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ABSTRACT

Effective Dose of Positioning Scans for Five CBCT Devices

Stona R. Jackson

Objective: While three-dimensional radiographs are commonly used in dentistry and
prior work has focused on the effective dose of Cone Beam Computed Tomography
(CBCT), little is known about the dose or frequency of use of the preliminary scans used
to position patients prior to a full scan. Methods: Positioning scan effective dose was
measured with metal-oxide—semiconductor field-effect transistor (MOSFET) dosimeters
for five CBCT devices in a postgraduate dental clinic. Additionally, log files from 2013-
2015 were examined to obtain information on the clinical use of preview scans for the
two highest dose devices. Results: Highest effective doses were observed for the 3D
Accuitomo 170 (8 x 8 cm?, 45 uSv). Further, an average of 3.3 and 1.3 previews were
required to position patients for the i-CAT and Accuitomo devices, respectively.
Conclusion: Positioning scans deliver a range of effective doses between <1 uSv and
45 pSv (equivalent to a panoramic radiograph), depending on the device and the field of
view setting. These findings demonstrate the variability of dose across CBCT devices
and emphasize the importance of careful and conservative use of preview scans in

patient examinations.
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Chapter 1. INTRODUCTION

1.1 RATIONALE

True three-dimensional imaging, in the form of Cone-Beam Computed Tomography
(CBCT), is frequently used for diagnosis in dental and orthodontic treatment planning.
This form of imaging results in increased radiation dose compared to conventional lateral
cephalometric radiographs; as such, many exposures to this type of radiation may
contribute to cancer in sensitive tissues included in the field of view (e.g., bone marrow,
salivary glands, thyroid). In order to reduce patient exposure, lower power preview
scans are typically used to identify the region of interest and properly position patients in
the device. However, the amount of radiation that results from preview scans, as well as
their frequency of use in clinical settings, is not well known. An understanding of the
quantity of preview scans typically administered to patients prior to the diagnostic scan
as well as disclosure of the effective dose associated with these scans will allow for
better estimates of risk to patients. Given that the acquisition of previews and scans is
routinely delegated to dental technicians, these findings may also potentially inform

clinical practice and training procedures.

1.2  EFFECTIVE DOSE: SOURCES AND DEFINITIONS

Due to the heterogeneous nature of the human body, both in terms of density and
potential for harmful transformation, several methods are used to measure radiation
dose. Exposure is a measure of radiation quantity produced by a radiation source and is
expressed in units of absorbed dose, Gray (1 Gy = 100 rad = 1 joule/kilogram).
Absorbed dose is a measure of the energy absorbed per unit mass of any type of matter.

Given that many tissue types comprise the human body, equivalent dose is used to
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compare the biologic effects of different types of radiation on specific tissue or organs. It
is computed by taking the weighted average of absorbed dose for a tissue or object.
The weighting factor is dependent on the type and energy of the radiation involved and
is expressed in units of Sievert (1 Sv = 100 rem). Thus effective dose (ED) is used to
estimate the risk in humans and is the weighted average of the equivalent dose to each
organ or tissue, based on each tissue’s likelihood of damage and eventual
transformation. This is also expressed in units of Sievert, or more commonly for CBCT,
microsievert (USv).

In addition to medical radiation directly caused by imaging techniques, patients
are exposed to constant background radiation from well-measured cosmic and terrestrial
sources. Cosmic radiation is dependent on elevation and latitude; while it measures
about 240 uSv per year at sea level, radiation levels double for every 2000 m of
elevation and increases substantially near the Earth’s poles due to deflection by the
Earth’s magnetic field. For example, long flights by airplane incur an increased dose
because of increased altitude and a five-hour flight is the equivalent of a year of cosmic
radiation at sea level (White 2009). By far, the largest contributor to background
radiation is terrestrial; Radon, a decay product of Uranium, exists as a trace contaminant
in water and soil and accounts for over half of the yearly background dose (2000 uSv).
In total, all background radiation experienced by the average inhabitant in the United
States from natural sources measures around 3000 uSv.

The International Commission on Radiological Protection (ICRP) provides
weighting factors for various anatomic sites in order to determine the effective dose of
radiation on the human body from different sources. These data are based on
epidemiologic findings of radiation exposure levels and incidences of tissue cancer

across populations. The most recent recommendations from 2007 are included in Table
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1.1. Relevant remainder tissues include extrathoracic airway tissue, lymphatic nodes,

and oral mucosa.

Table 1.1. ICRP 2007 recommended tissue weighting factors.
Tissue weighting Sum of weighting

Tissue
factor factors
Bone-marrow, golon, .Iung, stomach, 0.12 0.72
breast, remainder tissues
Gonads 0.08 0.08
Bladder, esophagus, liver thyroid 0.04 0.16
Bone surface, brain, salivary glands, skin 0.01 0.04
Total 1.00

1.3  MEASURING EFFECTIVE DOSE

In order to assess effective dose of medical radiation sources, an artificial stand-in for a
human (called a “phantom”) simulates tissue densities with holes for sensors in areas of
sensitive tissues. The effective dose is calculated by multiplying the exposure of each
sensor (usually 20-40 placed in relevant sensitive tissues) by each tissue weighting

factor and summing across all sensors:

> WrHr (1.1)

W+ = tissue weighting factor

Hr = weighted tissue dose
While computational methods may be used to approximate this method, phantom
measurements represent the standard for obtaining information on effective dose (Dixon

2010).

Various sensors have been used in anthropomorphic (human-shaped) and
acrylic phantoms to measure effective dose; historically, the most popular is the
thermoluminescent dosemeter (TLD). Although these sensors are relatively inexpensive

and reusable, they require extensive thermocycling to initialize as well as a separate
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reading apparatus to record measured dose (Qu 2010). TLDs offer advantages in terms
of sensitivity, as they accurately accumulate dose over time such that even very low
exposures can be measured given an adequate number of scans. In general, TLDs
require doses above a threshold of 10,000 uGy (Schieck 2010). More recent sensor
technology utilizes metal-oxide semiconductor field-effect transistors (MOSFET) that
allow for the real-time measurement of radiation exposure with accuracy comparable to
TLDs (Koivisto 2013). These commercially available dosimeters show low radiographic
profile and demonstrate sensitivity at doses as low as 100 uGy, but exposure-specific
calibration and beam-angle dependence may encumber their ease of use (Cheung
2009, Manninen 2014).

To allow for different examinations and imaging resolutions, CBCT
manufacturers offer variable beam parameters (kV, mA) and field of view (FOV) settings.
Previous studies have measured the effective dose of nearly all devices and FOVs using
TLDs embedded in anthropomorphic phantoms (Bornstein 2014). Taken together, their
findings suggest that the same FOV results in a ten-fold difference in effective dose
between manufacturers, with child-sized phantoms showing even greater doses when
subjected to large volume scans due to increased proximity of a child’s thyroid gland to
the center of the beam (Qu 2012) (Table 1.2). Although reducing the FOV and
resolution to the minimum required for diagnostic purposes reduces the effective dose of
the examination, the use of conservative settings may require extra technician training;
further, it has been shown that higher doses reduce noise and improve image quality
(Ludlow 2006).

Few comprehensive studies have used MOSFET dosimeters, due to the cost of
the system and delayed adoption of the newer technology. To our knowledge, no
previous studies have evaluated the effective dose of the preview scans used to position

patients. In fact, most studies tend to include one preview scan with the dose from each
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diagnostic scan with the assumption that a single preview scan is typically taken prior to

the full scan in clinical settings, resulting in a “small” extra dose (Ludlow 2013).

Table 1.2. Effective doses from imaging (from Bornstein 2014).
Effective dose

Exam (LSv) Study
15 x 11 cm? Panoramic 10 Silva 2008
18 x 15 cm? Cephalometric 10 Silva 2008
16 x 13 cm2iCAT Next Gen o7 (adul Ludlow 2008, Theodorakou 2012
134 (10 year old)
23 x 17 cm? i-CAT Next Gen  74-78 Ludlow 2008, Davies 2012
20 x 20 cm? CB Mercuray 1073 Ludlow 2008
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Chapter 2. OBJECTIVES

2.1 STtupy AiMS
This study aimed to measure the effective dose of positioning/preview scans for five

CBCT devices used in dentistry.

