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Dose Reduction by Direct-Digital Cephalometric Radiography

Heiko Visser, Priv Doz, Dipl Phys, Dr Med Dent?; Tina Rddig, Dr Med Dent®;
Klaus-Peter Hermann, Dipl Phys, Dr Rer Natc

Abstract: Patient radiation exposure was determined for conventional and direct-digital cephalometric
radiography. An anthropomorphic phantom was positioned to expose lateral cephal ographs from the pa-
tient’s left side. The conventional radiographs were exposed with a Siemens Orthophos C unit (77 kV, 14
mA, 0.5 s) and afilm-screen system of arelative speed of 400. The direct-digital radiographs were exposed
with a Siemens Orthophos DS Ceph (73 kV, 15 mA, 15.8 s). A set of 108 thermoluminescence detectors
(TLDs; Bicron STI/Harshaw, Solon, Ohio) was used for dose measurements. For each measurement, 84
TLDs were placed at the surface of the head and neck, as well as inside the phantom, at anatomically
relevant positions. The remaining detectors were employed for calibration purposes and quality control.
The highest absorbed doses were recorded for the conventional technique at the skin of the left parotid
region (132 wGy), in the left parotid gland (103 wGy), and in the ocular lens of the left eye (81 pnGy).
Digital cephalometry resulted in an absorbed dose about 2 times lower than the dose received by the
conventional technique. The effective doses had the same relation (conventional 2.3 wSv; digital 1.1 pSv).
The results demonstrate that direct-digital cephalometric radiography cuts the patient’s dose in half com-
pared with the conventional screen-film technique. Direct-digital cephalometry is more advantageous than
the conventional technique from the perspective of radiation protection. (Angle Orthod 2001;71:159-163.)
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INTRODUCTION

Digital imaging and image processing have a key posi-
tion in the future of dental radiography. The main advan-
tages of the digital systems are the immediate availability
of the image, the elimination of the chemical darkroom pro-
cess, and a reduced radiation dose. Image contrast, bright-
ness, magnification, and other features of the image can be
adjusted right to the user’s needs by digital image process-
ing. The measurement of distances and anglesisfacilitated.

Basic investigations into the diagnostic value of digital
cephalometric radiographs have been performed by severa
authors in the last decade. In all of these papers, the digital
cephalograms were obtained either by using storage phos-
phor plates from general radiology or by digitizing conven-
tional radiographs.
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In 1992, Calderazzi et al* used storage phosphor plates
to demonstrate that conventional and digital cephalometry
did not differ relative to bone structure representation. The
digital imaging technique provided better visualization of
soft tissue structures. In 1998, Geelen et al? found no clin-
icaly relevant differences in locating landmarks on con-
ventional and digital radiographs. Three research groups
showed independently that a dose reduction between 50%
and 75% is possible with storage phosphor plates®> De-
spite these encouraging results, storage phosphor plates
were not available in dentistry for a long time because of
high costs and protection by patent. In 1998, the ** DenOptix
combo,” ascanner for storage phosphor platesin the format
of cephalograms, was introduced (Gendex/Dentsply Inter-
national Inc., Haywood, Calif.).

In 1996, Forsyth et al®” mounted conventional radio-
graphs on a light box to capture the digital images by a
video camera connected to a computer. The resulting im-
ages had a resolution of 512 X 512 pixels, which was quite
low compared with today’s standards. They found that the
random error associated with angular or linear measure-
ments and landmark identification tended to be greater with
the digital images than with conventional radiographs. They
concluded that, for digital imaging of cephalometric radio-
graphs, a pixel matrix larger than 512 X 512 is required.
This requirement is easily met by scanning conventional
radiographs with modern image scanners, but the main ad-
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Conventional cephalography

Sensor

FIGURE 1. (a) Conventional lateral cephalography with film-screen
systems: the whole skull is pictured simultaneously with a pyramid-
shaped x-ray beam. The typical total exposure time for a sensitive
film-screen system is about 0.5 seconds. (b) Digital cephalography
with the slot technique: the skull is scanned in linear slices with a
fan-shaped x-ray beam. From the total height of the scanned dis-
tance (210 mm) and the height of the fan-shaped x-ray beam in the
plane of the sensor (3.6 mm), the ratio of the total to the effective
exposure time can be calculated: 210/3.6 = 58.3. Therefore, a time
of 15.8 seconds for acquisition of the digital image yields an effective
exposure time in each part of the skull of (15.8/58.3) = 0.27 sec-
onds.

vantages of direct-digital radiography, ie, time saving and
dose reduction, are lost.

