X-ray Film were exposed using
four tube voltages and nine sets of mAs. The
technical factors for exposing the phantom for
radiography are shown in Table 1, Kodak
"and Fuji developers and fixers were prepared
according to the manufacturers specifications.
Four sets of 72 films each were affixed to
processing racks and simultaneously processed
under standard controlled conditions. The
mounted films were appraised by 12 Japanese
dentists of six Japanese schools of dentisiry and
12 American dentists practicing in the U.S.
military service in Fapan.
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TABLE 1 FACTORS USED IN EXPOSING THE PHANTOM JAW
FSD: 20 cm, FIELD: 6x5 cm, RIGHT LOWER MOLAR EXAMINATION
1 BT bLAOBBIIACEME:

FSD 20cm, HA4F¥F 6 X Sem, A FEHEOME

Fuji Film Kodak Film
FI‘:]TI kVp mAs FI}I:“ kVp mAs F;Il? kVp mAs F;l;n kVp mASs
1 50 4 19 70 1 37 50 2 55 70 0.7
2 8 20 3 38 4 56 1
3 i3 21 5 39 6 57 2
4 i8 22 8 40 8 58 3
5 24 23 10 41 10 59 4
6 30 24 13 42 15 60 5
7 40 25 16 43 20 61 6
8 60 26 20 44 28 62 g
9 80 27 25 45 40 63 i2
10 60 2 28 90 0.5 46 60 1 64 920 0.5
11 4 29 1 47 2 65 0.7
12 7 30 2 48 3 66 1
13 10 31 3 49 5 67 1.5
14 13 32 5 50 7 68 1.7
15 16 33 7 51 10 69 2
16 20 34 9 52 13 70 3
17 30 35 12 53 13 71 4
i8 40 36 14 54 25 72 5

Without knowing the exposure factors or organ
doses, all dentists designated their first, second,
and third choices as to quality of films, using
the form shown in Appendix 2. For diagnostic
purposes all dentists also designated the most
desirable films reviewed at 70-75 cm, then at
about 25 cm, and again at closer range using a
magnifying lens. The Japanese dentists also
assigned scores to each film using each of the
16 criteria (Appendix 2} indicating the
diagnostically excellent, satisfactory, and un-
satisfactory films by 1, 2, and 3, respectively,
Following the initial assessments, the Japanese
_ dentists reevaluated in the same manner, all
films exposed at 90 kVp, knowing the exposure
factors used and the doses incurred.

RESULTS
Dosimetry
Radiation outputs in mR/mAs, 20 cm from the
focal spot, were obtained from 1onization
chamber readings measured at a distance of 47 cm.

BREEMIZBESERLMS AT, £2ERED
HHZoRTHEAZHTRESALT L AD
g izowng, FhAFAEL, £2, 53 & HERIEL
FEALE. 7, £BICFHEET0—T5m, KIZ#25m,
WP ASEE AT I VEHEEL S 7 1 VAL
LTa 6w, BifoAbIRbI0EOERIRLT
Lok 24, HARABREIRAIZ2ZOBHEA RS
nARMEERCTRHOE A, SEH/FL 7 1 V4, L
TANEFNL, DREET7INVAEINER],
2, 3EBALA. KRVTHBEFECOKVp TR
L7 balzonTiEEFRURRZMAS I
LTRLEHFETHEREBLTL S .

& =R
RERE
HEH 520z &1 5 mR/mAs BT OBREERE 7
15, 47endPERETRE L - BB O RS »5RD 7.



RERF TR 10-80

TABLE 2 RADIATION OUTPUT AND QUALITY OF X-RAYS,
J. MORITA X100ES
#£2 XBEHMABRUERK, J. ©) #X1W0ESEE

Added Filtration

KVp Qutput HVL
{mm Al) (mR/mAs at 20 cm) (mm Al}
50 2.0 14,7 1.70
60 2.0 28.9 2.15
70 2.0 39.7 2.45
90 2.0 65.7 2.80

TABLE 3 DOSES TO LENS, THYROID GLAND, PITUITARY GLAND,
AND SKIN DURING RIGHT LOWER MOLAR EXAMINATION ACCORDING TO kVp
UNIT: mrad/mAs, FSD: 20 cm, FIELD: éx5 cm
#3 BTFHREEEICLS
AR, BKR, TERE RUEESREkV &OME
H{¥: mrad/mAs, FSD 20cm, BE I 6 X 5om

kvp
Body Site
50 60 70 90
Lens 2.12 3.36 5.26 7.28
Thyroid gland . 2.07 312 4.73 6.84
Pituitary gland 0.75 1.65 3.50 6.16
Surface 16.9 27.2 42.6 70.7