2.2  STUDY HYPOTHESES
The effective dose from CBCT preview scans are measurable and contribute

significantly to the total dose received by patients from the imaging process.

2.3 NULL HYPOTHESES
Effective dose from CBCT preview scans will not be measurable or contribute
meaningfully to the total dose received from imaging (with any reasonable number of

previews).

18



Chapter 3. MATERIALS AND METHODS

3.1 EXPERIMENTAL DESIGN

3.1.1 Dose Phantom

A radiation analog dosimetry phantom (RANDO) was used to obtain effective dose
measurements. This phantom is constructed from tissue equivalent skull materials
surrounded by appropriate tissue equivalent structures. There are ten axial layers with a

grid of holes for the placement of dosimeters or tissue-equivalent plugs.

3.1.2 Dosimeters

The mobileMOSFET system uses metal-oxide semiconductor field-effect transistor
(MOSFET) dosimeter technology. The setup includes five readers (mobileMOSFET,
Model TN-RD-16, Best Medical Canada, Ottawa, ON, Canada) with five micro MOSFET
dosimeters each (microMOSFET, Model TN-1002RDM-H, Best Medical Canada,
Ottawa, ON, Canada), for a total of 25 observation points. The dosimeters and readers
connect wirelessly to a laptop via a Bluetooth™ transceiver. After the dosimeters are
initialized, the dose is accumulated in the dosimeter as a voltage differential and read
immediately following the completion of the desired number of scans.

The MOSFET sensors translate a voltage difference to an absorbed dose using a
conversion factor measured semi-annually by Medical Physics staff for each sensor and
reader assembly. Conversion factors for the current study were determined by
irradiating the dosimeters at 80 kVp, 200 mAs, and 40 cm? using a calibrated source (Xi,
Model 8201023-D, Unfors Raysafe, Billdal, Sweden) and were based on the following

equation:

CF = mV/Gy (3.1)
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Where CF is the conversion factor to be measured, mV is the voltage difference
measured in the dosimeter, and Gy is the standardized dose absorbed from the
standard source. Dosimeters were placed in the axial layers and sensitive tissue areas
described previously (Ludlow 2008).

Effective dose, expressed in uSv, was calculated using equation 1.1. Tissue
weighting factors (Wr) and fractions irradiated (Table 3.1) were based on ICRP
recommendations (Valentine, 2007) and the work of Roberts (2009).

Table 3.1. Phantom slices, tissues, and sensor locations.
Organ Wr Locations (number of sensors) Level

Calavarium anterior/left/posterior (3) 2

Bone marrow 0.12 ; . .
Bone surface 0.01 Cerwgal spine, mandible ramus (3) 6
’ Mandible body (2) 7
. Mid brain (1) 2
Brain 0.01 Pituitary fossa (1) 3
Eyes Orbits, lenses of eye (4) 4
. Parotid gland (2) 6
Salivary glands  0.01 Submandibular/sublingual glands (3) 7
Thyroid 0.04 Thyroid surface/midline (2) 9
. Right cheek (1) 5
Skin 0.01 | et back of neck (1) 7
Esophagus 0.04 Pharyngeal-esophageal space (1) 9

. extrathoracic airway tissue, lymphatic nodes,
Remainder 0.12

and oral mucosa

3.1.3 CBCT Scanners

The phantom was positioned, exposed to 50 preview scans, and the effective dose
measured for each of the devices and FOVs studied (Table 3.2). Next, while
maintaining the position of the phantom, a full three-dimensional scan and exposure
reading were taken. Standard cephalometric and panoramic radiographs were also

measured as a basis for comparison using 50 and five exposures, respectively.
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Table 3.2. Devices and settings.

Device (cnlw:s()\ém) kV mA Erens
Accuitomo 170 8x8 a0 7 17.5
Accuitomo 170 6x6 90 6 17.5
Accuitomo 170 4x4 a0 6 17.5
Planmeca Promax 3D 23 x16 96 11 9
Carestream 9300 17 x13.5 a0 4 11.3
i-CAT Next Generation 23 x17 90 7 17.8

3.2 DeviCE LoG FILES

In order to conveniently store acquisition data, CBCT devices interface with a nearby
personal computer through a serial data port. Detailed logs of events (e.g., preview and
full scans) are automatically generated by the software for troubleshooting purposes and
written to timestamped files. Given earlier findings demonstrating that preview scans
taken by i-CAT and Accuitomo devices exhibit the highest effective doses of the five
examined, efforts were focused on obtaining historical preview/full scan data from the

corresponding software.

3.2.1 i-CAT Log Files

Careful examination of the file structure written to disk by i-CAT software revealed text
files with the following pathnames:
C:\Program Files\Imaging Sciences International\iCAT Software\
ISIApplication_MMDDYYYY.log.
The i-CAT software generates time-stamped text files devoid of identifying patient data
and records all user actions. Log files from March 2013 to February 2015 were gathered
for inclusion in the study sample. These files were filtered with search strings in order to

identify preview scans, full scans, and field of view information recorded over the past
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two years, comprising over 4000 events. The example log file shown in Figure 3.1

records the user executing two 23 x 17 cm? previews and full scan for patient #1992.

1992 09/24/2014 13:27:39.015 WARNING | CT PREVIEW CONFIRMED******

1992 09/24/2014 13:27:39.015 INFO | PhysicalCube (x,y,z) = 230,230,170
1992 09/24/2014 13:27:59.812 WARNING | CT PREVIEW CONFIRMED******

1992 09/24/2014 13:27:59.812 INFO | PhysicalCube (x,y,z) = 230,230,170
1992 09/24/2014 13:28:26.109 CCTDIg::0OnBnClickedButtonCapture: start
1992 09/24/2014 13:28:31.796 WARNING | CT SCAN CONFIRMED********x*

1992 09/24/2014 13:28:31.796 INFO | PhysicalCube (x,y,z) = 230,230,170

Figure 3.1. Example of log file text generated for two previews and a full scan for patient
1992 on 24 September 2014.

3.2.2 Accuitomo Log Files

The file structure of the Accuitomo software proved to be far more complex, with several
drives and countless inscrutable text log files. Although patient data could be sorted
easily within the software, these data could not be exported and the database resided on
a standalone computer in the endodontic department. After many failed attempts to sort
the text files and find relevant events, a time-stamped file structure was found within a
server drive containing images for previews and full scans in Joint Photographic Experts
Group (.jpg) format and proprietary packaged (.pak) files (Figure 3.2). The .jpg files
represented the “thumbnail” images generated by the software to display patient images
on a single page. As a result, their file sizes were small enough to be exported easily for
use in the current study, while still detailed enough to allow for visual examination and
removal of non-relevant scans (e.g. CBCT images of models and splints). A month’s
worth of historical data were obtained and successfully matched to the device’'s
proprietary viewing software. This confirmed that the thumbnail images represented a
complete history of the device starting in 2011.

During acquisition of experimental data, it was observed that there were only two
sizes of preview across the three device settings: one large size for the 8 x 8 cm? FOV

and one medium size for the 6 x 6 cm? or 4 x 4 cm? FOV. Subsequent review of preview
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images in the database revealed only two thumbnail image resolutions: 422 x 224 pixels
and 422 x 185 pixels. The Accuitomo device does not directly store the machine
settings for saved preview images, but by comparing these data to experimental data
gathered previously, it was determined that the two thumbnail sizes corresponded in all
cases to the large (8 x 8 cm?) and medium (6 x 6 cm?, 4 x 4 cm?) preview sizes,

respectively.