In 1996, a device for direct-digital cephalometric radi-
ography was introduced by Sirona (formerly Siemens Den-
tal, Bensheim, Germany). This unit is equipped with a
charge-coupled device (CCD) sensor chip for image acqui-
sition and can be used for rotational panoramic radiography
and lateral cephalography as well. In the cephalographic
mode, the unit works with a narrow beam linear scanning
process called a “dot technique.’”” The patient’s head is
scanned in lines with aflat, fan-shaped x-ray beam. During
the scanning process, which takes about 15.8 seconds, the
patient must stay motionless. Figure 1 sketches the princi-
ples of both conventional cephalography and this kind of
slot-technique digital cephal ography.

Although the total exposure time for dot-technique di-
rect-digital cephalography is much longer than for conven-
tional radiography, a plain dose reduction is expected be-
cause of the greater sensitivity and the lower overall system
noise of the CCDs. At any given time during the scanning
process, only a small linear slice of the skull is exposed to
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the x-rays. Under the presumption that al other exposure
parameters are identical, a dose reduction by a factor of 2
can be expected for this type of digital radiographic device.
The theoretical estimation of dose reduction is compre-
hensive, but an experimental verification remains necessary.
As part of an extensive survey of patient exposure by dental
radiography, we have performed dose measurements on
conventional and direct-digital cephal ography.

MATERIALS AND METHODS
Cephalometric radiography

The conventional cephalometric radiographs were taken
with a Siemens Orthophos C (Sirona Dental, Bensheim,
Germany). A film-screen system of arelative speed of 400
(18 X 24 cm; Du Pont Cronex Ortho TG films and Cronex
Ortho Regular intensifying screens, Du Pont de Nemours,
France) was used. The exposure settings were 77 kV, 14
mA, and 0.5 seconds.

A Siemens Orthophos DS Ceph (Sirona Dental, Ben-
sheim, Germany) was employed for direct-digital cephal-
ography. This radiographic system uses a CCD sensor chip
as an image receptor. The resulting image has a pixel matrix
of 2052 X 2348. It requires about 4 MB on hard disk with-
out image compression. The exposure parameters for the
digital cephalographs were 73 kV, 15 mA, and 15.8 sec-
onds.

All radiographic examinations were performed at a fo-
cus-film distance of 150 cm, with the left side of the phan-
tom facing the tube. The phantom was positioned by means
of ear plugs. All radiologic examinations were performed
according to daily practice, ensuring an image quality ap-
propriate for al diagnostic needs.

Dosimetric phantom

We used an anthropomorphic head and neck phantom
especialy designed for dosimetry studies on dental radi-
ography. The phantom was developed and built at the Uni-
versity of Gottingen (Germany).2 It is made completely of
synthetic, tissue-equivalent materials by using a comput-
erized milling machine. The phantom consists of 48 trans-
verse sections, each 6 mm thick. All parts can be repro-
duced exactly and are interchangeable. The dosimetric
phantom is representative of the essential anatomical struc-
tures in the head and neck, including the eyes, salivary
glands, thyroid, calcified tissues, nasopharyngeal canal,
paranasal sinuses, and esophagus. It was evaluated in detail
and passed all tests with good results. Dosimetric data on
panoramic and intraoral radiography obtained with the new
phantom matched well with the data from a clinical dosi-
metric study. In comparison with an Alderson Rando phan-
tom, it proved to be superior in measurement accuracy and
handling.&-*°
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Dosimetry

The absorbed doses were measured by using a set of
108 individually calibrated thermoluminescence detectors
(TLD 100; LiF Mg, Ti; Bicron STI, Harshaw, Solon,
Ohio). The processing of the TLDs was identical to pre-
vious studies.®° The TLDs were packed in thin bags of
polyethylene to avoid contamination by dirt or humidity.
Each of the 28 packages contained 3 TLDs, and the pack-
ages were placed on the anthropomorphic phantom as fol-
lows: 9 packages were placed on the skin surface of the
head and neck, and 19 packages were placed inside the
phantom at anatomically defined positions that represented
radiosensitive tissues or organs. Twenty of the measuring
sites were symmetric, eg, left and right ocular lens. The
remaining TLDs were used for calibration purposes and
quality control. Each measurement was repeated at least
once.