Half-value layers were calculated from attenuation
curves based on ionization chamber readings with
aluminum absorbers (Table 2).* Doses to the
critical organs in mrad/mAs by kVp are shown in
Table 3. Average doses for the left and right
lenses and left and right lobes of the thyroid
gland were used throughout this study. Although
the right side was nearer the incident X-ray beam,
doses to the left and right sides of the organs
were nearly equal, probably due to beam
divergence,

Technical factors which rendered an optimum
optical density, and the corresponding doses
from these exposures by film manufacturer and
kVp are shown in Table 4. Fuji dental films
incurred doses twice those of Kodak dental
film, regardless of the kVp or organs exposed.
The lens, thyroid gland, and surface doses
decreased with increasing kVp, but the reverse
was true for the pituitary gland, except with
Kodak film exposed at 90 kVp. Use of
relatively high kVp for intraoral dental radiog-
raphy generally results in higher doses to deeper
structures such as the pituitary gland. This is
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TABLE 4 COMPARISON OF CRITICAL ORGAN DOSES BY kVp AND
FILM FOR EXPOSURES RENDERING OPTIMUM QPTICAL DENSITY
UNIT: mrad/Exposure
#F4 HEBESRBOLE: kVp BRU7 ¢ LiF
(BEOBLEE G o 0REEST)
B mrad /H2R

kvp mAs Lens Thyroid Pituitary Surface
FUJ FILM
50 30 63.5 62.2 22.3 507
60 16 53.7 50.0 26.3 436
70 8 42.1 37.8 27.9 341
90 5 364 342 30.8 354
KODAK FILM

50 15 318 31.2 11.2 254
60 8 26.9 25.0 13.2 218
70 4 21.0 18.9 14.0 170
a0 2 14.6 13.7 123 142

due both to a greater depth dose and greater
scattered radiation with higher kVp.

Image Assessmenis

Using the 16 criteria, each of the 72 radiographs
exposed at various combinations of kVp, mAs,
and films were assessed by the 12 Japanese
dentists. The film numbers the Japanese and
American dentists designated as most desirable
for diagnostic purposes are shown in Tables
Sand 6,

Kodak films exposed at 50 kVp were selected as
best by 10 Japanese and 11 American dentists.
None chose Fuji films. For the Japanese
dentists, the last column in Table 5 shows the
film numbers by the lowest arithmetical average
of the scores of these dentists. All 16 criteria
were assumed equally important and the best
films are listed in the fourth column. In
general, the film numbers in columns 4 and 5
differed because of too many films and observa-
tion points to which scores were assigned. How-
ever, one dentist felt that more criteria would be
necessary to assess the root-pulp-bone region.

Exposure factors for the films which were
designated most desirable and the doses to the
critical organs incurred by these exposure factors
are shown in Table 7. Film No. 68, exposed at
90 kVp, incurred the lowest doses to the four
body sites.
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TABLE 5 FILM DESIGNATED AS BEST FOR DIAGNOSTIC PURPOSES,

JAPANESE DENTISTS
#5 HEABMEFZIFICHRREEHLLEY 1 LA
Film Number
Dentist .
70-75 cm Distance Close-up Finat Lowest Scores*®

A 42 14 42 6,43,50
B 41 41 41 44,45,61
C 42 42 42 44
D 43 42 42 42
E 42 43 43 60, 61
F 42 43 43 43
G 42 43 43 60
H 41 3 58 51
1 42 42 42 42
J 44 43 43 44
K 43 43 43 44
L 43 58 68 18

*The film numbers with the lowest arithmetic average of scores,
AU ORGP EWMO 7 « L LKF

TABLE 6 FILM DESIGNATED AS BEST FOR DIAGNOSTIC PURPOSES,
AMERICAN DENTISTS
#6 KEARBEFBEIIEREIEHLLY VA

Film Number
Dentist
First Choice Second Choice Third Choice
M 42 43 50
N 42 43 50
0 42 43 50
P 44 43 51
Q 43 50 42
R 50 59 58
S 43 42 51
T 42 43 50
U 43 42 50
v 41 59 7
w 41 49 58
X 42 43 50

The Japanese dentists, who had designated as
best the films exposed at 50 kVp, reassessed all
films exposed at 90 kVp to determine whether
the 16 observation points could be identified at
90 kVp with equal clarity as on the 50 kVp
films. The exposure factors and doses to the
critical organs for each dental film were revealed
at this reevaluation.