4

il cT_02
v [ Series_01

M 40Thumbnail.jpg

M CT_01_20150320085638500.pak
i cT_03
v [ Series_01

B 40Thumbnail.jpg

M CT_01_20150320085502078.pak
L CcT_o04
v [ Series_01

B 60Thumbnail.jpg

M CT_01_20150320085252875.pak
v [ CT-Scout_01

v [ Series_01

20150320083129031.jpg
20150320083314156.jpg
20150320083452968.jpg
20150320083750203.jpg
20150320084219625.jpg
20150320084610828.jpg

Figure 3.2. Three full scans and six scout images taken for one patient between 0831
and 0856 on 20 March 2015. Note: Timestamp format: YYYYMMDDHHHH.

4

4
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3.3 FIGURES OF MATERIALS AND METHODS

_

Figure 3.3. RANDO Phantom.

D A o 0 AL N .
Figure 3.4. i-CAT Next Generation imaging setup.
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Figure 3.6. Accuitomo 170 imaging setup.
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Figure 3.8. Carestream 9360 im_aging setup.
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Figure 3.10. Planmeca Promax 3D imaging setup.
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Figure 3.12. i-CAT FLX 3D sample preview
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Chapter 4. RESULTS

4.1 PREVIEW AND FuLL ScAN EFFECTIVE DOSE

Effective doses for a single full CBCT scan from the Accuitomo, Planmeca, Carestream,
and i-CAT devices were calculated using Equation 1.1 and absorbed dose
measurements obtained with MOSFET dosimeters (Figure 4.1). In order to accurately
measure the effective dose of a single exposure to a lower power preview/positioning
scan given limitations in dosimeter sensitivity, effective doses of a total 50 consecutive
scans with each device were measured, and then divided by 50 to arrive at an average

for a single scan (Figure 4.2).

623

527
496

100 S USRS
227 245

i-CAT NG i-CAT FLX Carestream Planmeca Accuitomo
23x17 23x17 17x13.5 23x16 8x8
Device and FOV

Figure 4.1. Full scan effective doses by device and field of view specification.
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Figure 4.2. Preview scan effective doses by device and field of view specification.

4.2  EFFeCTIVE DOSEsS COMPARED TO STANDARD CEPHALOMETRIC AND
PANORAMIC RADIOGRAPHS
Effective dose of a single exposure to a standard cephalometric or panoramic
radiograph were calculated by collecting a total of five panoramic and 50 cephalometric

radiographs, respectively, and dividing the total dose by the exposure count (Figure 4.3).
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Figure 4.3. Effective doses of Planmeca standard cephalometric and panoramic
radiographs versus Accuitomo 8 x 8 cm? preview radiograph.
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In order to better qualify the effective doses of the preview scans in a clinically relevant
way, values were compared to the dose of a single standard cephalometric image. The
scale was adjusted in order to better display the doses of the lower dose devices and

fields of view (Figure 4.4).

20.45 20.09

0.85

odvhromoOoNMrD®O

Effective Dose (uSv)
OO0 O0O 222N

Device and FOV
Figure 4.4. Preview scan data and panoramic radiograph effective doses relative to a

single standard cephalometric radiograph. Note: The effective doses displayed for the
panoramic and Accumoto 8 x 8 cm? are not to scale.

4.2.1 Counting i-CAT Previews Per Full Scan

Log files were combined and sorted to isolate preview/full scan actions in chronological
order with FOV and non-identifying patient number. The number of previews between
each full scan was counted and a histogram was constructed illustrating the frequency of
exams binned by number of previews (Figure 4.5). In order to reset the scale, a
separate histogram was used to display the frequency of events with greater than seven
previews per full scan (Figure 4.6). The average number of previews per full scan was

3.3 for all events over the two-year period.
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Figure 4.5. Frequency counts for 1-7 previews per full 23 x 17 cm? i-CAT CBCT.
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Figure 4.6. Frequency counts for 8+ previews per full 23 x 17 cm? i-CAT CBCT.

4.2.2 Counting Accuitomo Previews Per Full Scan

The .jpg and .pak image files corresponding to previews and full scans were compiled

from the Accuitomo database and viewed. Images with non-patient data (e.g., models
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and stents or saved two-dimensional slices from the CBCT) were removed from the
study sample. Remaining filenames were sorted by time stamp to list preview and full
scan actions in chronological order (Figure 4.7). Previews between each full scan were
tallied and separate histograms were constructed to display events with (a) three or
fewer previews (Figure 4.8) and (b) greater than three previews (Figure 4.9) in order to
facilitate interpretability. It was noted that consecutive full scans were occasionally taken

for each patient and these events were counted in the same way (Figure 4.10).

422x185  20141112095938437.jpg SCOuUT 453980479
422x185  20141112100125718.jpg SCOUT 453980479
422x185  20141112100403781.jpg SCOuUT 453980479
422x185  20141112100738062.jpg SCOUT 453980479
422x185  20141112100912125.jpg SCOuUT 453980479
422x185  20141112101805812. jpg SCOUT 453980479
422x185  20141112101936343.jpg SCOuUT 453980479
422x185  20141112102046937.jpg SCOUT 453980479

20141112102637750. pak FULL 453980479

Figure 4.7. Example Accuitomo log data for patient #453980479 receiving 8 previews
and a CBCT (either 6 x 6 cm? or 4 x 4 cm?).
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Figure 4.8. Frequency counts for 1-3 previews per full Accuitomo CBCT.
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Figure 4.9. Frequency counts for 4+ previews per full Accuitomo CBCT.
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Figure 4.10. Frequency counts for number of full Accuitomo CBCT scans per patient, all
fields of view.
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Chapter 5. DiscussION

Because of the simplicity of a single exposure for all radiographic treatment planning
needs, CBCT devices are becoming more common for diagnosis in orthodontics and
dentistry in general. Findings from previous work (White 2009, Bornstein 2014) indicate
the dosage of radiation from this technology is low compared to medical computed
tomography (CT) and unavoidable yearly doses of background radiation. Despite these
reassurances, sensitive tissues still absorb high-energy radiation, incurring risk for
transformation with each exposure. This research contributes to the field by quantifying
the effective dose from preview/positioning scans, thereby more accurately estimating
the dose of a full patient exam. Clinically, these findings have the potential to stimulate
discussion regarding the marginal utility of repeated preview scans, shape clinical
examination procedures, and improve fraining for the dental technicians who are

routinely tasked with obtaining these images.

5.1 EFFeCTIVE DoOSE oF CBCT FULL SCANS

The effective doses of the CBCT devices and fields of view measured in this study were
consistently higher than those measured previously using TLD sensors. This is likely
due to the MOSFET dosimeters used in this study, as findings from other work utilizing
this newer technology also indicate higher dose measurements compared to TLD
dosimeters (Table 5.1).

Because effective dose is a weighted average of absorbed radiation to different
tissues, small differences in positioning or size of subject can move sensitive tissues in
or out of the center of the conical beam and cause variability in recorded values,
providing some explanation for discrepant findings. Previous studies have established

the relative invariability of measuring effective dose in a stationary phantom (Ludlow
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2006), and nearly all previous studies expose only a single full CBCT to measure
effective dose.

In order to reduce measurement error due to positioning, all data in the current
study were gathered from a given device in a given field of view without moving the
phantom. Background radiation was estimated via a ten-minute acquisition run with the
device off and found to be quite low (<15 pSv). In order to examine the reproducibility of
effective dose findings, two runs of 50 previews were acquired and compared (Figure
5.1). While absorbed dose measurements varied significantly between runs (up to 60%

change at the anterior calavarium), the overall effective dose only differed by around 1%.

Table 5.1. Effective doses (ED) from two runs using the Accuitomo device.