The data from the respective radiographic procedures
were summed up. Minimum, maximum, median, arithmetic
mean, standard deviation, and coefficient of variation were
determined for all measuring positions. The arithmetic
means of the absorbed doses were used to calculate the
effective doses according to the International Commission
on Radiological Protection 60.%*

RESULTS

The absorbed doses at the sites under investigation are
summarized in Table 1. With both techniques, the highest
absorbed doses were recorded at the skin of the left parotid
region, at the left parotid gland, and at the skin below the
left eye. These measuring sites had the shortest distance to
the focal spot of the x-ray tube.

At the critical organs of the head and neck, the absorbed
dose from conventional radiography was approximately 2-
fold higher than for the digital radiographic unit. On the
side of the head directed toward the tube, we measured 81
vs 34 pnGy at the lens of the eye, 103 vs 45 pGy at the
parotid gland, 53 vs 34 wGy at the submandibular gland,
and 3 vs 2 nGy a the thyroid gland. Figure 2 shows a
direct comparison of the doses to the critical organs in
terms of median boxplots with arithmetic means. The ef-
fective doses were 2.3 nwSv for conventional and 1.1 pSv
for direct-digital cephalometric radiography.

We recorded distinctly higher exposures for the digita
device only at the skin of the nasion, philtrum, and labio-
mental sulcus. These measurement sites are located right in
the median line of the face. Small deviationsin positioning
the phantom can result either in direct irradiation of the
TLDs or in shielding effects by the phantom. It is likely
that minor positioning differences are the cause of the de-
viation in the measurement values in the median line of the
face. When both sides of the head are compared, the atten-
uation of the radiation by the tissue or the tissue-equivalent
phantom materials are evident. The absorbed doses were

TABLE 1. Absorbed Doses From Lateral Cephalography in nGy

Absorbed Dose, nGy

Conventional Digital
Organ/Measuring Position Cephalography Cephalography
Nasion (skin) 26 45
Pituitary gland 19 5
Ocular lens (facing the tube) 81 34
Ocular lens (facing the film/

sensor) 11 4
Infraorbital skin (facing the tube) 72 53
Infraorbital skin (facing the film/

sensor) 11 6
Maxillary sinus (facing the tube) 35 18
Maxillary sinus (facing the film/

sensor) 8 8
Philtrum (skin) 11 42
Parotid skin (facing the tube) 132 58
Parotid skin (facing the film/

Sensor) 4 2
Parotid gland (facing the tube) 103 45
Parotid gland (facing the film/

Sensor) 8 3
Premolar/maxilla (facing the tube) 65 36
Premolar/maxilla (facing the film/

Sensor) 16 11
Premolar/mandible (facing the

tube) 71 41
Premolar/mandible (facing the

film/sensor) 16 12
Mandibular angle (facing the tube) 64 30
Mandibular angle (facing the film/

Sensor) 8 9
Labiomental sulcus (skin) 9 41
Submandibular gland (facing the

tube) 53 34
Submandibular gland (facing the

film/sensor) 14 8
Third cervical vertebra 13 9
Neck (skin) 2 2
Spinal cord 3 1
Thyroid (skin) 4 4
Thyroid gland (facing the tube) 3 2

Thyroid gland (facing the film/
Sensor) 3
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FIGURE 2. Doses to the critical organs by conventional and direct-
digital cephalography at the side of the head facing the tube: median
boxplots and arithmetic means.
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TABLE 2. Dosimetric Data on Conventional Cephalography From the Literature and Results of This Study in Chronological Order.
Absorbed Dose, nGy
Lens of the Eye Parotid Gland Submandibular Gland Thyroid Gland
Facing Facing Aver- Facing Facing Aver- Facing Facing Aver- Facing Facing
Reference the Tube the Film age the Tube the Flm age the Tube the Film age the Tube the Film Average