B0kVp T EINA T VANBRTCH -/ LI5H
LABHASEHE]Z, 90kvp CHREBSAATNTO
T4 NAOFEMEKEL, WOkVp TH, 160HE
HAE0kVp TIBEL A7 1 L ADBE L LR
TRAGHEIPFANTELS -2, ZOBFMOER
T, 74 VAOBERHERUBRERBNOBRR %
B 5 A 12 L 7.
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TABLE 7 EXPOSURE FACTORS FOR FILMS DESIGNATED MOST DESIRABLE
AND CORRESPONDING DOSES TO CRITICAL ORGANS

7 BLHUELWT7NVADRBEFLFHIIEI RTERERE

s

No. of Dentists

Dose in mrad/Exposure

1;;'1;“ ——— Film kVp mAs - —

* Japanese American Lens Thyroid Pituitary Surface
41 1 2 Kodak 50 10 21.2 20.7 7.5 169
42 5 Kodak 50 15 31.8 31.2 112 254
43 5 3 Kodak 50 20 424 41.5 15.0 338
44 1 Kodak 50 28 594 580 210 473
50 1 Kodak 60 7 23.5 218 116 190
58 1 . Kodak 70 158 14.2 10.6 128
68 1 . Kodak 20 1.7 124 116 10.5 120

Five of the eight dentists who reappraised the
radiographs determined that all the diagnostic
information on radiographs exposed at 50 kVp
was also present on those exposed at 50 kVp,
although the latter were of lower contrast.
Three of the eight judged the 90 kVp radiographs
unsatisfactory for providing necessary diagnostic
information.

DISCUSSION

_Updﬂgrave14 stated that the interpretive value of
radiographs should not be decided on the basis
of general “‘eye appeal”, but on the usefulness of
the information provided. In addition to general
eye appeal, 16 observation points were used as
criteria for assessing radiographs in this study.
For eye appeal, all participating Japanese dentists
selected the radiographs exposed at 50 kVp as
best and using the 16 criteria their appraisals
generally coincided with those made on
eye appeal. ’

In a survey of hospitals and clinics in Hiroshima
and Nagasaki® 70% of the dental X-ray films in
use were of the “instant” packet-developed type
processed by injecting the processing solution
into their sealed envelopes with a hypodermic
syringe and needle. These instant films are
basically the same as the Fuji dental films used
in this study. All are screen-type films, but
are used without screens in dental radiography.
They were therefore less sensitive, with images
of poorer quality than the Kodak Ultra-Speed
films.

Opinions vary on the advisability of using high
kilovoltage techmiques. Pentel and Goren,’
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using step-wedges, compared image quality
and concluded that Kodak Ultra-Speed film
exposed at 90 kVp displayed the best tonal
scale, and was not suitable at 65 kVp because
of the images this technique produced. Similar
conclusions have been based on images of
" step-wedges radiographed with low and high
kVp techniques,'>’  From the analysis of
characteristic Hurter and Driffield (HD) curves
at 65 and 90 kVp, Webber and Ryge!” suggested
that more diagnostic information concerning the
enamel is obtainable at a higher kVp, and that
the diagnostic potential registered through soft
tissue would be similar or slightly less. According
to Richards et al,'® radiographs made with
40 keV monoenergetic X-rays displayed excellent
contrast and a complete range of densities,
compared to 23, 69, and 98 keV X-rays. Cho
et al’® measured the energy spectra produced by
the X-ray potentials used in the present study
using step-wedges observed that radiographs
photons with effective energies of 40 keV
originated from 70 kVp X-rays. Investigators
using step wedges observed that radiographs
exposed at relatively high kVp provide more
diagnostic information, and that the patients
incur lower doses. However, the dentists
participating in the present study favored films
exposed at relatively low kVp.

Doses to patients from X-ray examinations
should be as low as reasonably achievable. For
this reason, higher XVp is used in medical X-ray
examinations. The reduction in dose using
90 kVp as opposed to, 50 kVp is at first an
attractive advantage. At 90 kVp, doses to
critical organs are about one-half those at 50 kVp
except for the pituitary gland.

Training and experience in interpreting radio-
graphs are of utmost importance in the detection
of abnormalities.” The situations in dental
radiology differ from those of medical radiology.
In general, medical radiographs are interpreted
by radiologists; whereas, dental radiographs are
usually interpreted by practicing dentists not
specializing in radiology. The present study
indicates that 90 kVp films provide less
diagnostic information than those exposed at
50 kVp. Some abnormalities seen on 50 kVp
films were difficult to detect on those exposed
at 90 kVp. This may be anticipated with dental
practitioners, since their time is not entirely
allocated to film interpretation. Like the
Japanese, the American dentists selected as their
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first choice Kodak films exposed at 50 kVp,
indicating that for both groups more diagnostic
information was available at lower than at
higher kVp.