Tissue Run 1 Abs Dose Run 2 Abs Dose %
(cGy) (cGy) Difference
Esophagus 0.24 0.26 11.06
Thyroid surface left 0.28 0.25 -11.19
Midline thyroid 0.42 0.37 -11.16
Center sublingual gland 1.25 1.19 -4.74
Left submandibular gland 2.87 2.97 3.64
Right submandibular gland 3.57 3.51 -1.81
Left mandibular body 2.16 2.37 9.89
Right mandibular body 3.62 3.57 -1.41
Center cervical spine 0.33 0.39 16.13
Left ramus 1.36 1.5 10.15
Right ramus 0.4 0.41 1.7
Left parotid 0.49 0.48 -0.9
Right parotid 0.55 0.54 -0.99
Left back of neck 4.03 3.92 -2.72
Right cheek 3.47 3.42 -1.38
Left lens of eye 0.16 0.14 -13.37
Right lens of eye 0.3 0.29 -4.8
Left orbit 0.08 0.08 -0.75
Right orbit 0.13 0.12 -8.05
Pituitary 0.08 0.09 14.18
Midbrain 0.06 0.06 6.23
Calvarium anterior 0.03 0.05 60.32
Calvarium left 0.04 0.03 -27.66
Calvarium right 0.04 0.05 21.02
Calvarium posterior 0.06 0.03 -46.21
Average dosimeter 1.04 1.04 0.3
Effective Dose 1436.78 1452.16 1.07

36



This is due to the nature of the effective dose calculation: large differences measured at
sensors detecting low absorbed dose and within low weighted tissues have little effect

on the formula’s (1.1) result.

389.26 382.50

14.36

. . D ——

Acc 4x4 preview Acc 4x4 preview repeat Background
Instruments and Fields of View

Figure 5.1. Accuitomo 50 preview exposure runs repeated and compared to background
measurement.

5.2 EFFECTIVE DOSE oF CBCT PREVIEW SCANS

In order to accumulate enough absorbed radiation to obtain measurements at the
deepest sites in the phantom, the phantom was exposed to 50 previews using each
device and FOV. In general, the data suggested that effective doses resulting from
preview scans were low (<2 pSv) and contributed <1% to the total dose from a CBCT
exam (Figure 4.1 and Figure 4.2).

However, the notable exception was the 8 x 8 cm? field of view preview for the
3D Accuitomo 170. The Accuitomo was unique among the devices in this study
because its preview includes exposures and images from two angles: right lateral and
anterior (Figure 3.5). This feature of the device was shown to provide over five times the
dose to sensors in sensitive regions of salivary tissue and bone marrow (compared to

other preview exposures) resulting in a much higher than anticipated effective dose

37



(Table 5.2). These findings suggest that preview scans using the Accuitomo expose
patients to an effective dose equivalent to a panoramic radiograph or twenty standard
cephalometric radiographs. However, the extra information from the dual images or the
extra contrast provided by the higher dose previews likely contributes to fewer previews
taken per patient; while 90% of i-CAT CBCT historical exams were observed to include
more than one preview, only 20% of Accuitomo CBCT exams utilized multiple previews
(Figure 4.5 and Figure 4.8).

Table 5.2. Comparison of effective dose to individual tissues in Accuitomo previews, 50
exposures at each field of view.

ED
5 (MSV) N
. ccuitomo ccuitomo
Major Organ WT 8 x 8 cm? preview 4 x 4 cm? preview
Bone marrow 0.12 1176.70 153.35
Thyroid 0.04 66.80 17.98
Esophagus 0.04 10.28 2.44
Skin 0.01 4.91 0.98
Bone surface 0.01 98.06 12.78
Salivary glands 0.01 512.30 65.20
Brain 0.01 12.66 3.70
Remainder 0.12 368.99 60.38
Effective Dose 2250.69 316.80

5.2.1 i-CAT Previews Per Full CBCT Scan

The dose of a radiographic exam is the effective dose of the full CBCT scan plus all
previews required to position the patient. Based on data gathered from the i-CAT log
files from March 2013 to February 2015, technicians using the i-CAT device required an
average of 3.3 previews to position the patient for the largest full scan. When the less
common smaller FOVs were considered for this device, an average of 3.0 previews were
required per full scan (Table 5.3). Conventional wisdom suggests that preview scans
expose patients to a nominal level of radiation. Results from the current study suggest
that the effective dose contributed by an average of three preview exposures is <3% of

the effective dose of the exam (Figure 4.1 and Figure 4.2). Thus, a total of 12 previews
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would be needed to contribute to 10% to the total effective dose of the exam; of the over
1040 historical examinations surveyed, this occurred for only three exams (Figure 4.5
and Figure 4.6). However, one patient received 26 previews and two full scans over 17
minutes, so higher preview counts do happen occasionally (Figure 5.2), although the

cause of such excessive scans is unknown.

Table 5.3. Previews per full scan for different devices and fields of view.

Devi FOV Previews per Number of
evice 5 .
(cm?) full scan preview scans
i-CAT Next Generation  Largest only (23 x 17) 3.25 3397
: . All but largest (16 x 13, 16 x 10,
i-CAT Next Generation 16x 8, 16 X 6, 8 x 8) 2.98 253
3D Accuitomo 170 Large only (8 x 8) 1.88 308
3D Accuitomo 170 All (8 x8,6x6,4x4) 1.30 2471
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F|gure 5 2 Collage of i-CAT images of a single patient who received two full scans and
26 previews over 17 minutes.

5.2.2 Accuitomo Previews Per Full CBCT Scan

The Accuitomo software does not store FOV data in either thumbnail images or

navigation software; therefore, the size of FOV was inferred based on the resolution of
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the image, a relationship confirmed by comparing the server database images to
experimental data of known FOV. This relationship was true for the preview
exposures/images, but the full scan FOV data was inferred from the preview dimensions.
Given that there are only two sizes of preview for the three full scan dimensions, it was
not possible to separate the 6 x 6 cm? from the 4 x 4 cm? data. It is certainly possible
that one could take a preview of a given size and then a full scan of another size, and
this would go undetected. However, the device also requires a full patient repositioning
if the technician attempts to switch between the largest field of view (8 x 8 cm?) and
either of the smaller fields of view (6 x 6 cm?, 4 x 4 cm?), so switching FOVs between
previews full scan must be rare.

Between January 2012 and April 2015, technicians using the Accuitomo device
required only 1.3 previews to position the patient for a full scan. When the larger 8 x 8
cm? FOV was separated from the data, it was observed that 1.8 previews were required
to position the patient. However, large FOV scans represented only 11% of previews
taken on the device in this three-year period (Table 5.3).

Because all images were inspected visually, it became apparent that some
patients received multiple full scans as well as multiple previews, and these events were
counted as well for the Accuitomo device (Figure 5.). Two or more consecutive full

scans were acquired only 60 times on the Accuitomo device (<4% of the exams).
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Figure 5.3. Collage of Accuitomo images of a single patient who received three full
scans and eight previews over 21 minutes.
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Chapter 6. STUDY CONCLUSIONS

1.

Using the MobileMOSFET system, preview scans for all five devices selected are
measurable above background noise and contribute between <1% and 7.2% to the

total imaging dose per preview.

The Accuitomo device delivered higher doses for both full and preview scans than
other devices, with the 8 x 8 cm? preview scan resulting in effective doses measuring
as high as 45 uSv (equivalent to twenty standard cephalometric radiographs or one

panoramic radiograph).

The Accuitomo device displays both lateral and frontal previews and requires around
a third of the number of preview scans to position the patient compared to the i-CAT

device, which uses only a lateral preview.

Despite training and experience, dental technicians occasionally expose patients to

higher than expected doses of radiation for CBCT exams. This effect is magnified by

devices with higher dose preview and full scans.
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APPENDICES

Appendix A. Raw MOSFET measurements and effective dose calculations

Table A.1. Accumoto full scan 8 x 8 cm?Z.