Block et al*? — — — — — — — — — 170-850 60-230 —
Copley et al'® 320 80 — — — — — — — — — 40
Bankvall and Hakansson4 — — 160 — — — — — — — — 60
Eliasson et al* 57 25 — 157 46 — 89 41 — 6-123  4-89 —
Ewen and Lukoschek?® — — — — — — — — — — — 6
Patsakas et al” 170 170 — 900 630 — — — — 820 730 —
Tyndall® — — — — — — — — — — — 13-51
Tanimoto et al*® 102-147 30-42 — 473-484 30-37 — 66-132 61-100 — 46-420 28-190 —
Tsiklakis et al® 110 150 — 500 400 — — — — 350 370 —
Gilda and Mailliez — — — 113 9 — 126 19 — 4-57 0-26 —
Freeman and Brand?? — — 45 — — 56 — — 44 — — 35
Blanc et al® — — 700 — — — — — — — — 70
This study 81 11 46 103 8 56 53 14 34 3 3 3

about 9 times lower in the side of the head toward the film
than in the side toward the x-ray tube.

DISCUSSION

Our results with conventional cephalography are in
agreement with the dosimetric data from the recent litera-
ture, which are shown in Table 2. The fact that our data are
in the lowest range described so far can be explained with
the use of a sensitive film-screen system of arelative speed
of 400. The relations between the different measuring sites
are concurrent with the data published so far.

The measurements of the absorbed dose and the calcu-
lation of the effective doses demonstrate that direct-digital
cephal ography yields an average dose reduction by a factor
of 2. This corresponds closely with the theoretical estimate
of dose reduction: from the total height of the scanned area
(210 mm) and the height of the fan-shaped x-ray beam in
the plane of the sensor (3.6 mm), the ratio of the total to
the effective exposure time can be calculated: 210/3.6 =
58.3. Therefore, a total time of 15.8 seconds for digital
image acquisition is equivalent to an effective exposure
time (15.8/58.3 seconds) of 0.27 seconds for each point of
the head. Conventional cephal ography with a sensitive film-
screen system requires a typical exposure time of 0.5 sec-
onds for an adult person. Under the presumption that all
other exposure parameters are constant, the absorbed dose
is proportional to the effective exposure time. Thus, the
theoretical estimation yields a dose reduction by a factor of
2. In clinical practice, the relatively long exposure time of
15.8 seconds for the direct-digital cephalographs causes no
problems; blurred exposures are rare.

The inevitable exposure to ionizing radiation from nat-
ural and man-made sources is about 4 mSv/y.2 Compared
with this, the effective dose by lateral cephalometric radio-
graphs in the range of 1-2 wSv is small. Nevertheless, the
radiological ALARA principle (as low as reasonably
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achievable) should aways be kept in mind. The sensitivity
to radiation detriment is age dependent. Children and ad-
olescents have a much higher risk than adults. This is il-
lustrated in a dramatic manner by the follow-up data from
2 incidents in the early years of therapeutic x-ray use. In
the years between 1949 and 1960, about 10,000 children in
Israel were exposed to intensive x-rays for treatment of tin-
ea capitis, a disease of the scalp. In Rochester, NY, about
2600 children were irradiated for treatment of thymic en-
largement. Both groups had a significantly higher rate of
malignant as well as benign head and neck tumors com-
pared with control groups.?2 Many other studies, such as
the follow-up of Hiroshima, the case-control studies on thy-
roid or parotid cancer, or the Beaver Dam eye study indicate
that radiation protection is clearly an important issue.81-25-27
Even with a high level of radiation protection, further tech-
nical achievements for dose reduction in cephalography,
such as storage phosphor plates or direct-digital radiogra-
phy, are appropriate.

SUMMARY

The use of direct-digital cephalometry can reduce patient
exposure by afactor of 2 when compared with conventional
technique with a film-screen combination of a relative
speed of 400. From a radiation protection point of view,
direct-digital cephalography is superior to conventional ra-
diography.
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