The 90 kVp X-ray head assembly is often
found by dentists to be relatively heavy and
cumbersome to position, and sometimes cannot
be maintained in position due to its weight. The
use of 90 kVp instead of lower kVp greatly
reduces the value of existing primary barriers,
results in a greater hazard for any persons
beyond those barriers, and necessitates additional
shielding where the X-ray apparatus is locatecl_.20

The most suitable kVp for dental radiography
must be decided on the basis of a benefit-risk-
ratio (i.e., maximum diagnostic information in
detecting abnormalities vs risk of harmful X-ray
exposure). The thyroid gland is the most
sensitive organ in or near the exposure fields for
intraoral dental radiography. Fatal thyroid
cancers have been reported at the rate of 5-15
cases per 10% per rad.*® From the data in
Table 7, using 90 kVp, the saving of dose to the
thyroid gland is about 30 mrad per exposure.
Considering the reported frequency of dental
X-ray examinations in Hiroshima of 0.7 exposures
per capita per year,”> potential deaths from
thyroid cancer using 50 kVp instead of 90 kVp
are estimated to be about 0.063-0.19 per 6 X 10°
Hiroshima population.

The benefits of dental radiography cannot
easily be expressed as number of lives saved by
detecting an abnormality because the dental
diseases involved are rarely fatal. However, if at
90 kVp, some abnormalities are not detectable,
or are likely to be missed, then a modest dose
reduction will be meaningless, because the entire
purpose of the examination will have been lost.
For these reasons, relatively low (50-70) kVp
may be more suitable for intraoral radiography
in clinical dentistry.

10
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APPENDIX 1 ASSESSMENT OF IMAGES ON ORAL RAPIOGRAPHS — CRITERIA FOR EVALUATION
T8 1 DIPX SHBRRIZ & 5 E{R ORIl — Rk HE

CROWN 1A Enamel planes 1A x5+ 4L
REGION 1B Enamel-dentin junctions 1B =40  BERHRY
i Mesial surface restorative material borders & planes FURINTTRESTR RO N+ P AT ]
2A  Space between restorations 2A fe T bR o> BB
2B Low-high density margins of gingival restorations 2B @i b+ 00 1830 12 £ 1F & B FE O 5 0
3A  Border between gingival restoration & enamel 3A  BEYEM L AN EDOEER
3B Border between gingival restoration & dentin 3B HEMESHERSF N LEOHR
Penetrations in 3rd molar: QOcclusal surface-center pitin &% 3 FIM D Z2 {1« 0 {5 i HhL 50 o0 1] &
4A  Enamel 4A T+ AN
4B Dentin 4B QFET
Distal surface 3 {37 [
5A  Occlusal penetration outline in enamel 54 T FANLIIHETIEGELOEI
5B Gingival penetration outline in dentin 5B BTt 5 BRI Lo 856
ROOT-PULP- 6 Pulp chamber planes & borders 6 BEEMH AR UHER
BONE 7 Root canal 7 M
REGION 8  Colarea®™ 8  Col %
b — 9 Periodontal membrane (PDM)-lamina dura 9 HiEpE (PDM) &5
0 Trabeculae 10 Ak
11 PDM (apical curve) 11 PDM (iR ZHi#)

11
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APPENDIX 2 ASSESSMENT OF IMAGES ON ORAL RADIOGRAPHS — CRITERIA FOR EVALUATION

P X AR A% (o & 2 E R o M — SRk

Observer
B
Institution
ArRAN
Address Date
Rzt  FAB:
415167 101112131415\——6566676869707112
CROWN REGION

1A Enamel planes
1B Enamel-dentin junctions

Mesial surface restorative material
borders & planes
2A Space between restorations

2B Low-high density margins
of gingival restorations

3A Border between gingival
restoration & enamel

3B Border between gingival
restoration & dentin

Penetrations in 3rd molar:
Qcclusal surface-center pitin
4A Enamel

4B Dentin

Distal surface
SA  Occlusal penetration
outline in enamel

5B Gingival penetration
ontline in dentin

ROOT-PULP-BONE REGION
6  Pulp chamber planes
& borders

7  Root canal

8 Colarea

9  PDM-lamina dura

10 Trabeculas

11  PDM (apical curve}

Diagnostically II[ Excellent
BEEOHE Rz

[ﬂ Satisfactory
ks

Please indicate: (1) Before you fill in the above form your choice of contrast by film numbers:
W& FREXADLARI, HEEHFrFALOEISRAEBILOD

FAMLAHFRELEALTTFaw.
(a)  Atabout 70-75 ¢m distance  FEMEHT0— TS DBS

) Close-up, using magnifying lens  Hi ksh% M 88

{2)  After you fill in the above form your choice as the ideal film number:
LRERXNARAR, SAAFBEENLTAPALEILOORELRALTTEY:

12

E Unsatisfactory
THRE

Choice #4R
1st 2nd

1
— 1
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