. Voltage Dose .
Dosimeter (mVQ; (Gy) Tissue
1 #1-1: 5.1 0.00112 Esophagus
2 #1-2: 3.29 8.34E-04 Left thyroid surface
3 #1-3: 3.28 8.04E-04 Midline thyroid
4 #1-4: 34.54 0.00768 Center sublingual gland
5 #1-5: 51.11 0.0119 Left submandibular gland
6 #2-1: 55.73 0.011 Right submandibular gland
7 #2-2: 20.32 0.00439 Left mandible body
8 #2-3: 19.38 0.00408 Right mandible body
9 #2-4: 17.38 0.00421 Center cervical spine
10  #2-5: 16.96 0.00417 Left ramus
11 #3-1: 21.01 0.00431 Right ramus
12 #3-2: 40.22 0.00897 Left parotid
13 #3-3: 33.56 0.00729 Right parotid
14  #3-4: 4.76 0.0012 Left back of neck
15  #3-5: 34.26 0.00843 Right cheek
16 #4-1: 5.3 0.00121 Left lens of eye
17  #4-2: 5.21 0.00122 Right lens of eye
18  #4-3: 9.43 0.00198 Left orbit
19  #4-4: 6.9 0.00163 Right orbit
20 #4-5: 2.8 6.26E-04 Pituitary
21 #5-1: 1.5 3.97E-04 Midbrain
22 #5-2: 1.2 2.91E-04 Anterior calvarium
23 #5-3: 0.96 2.37E-04 Left calvarium
24  #5-4: 1.05 2.96E-04 Right calvarium
25  #5-5: 1.17 2.61E-04 Posterior calvarium
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Table A.2. Accumoto full scan 8 x 8 cm?Z.

Major Organ and Tissue Ir;?:é?i‘g?]n Dosimeter Sums (pl-gv) T (Esl:zl )
Bone marrow 16.5 0.008722 0.001439 0.12 172.70
Mandible 1.3 7,8,10,11 0.004238 0.000055
Calvarium 11.8 22,23,24 0.000275 0.000032
Cervical spine 34 9 0.004210 0.000143
Thyroid 100 2,3 0.000819 0.000819 0.04 32.76
Esophagus 10 1 0.001120 0.000112 0.04 4.48
Skin 5 16,17, 14,15 0.003015 0.000151 0.01 1.51
Bone Surface 16.5 0.008722 0.001439 0.01 14.39
Mandible 1.3 7,8,10,11 0.004238 0.000055
Calvarium 11.8 22,23,24 0.000275 0.000032
Cervical spine 3.4 9 0.004210 0.000143
Salivary Glands 100 0.027260 0.027260 0.01 272.60
Parotid 100 12,13 0.008130 0.008130
Submandibular 100 5,6 0.011450 0.011450
Sublingual 100 4 0.007680 0.007680
Brain 100 20,21 0.000512 0.000512 0.01 5.12
Remainder 0.011654 0.000994 0.12 119.29
Lymphatic nodes 5 1, 3-13 0.005827 0.000291
Muscle 5 1, 3-13 0.005827 0.000291
Extrathoracic airway 100 18,19, 1,3-13  0.005252 0.005252
Oral mucosa 100 4-8,10-13 0.007088 0.007088
Pituitary 100 20 0.000626 0.000626
Eyes 100 16-19 0.001510 0.001510
Eg::t"’e 622.84
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Table A.3. Accuitomo 50 preview scans 8 x 8 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 11.78 0.00257 Esophagus
2 #1-2: 5.54 0.0014 Left thyroid surface
3 #1-3: 7.94 0.00194 Midline thyroid
4 #1-4: 87.93 0.0196 Center sublingual gland
5 #1-5: 23.24 0.00541 Left submandibular gland
6 #2-1: 154.62 0.0304 Right submandibular gland
7 #2-2: 129.32 0.0279 Left mandible body
8 #2-3: 130.62 0.0275 Right mandible body
9 #2-4: 129.54 0.0314 Center cervical spine
10 #2-5: 110.71 0.0272 Left ramus
11 #3-1: 131.78 0.0271 Right ramus
12 #3-2: 35.16 0.00785 Left parotid
13  #3-3: 90.33 0.0196 Right parotid
14 #3-4: 11.71 0.00296 Left back of neck
15  #3-5: 136.14 0.0335 Right cheek
16 #4-1: 4.35 9.93E-04 Left lens of eye
17  #4-2: 7.7 0.00181 Right lens of eye
18  #4-3: 9.1 0.00191 Left orbit
19  #4-4: 12.97 0.00306 Right orbit
20 #4-5: 6.91 0.00154 Pituitary
21 #5-1: 3.76 9.91E-04 Midbrain
22 #5-2: 1.95 4.72E-04 Anterior calvarium
23 #5-3: 2.45 6.09E-04 Left calvarium
24  #5-4: 2.59 7.32E-04 Right calvarium
25  #5-5: 0.21 4.62E-05 Posterior calvarium
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Table A.4. Accuitomo 50 preview scans 8 x 8 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) T (LIJES?/)
Bone marrow 16.5 0.059429 0.009806 0.12 1176.70
Mandible 1.3 7,8,10,11 0.027425 0.000357
Calvarium 11.8 22,23,24 0.000604 0.000071
Cervical spine 34 9 0.031400 0.001068
Thyroid 100 2,3 0.001670 0.001670 0.04 66.80
Esophagus 10 1 0.002570 0.000257 0.04 10.28
Skin 5 16,17, 14,15 0.009816 0.000491 0.01 4.91
Bone Surface 16.5 0.059429 0.009806 0.01 98.06
Mandible 1.3 7,8,10,11 0.027425 0.000357
Calvarium 11.8 22,23,24 0.000604 0.000071
Cervical spine 3.4 9 0.031400 0.001068
Salivary Glands 100 0.051230 0.051230 0.01 512.30
Parotid 100 12,13 0.013725 0.013725
Submandibular 100 5,6 0.017905 0.017905
Sublingual 100 4 0.019600 0.019600
Brain 100 20,21 0.001266 0.001266 0.01 12.66
Remainder 0.038078 0.003075 0.12 368.99
Lymphatic nodes 5 1, 3-13 0.019039 0.000952
Muscle 5 1, 3-13 0.019039 0.000952
Extrathoracic airway 100 18,19, 1, 3-13  0.016674 0.016674
Oral mucosa 100 4-8,10-13 0.021396 0.021396
Pituitary 100 20 0.001540 0.001540
Eyes 100 16-19 0.001943 0.001943
Effective 2250.69

46



Table A.5. Accuitomo full scan 6 x 6 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 2.79 6.10E-04 Esophagus
2 #1-2: 1.77 4.49E-04 Left thyroid surface
3 #1-3: 1.84 4.50E-04 Midline thyroid
4 #1-4: 54 1.20E-03 Center sublingual gland
5 #1-5: 13.57 0.00316 Left submandibular gland
6 #2-1: 10.99 2.16E-03 Right submandibular gland
7 #2-2: 31.66 6.83E-03 Left mandible body
8 #2-3: 21.69 4.56E-03 Right mandible body
9 #2-4: 10.16 2.46E-03 Center cervical spine
10  #2-5: 23.13 0.00569 Left ramus
11 #3-1: 15.43 3.17E-03 Right ramus
12 #3-2: 11.93 0.00266 Left parotid
13  #3-3: 12.26 2.66E-03 Right parotid
14 #3-4: 4.68 0.00118 Left back of neck
15  #3-5: 20.75 5.11E-03 Right cheek
16 #4-1: 3.28 7.49E-04 Left lens of eye
17  #4-2: 3.38 7.93E-04 Right lens of eye
18  #4-3: 3.79 7.95E-04 Left orbit
19  #4-4: 4.67 1.10E-03 Right orbit
20 #4-5: 1.68 3.76E-04 Pituitary
21 #5-1: 1.37 3.63E-04 Midbrain
22 #5-2: 0.58 1.42E-04 Anterior calvarium
23 #5-3: 0.98 2.43E-04 Left calvarium
24  #5-4: 1 2.82E-04 Right calvarium
25  #5-5: 0.6 1.34E-04 Posterior calvarium
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Table A.6. Accuitomo full scan 6 x 6 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) T (LIJES?/)
Bone marrow 16.5 0.007745 0.001278 0.12 153.35
Mandible 1.3 7,8,10,11 0.005063 0.000066
Calvarium 11.8 22,23,24 0.000222 0.000026
Cervical spine 3.4 9 0.002460 0.000084
Thyroid 100 2,3 0.000450 0.000450 0.04 17.98
Esophagus 10 1 0.000610 0.000061 0.04 244
Skin 5 16,17, 14,15 0.001958 0.000098 0.01 0.98
Bone Surface 16.5 0.007745 0.001278 0.01 12.78
Mandible 1.3 7,8,10,11 0.005063 0.000066
Calvarium 11.8 22,23,24 0.000222 0.000026
Cervical spine 3.4 9 0.002460 0.000084
Salivary Glands 100 0.006520 0.006520 0.01 65.20
Parotid 100 12,13 0.002660 0.002660
Submandibular 100 5,6 0.002660 0.002660
Sublingual 100 4 0.001200 0.001200
Brain 100 20,21 0.000370 0.000370 0.01 3.70
Remainder 0.005935 0.000503 0.12 60.38
Lymphatic nodes 5 1, 3-13 0.002968 0.000148
Muscle 5 1, 3-13 0.002968 0.000148
Extrathoracic airway 100 18,19, 1, 3-13  0.002679 0.002679
Oral mucosa 100 4-8,10-13 0.003566 0.003566
Pituitary 100 20 0.000376 0.000376
Eyes 100 16-19 0.000859 0.000859
Effective 316.80
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Table A.7. Accuitomo full scan 4 x 4 cm?.

. Voltage Dose .

Dosimeter (mvg)’ (Gy) Tissue

1 #1-1: 2.91 6.35E-04 Esophagus

2 #1-2: 0.94 2.38E-04 Left thyroid surface

3 #1-3: 0.76 1.87E-04 Midline thyroid

4 #1-4: 7.7 0.00171 Center sublingual gland
5 #1-5: 26.22 0.00611 Left submandibular gland
6 #2-1: 24.21 0.00476 Right submandibular gland
7 #2-2: 8.01 0.00173 Left mandible body

8 #2-3: 6.9 0.00145 Right mandible body

9 #2-4: 2.55 6.18E-04 Center cervical spine
10 #2-5: 1.86 4.58E-04 Left ramus

11 #3-1: 217 4.46E-04 Right ramus

12 #3-2: 3.29 7.33E-04 Left parotid

13  #3-3: 7.31 0.00159 Right parotid

14 #3-4: 1.29 3.25E-04 Left back of neck

15  #3-5: 2.01 4.95E-04 Right cheek

16 #4-1: 1.55 3.54E-04 Left lens of eye

17  #4-2: 0.98 2.30E-04 Right lens of eye

18  #4-3: 1.39 2.91E-04 Left orbit

19  #4-4: 1.06 2.50E-04 Right orbit
20 #4-5: 0.82 1.84E-04 Pituitary
21 #5-1: 0.55 1.46E-04 Midbrain
22 #5-2: 0.72 1.74E-04 Anterior calvarium
23 #5-3: 0.3 7.40E-05 Left calvarium
24  #5-4: 0.08 2.29E-05 Right calvarium
25  #5-5: 0.26 5.89E-05 Posterior calvarium
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Table A.8. Accuitomo full scan 4 x 4 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.001729 0.000285 0.12 34.24
Mandible 1.3 7,8,10,11 0.001021 0.000013
Calvarium 11.8 22,23,24 0.000090 0.000011
Cervical spine 34 9 0.000618 0.000021
Thyroid 100 2,3 0.000213 0.000213 0.04 8.50
Esophagus 10 1 0.000635 0.000064 0.04 2.54
Skin 5 16,17, 14,15 0.000351 0.000018 0.01 0.18
Bone Surface 16.5 0.001729 0.000285 0.01 2.85
Mandible 1.3 7,8,10,11 0.001021 0.000013
Calvarium 11.8 22,23,24 0.000090 0.000011
Cervical spine 3.4 9 0.000618 0.000021
Salivary Glands 100 0.008307 0.008307 0.01 83.07
Parotid 100 12,13 0.001162 0.001162
Submandibular 100 5,6 0.005435 0.005435
Sublingual 100 4 0.001710 0.001710
Brain 100 20,21 0.000165 0.000165 0.01 1.65
Remainder 0.003405 0.000291 0.12 34.87
Lymphatic nodes 5 1, 3-13 0.001702 0.000085
Muscle 5 1, 3-13 0.001702 0.000085
Extrathoracic airway 100 18,19, 1, 3-13  0.001498 0.001498
Oral mucosa 100 4-8,10-13 0.002110 0.002110
Pituitary 100 20 0.000184 0.000184
Eyes 100 16-19 0.000281 0.000281
Effective 167.89
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Table A.9. Accuitomo 50 preview scans 4 x 4 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 4.12 9.01E-04 Esophagus
2 #1-2: 1.97 0.0005 Left thyroid surface
3 #1-3: 0.73 1.78E-04 Midline thyroid
4 #1-4. 11.79 0.00262 Center sublingual gland
5 #1-5: 4.02 9.35E-04 Left submandibular gland
6 #2-1: 54.09 0.0106 Right submandibular gland
7 #2-2: 9.69 0.00209 Left mandible body
8 #2-3: 7.63 0.0016 Right mandible body
9 #2-4: 36.95 0.00895 Center cervical spine
10 #2-5: 1.33 3.26E-04 Left ramus
11 #3-1: 2.2 4.52E-04 Right ramus
12 #3-2: 10.94 0.00244 Left parotid
13 #3-3: 8.3 0.0018 Right parotid
14 #3-4: 78.14 0.0198 Left back of neck
15 #3-5: 3.05 7.50E-04 Right cheek
16 #4-1: 0.64 1.47E-04 Left lens of eye
17 #4-2: 1.52 3.58E-04 Right lens of eye
18 #4-3: 0.73 1.53E-04 Left orbit
19 #4-4: 1.51 3.57E-04 Right orbit
20 #4-5: 04 8.98E-05 Pituitary
21 #5-1: 0 0 Midbrain
22 #5-2: 0 0 Anterior calvarium
23 #5-3: 0 0 Left calvarium
24 #5-4: 0 0 Right calvarium
25 #5-5: 0 0 Posterior calvarium
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Table A.10. Accuitomo 50 preview scans 4 x 4 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.010067 0.001661 0.12 199.33
Mandible 1.3 7,8,10,11 0.001117 0.000015
Calvarium 11.8 22,23,24 0.000000 0.000000
Cervical spine 34 9 0.008950 0.000304
Thyroid 100 2,3 0.000339 0.000339 0.04 13.56
Esophagus 10 1 0.000901 0.000090 0.04 3.60
Skin 5 16,17, 14,15 0.005264 0.000263 0.01 2.63
Bone Surface 16.5 0.010067 0.001661 0.01 16.61
Mandible 1.3 7,8,10,11 0.001117 0.000015
Calvarium 11.8 22,23,24 0.000000 0.000000
Cervical spine 3.4 9 0.008950 0.000304
Salivary Glands 100 0.010508 0.010508 0.01 105.08
Parotid 100 12,13 0.002120 0.002120
Submandibular 100 5,6 0.005768 0.005768
Sublingual 100 4 0.002620 0.002620
Brain 100 20,21 0.000045 0.000045 0.01 0.45
Remainder 0.005482 0.000400 0.12 48.00
Lymphatic nodes 5 1, 3-13 0.002741 0.000137
Muscle 5 1, 3-13 0.002741 0.000137
Extrathoracic airway 100 18,19, 1, 3-13  0.002386 0.002386
Oral mucosa 100 4-8,10-13 0.002540 0.002540
Pituitary 100 20 0.000090 0.000090
Eyes 100 16-19 0.000254 0.000254
Effective 389.26
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Table A.11. Accuitomo 50 preview scans 4 x 4 cm? (repeat).

Dosimeter Voltage (mV) Dose (Gy) Tissue

1 #1-1: 3.7 8.09E-04 Esophagus

2 #1-2: 2.29 5.80E-04 Left thyroid surface

3 #1-3: 1.36 3.32E-04 Midline thyroid

4 #1-4. 11.35 0.00252 Center sublingual gland
5 #1-5: 5.26 0.00122 Left submandibular gland
6 #2-1: 57.67 0.0113 Right submandibular gland
7 #2-2: 12.87 0.00278 Left mandible body

8 #2-3: 7.38 0.00155 Right mandible body

9 #2-4: 34.02 0.00824 Center cervical spine
10 #2-5: 1.4 3.43E-04 Left ramus

11 #3-1: 2.04 4.19E-04 Right ramus

12 #3-2: 10.98 0.00245 Left parotid

13 #3-3: 6.54 0.00142 Right parotid

14 #3-4. 6.98 0.00176 Left back of neck

15 #3-5: 4.2 0.00103 Right cheek

16 #4-1: 0.12 2.85E-05 Left lens of eye

17 #4-2: 0.38 9.00E-05 Right lens of eye

18 #4-3: 0.2 4.15E-05 Left orbit

19 #4-4: 0.98 2.31E-04 Right orbit

20 #4-5: 0.07 1.62E-05 Pituitary

21 #5-1: 0 0 Midbrain

22 #5-2: 0 0 Anterior calvarium

23 #5-3: 0 0 Left calvarium

24 #5-4. 0 0 Right calvarium

25 #5-5: 0 0 Posterior calvarium
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Table A.12. Accuitomo 50 preview scans 4 x 4 cm? (repeat).

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.009513 0.001570 0.12 188.36
Mandible 1.3 7,8,10,11 0.001273 0.000017
Calvarium 11.8 22,23,24 0.000000 0.000000
Cervical spine 3.4 9 0.008240 0.000280
Thyroid 100 2,3 0.000456 0.000456 0.04 18.24
Esophagus 10 1 0.000809 0.000081 0.04 3.24
Skin 5 16,17, 14,15 0.000727 0.000036 0.01 0.36
Bone Surface 16.5 0.009513 0.001570 0.01 15.70
Mandible 1.3 7,8,10,11 0.001273 0.000017
Calvarium 11.8 22,23,24 0.000000 0.000000
Cervical spine 3.4 9 0.008240 0.000280
Salivary Glands 100 0.010715 0.010715 0.01 107.15
Parotid 100 12,13 0.001935 0.001935
Submandibular 100 5,6 0.006260 0.006260
Sublingual 100 4 0.002520 0.002520
Brain 100 20,21 0.000008 0.000008 0.01 0.08
Remainder 0.005564 0.000411 0.12  49.38
Lymphatic nodes 5 1, 3-13 0.002782 0.000139
Muscle 5 1, 3-13 0.002782 0.000139
Extrathoracic airway 100 18,19, 1, 3-13  0.002404 0.002404
Oral mucosa 100 4-8,10-13 0.002667 0.002667
Pituitary 100 20 0.000016 0.000016
Eyes 100 16-19 0.000098 0.000098
Effective 382.50
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Table A.13. Planmeca full scan 23 x 16 cmZ.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 16.23 0.00355 Esophagus
2 #1-2: 12.22 0.0031 Left thyroid surface
3 #1-3: 7.91 0.00194 Midline thyroid
4 #1-4. 19.55 0.00435 Center sublingual gland
5 #1-5: 13.23 0.00308 Left submandibular gland
6 #2-1: 18.67 0.00367 Right submandibular gland
7 #2-2: 19.93 0.0043 Left mandible body
8 #2-3: 16.85 0.00355 Right mandible body
9 #2-4: 17.3 0.00419 Center cervical spine
10 #2-5: 17 0.00418 Left ramus
11 #3-1: 19.19 0.00394 Right ramus
12 #3-2: 14.68 0.00328 Left parotid
13 #3-3: 14.68 0.00319 Right parotid
14 #3-4: 18.8 0.00475 Left back of neck
15 #3-5: 15.09 0.00371 Right cheek
16 #4-1: 17.39 0.00397 Left lens of eye
17 #4-2: 12.76 0.003 Right lens of eye
18 #4-3: 15.21 0.00319 Left orbit
19 #4-4. 13.53 0.00319 Right orbit
20 #4-5: 12.7 0.00284 Pituitary
21 #5-1: 7.63 0.00201 Midbrain
22 #5-2: 4.89 0.00119 Anterior calvarium
23 #5-3: 6.31 0.00157 Left calvarium
24 #5-4: 5.22 0.00148 Right calvarium
25 #5-5: 2.41 5.38E-04 Posterior calvarium
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Table A.14. Planmeca full scan 23 x 16 cmZ.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) T (LIJES?/)
Bone marrow 16.5 0.009596 0.001583 0.12 190.00
Mandible 1.3 7,8,10,11 0.003993 0.000052
Calvarium 11.8 22,23,24 0.001413 0.000167
Cervical spine 34 9 0.004190 0.000142
Thyroid 100 2,3 0.002520 0.002520 0.04 100.80
Esophagus 10 1 0.003550 0.000355 0.04 14.20
Skin 5 16,17, 14,15 0.003858 0.000193 0.01 1.93
Bone Surface 16.5 0.009596 0.001583 0.01 15.83
Mandible 1.3 7,8,10,11 0.003993 0.000052
Calvarium 11.8 22,23,24 0.001413 0.000167
Cervical spine 3.4 9 0.004190 0.000142
Salivary Glands 100 0.010960 0.010960 0.01 109.60
Parotid 100 12,13 0.003235 0.003235
Submandibular 100 5,6 0.003375 0.003375
Sublingual 100 4 0.004350 0.004350
Brain 100 20,21 0.002425 0.002425 0.01 24.25
Remainder 0.007203 0.000587 0.12 70.43
Lymphatic nodes 5 1, 3-13 0.003602 0.000180
Muscle 5 1, 3-13 0.003602 0.000180
Extrathoracic airway 100 18,19, 1, 3-13  0.003543 0.003543
Oral mucosa 100 4-8,10-13 0.003727 0.003727
Pituitary 100 20 0.002840 0.002840
Eyes 100 16-19 0.003338 0.003338
Eg::t"’e 527.04
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Table A.15. Planmeca 50 preview scans 23 x 16 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 3.18 6.95E-04 Esophagus
2 #1-2: 2.19 5.55E-04 Left thyroid surface
3 #1-3: 0 0 Midline thyroid
4 #1-4. 5.46 0.00121 Center sublingual gland
5 #1-5: 0.51 1.19E-04 Left submandibular gland
6 #2-1: 4.75 9.33E-04 Right submandibular gland
7 #2-2: 3.28 7.07E-04 Left mandible body
8 #2-3: 0 0 Right mandible body
9 #2-4: 1.16 2.80E-04 Center cervical spine
10 #2-5: 2.54 6.25E-04 Left ramus
11 #3-1: 0 0 Right ramus
12 #3-2: 2.55 5.69E-04 Left parotid
13 #3-3: 2.24 4.86E-04 Right parotid
14 #3-4: 1.45 3.67E-04 Left back of neck
15 #3-5: 5.25 0.00129 Right cheek
16 #4-1: 0.33 7.55E-05 Left lens of eye
17 #4-2: 4.18 9.83E-04 Right lens of eye
18 #4-3: 1.98 4.15E-04 Left orbit
19 #4-4: 3.47 8.17E-04 Right orbit
20 #4-5: 2.19 4.88E-04 Pituitary
21 #5-1: 0.96 2.53E-04 Midbrain
22 #5-2: 1.04 2.52E-04 Anterior calvarium
23 #5-3: 0.96 2.39E-04 Left calvarium
24 #5-4: 0.3 8.58E-05 Right calvarium
25 #5-5: 0 0 Posterior calvarium
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Table A.16. Planmeca 50 preview scans 23 x 16 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.000805 0.000133 0.12 15.94
Mandible 1.3 7,8,10,11 0.000333 0.000004
Calvarium 11.8 22,23,24 0.000192 0.000023
Cervical spine 34 9 0.000280 0.000010
Thyroid 100 2,3 0.000278 0.000278 0.04 11.10
Esophagus 10 1 0.000695 0.000070 0.04 2.78
Skin 5 16,17, 14,15 0.000679 0.000034 0.01 0.34
Bone Surface 16.5 0.000805 0.000133 0.01 1.33
Mandible 1.3 7,8,10,11 0.000333 0.000004
Calvarium 11.8 22,23,24 0.000192 0.000023
Cervical spine 3.4 9 0.000280 0.000010
Salivary Glands 100 0.002264 0.002264 0.01 22.64
Parotid 100 12,13 0.000528 0.000528
Submandibular 100 5,6 0.000526 0.000526
Sublingual 100 4 0.001210 0.001210
Brain 100 20,21 0.000371 0.000371 0.01 3.71
Remainder 0.000937 0.000081 0.12 9.72
Lymphatic nodes 5 1, 3-13 0.000469 0.000023
Muscle 5 1, 3-13 0.000469 0.000023
Extrathoracic airway 100 18,19, 1, 3-13  0.000490 0.000490
Oral mucosa 100 4-8,10-13 0.000517 0.000517
Pituitary 100 20 0.000488 0.000488
Eyes 100 16-19 0.000573 0.000573
Effective 67.55
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Table A.17. Carestream full scan 17 x 13.5 cmZ.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 15.57 0.0034 Esophagus
2 #1-2: 9.91 0.00251 Left thyroid surface
3 #1-3: 10.11 0.00247 Midline thyroid
4 #1-4. 18.13 0.00403 Center sublingual gland
5 #1-5: 19.56 0.00455 Left submandibular gland
6 #2-1: 17.2 0.00338 Right submandibular gland
7 #2-2: 17.3 0.00373 Left mandible body
8 #2-3: 19.33 0.00407 Right mandible body
9 #2-4: 16.97 0.00411 Center cervical spine
10 #2-5: 16.98 0.00418 Left ramus
11 #3-1: 19.26 0.00396 Right ramus
12 #3-2: 15.43 0.00344 Left parotid
13 #3-3: 14.05 0.00305 Right parotid
14 #3-4: 12.99 0.00328 Left back of neck
15 #3-5: 20.11 0.00495 Right cheek
16 #4-1: 12.35 0.00282 Left lens of eye
17 #4-2: 11.23 0.00264 Right lens of eye
18 #4-3: 17.55 0.00368 Left orbit
19 #4-4: 13.37 0.00315 Right orbit
20 #4-5: 5.38 0.0012 Pituitary
21 #5-1: 2.84 7.49E-04 Midbrain
22 #5-2: 2.29 5.56E-04 Anterior calvarium
23 #5-3: 2.28 5.65E-04 Left calvarium
24 #5-4: 2.16 6.11E-04 Right calvarium
25 #5-5: 1.05 2.34E-04 Posterior calvarium
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Table A.18. Carestream full scan 17 x 13.5 cmZ.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) T (LIJES?/)
Bone marrow 16.5 0.008672 0.001431 0.12 171.71
Mandible 1.3 7,8,10,11 0.003985 0.000052
Calvarium 11.8 22,23,24 0.000577 0.000068
Cervical spine 34 9 0.004110 0.000140
Thyroid 100 2,3 0.002490 0.002490 0.04 99.60
Esophagus 10 1 0.003400 0.000340 0.04 13.60
Skin 5 16,17, 14,15 0.003423 0.000171 0.01 1.71
Bone Surface 16.5 0.008672 0.001431 0.01 14.31
Mandible 1.3 7,8,10,11 0.003985 0.000052
Calvarium 11.8 22,23,24 0.000577 0.000068
Cervical spine 3.4 9 0.004110 0.000140
Salivary Glands 100 0.011240 0.011240 0.01 11240
Parotid 100 12,13 0.003245 0.003245
Submandibular 100 5,6 0.003965 0.003965
Sublingual 100 4 0.004030 0.004030
Brain 100 20,21 0.000975 0.000975 0.01 9.75
Remainder 0.007395 0.000604 0.12 7244
Lymphatic nodes 5 1, 3-13 0.003698 0.000185
Muscle 5 1, 3-13 0.003698 0.000185
Extrathoracic airway 100 18,19, 1, 3-13  0.003657 0.003657
Oral mucosa 100 4-8,10-13 0.003821 0.003821
Pituitary 100 20 0.001200 0.001200
Eyes 100 16-19 0.003073 0.003073
Effective 495.52
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Table A.19. Carestream 50 preview scans 17 x 13.5 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 2.32 5.08E-04 Esophagus
2 #1-2: 0.46 1.18E-04 Left thyroid surface
3 #1-3: 0.16 3.99E-05 Midline thyroid
4 #1-4: 2.8 6.22E-04 Center sublingual gland
5 #1-5: 3.55 8.26E-04 Left submandibular gland
6 #2-1: 0.19 3.70E-05 Right submandibular gland
7 #2-2: 2.22 4.79E-04 Left mandible body
8 #2-3: 0.26 5.50E-05 Right mandible body
9 #2-4: 0.94 2.29E-04 Center cervical spine
10 #2-5: 1.47 3.63E-04 Left ramus
11 #3-1: 0.28 5.82E-05 Right ramus
12 #3-2: 2.63 5.87E-04 Left parotid
13 #3-3: 1.01 2.20E-04 Right parotid
14 #3-4: 0.76 1.92E-04 Left back of neck
15 #3-5: 0 0 Right cheek
16 #4-1: 4.03 9.20E-04 Left lens of eye
17 #4-2: 1.25 2.93E-04 Right lens of eye
18 #4-3: 2.58 5.41E-04 Left orbit
19 #4-4. 0.5 1.18E-04 Right orbit
20 #4-5: 0.49 1.09E-04 Pituitary
21 #5-1: 0.79 2.08E-04 Midbrain
22 #5-2: 0 0 Anterior calvarium
23 #5-3: 0.12 3.04E-05 Left calvarium
24 #5-4: 0.2 5.55E-05 Right calvarium
25 #5-5: 0.04 8.76E-06 Posterior calvarium
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Table A.20. Carestream 50 preview scans 17 x 13.5 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.000496 0.000082 0.12 9.83
Mandible 1.3 7,8,10,11 0.000239 0.000003
Calvarium 11.8 22,2324 0.000029 0.000003
Cervical spine 34 9 0.000229 0.000008
Thyroid 100 2,3 0.000079 0.000079 0.04 3.16
Esophagus 10 1 0.000508 0.000051 0.04 2.03
Skin 5 16,17, 14,15 0.000351 0.000018 0.01 0.18
Bone Surface 16.5 0.000496 0.000082 0.01 0.82
Mandible 1.3 7,8,10,11 0.000239 0.000003
Calvarium 11.8 222324 0.000029 0.000003
Cervical spine 3.4 9 0.000229 0.000008
Salivary Glands 100 0.001457 0.001457 0.01 14.57
Parotid 100 12,13 0.000404 0.000404
Submandibular 100 5,6 0.000432 0.000432
Sublingual 100 4 0.000622 0.000622
Brain 100 20,21 0.000159 0.000159 0.01 1.59
Remainder 0.000671 0.000056 0.12 6.73
Lymphatic nodes 5 1,3-13 0.000335 0.000017
Muscle 5 1,3-13 0.000335 0.000017
Extrathoracic airway 100 18,19, 1, 3-13 0.000335 0.000335
Oral mucosa 100 4-8,10-13 0.000361 0.000361
Pituitary 100 20 0.000109 0.000109
Eyes 100 16-19 0.000468 0.000468
Effective 38.90
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Table A.21. i-CAT full scan 23 x 17 cmZ.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 7.94 0.00174 Esophagus
2 #1-2: 6.71 0.0017 Left thyroid surface
3 #1-3: 4.4 0.00108 Midline thyroid
4 #1-4. 9.93 0.00221 Center sublingual gland
5 #1-5: 5.16 0.0012 Left submandibular gland
6 #2-1: 5.63 0.00111 Right submandibular gland
7 #2-2: 6.86 0.00148 Left mandible body
8 #2-3: 8.32 0.00175 Right mandible body
9 #2-4: 7.14 0.00173 Center cervical spine
10 #2-5: 6.42 0.00158 Left ramus
11 #3-1: 5.73 0.00118 Right ramus
12 #3-2: 4.3 9.60E-04 Left parotid
13 #3-3: 5.29 0.00115 Right parotid
14 #3-4: 4.35 0.0011 Left back of neck
15 #3-5: 4.94 0.00121 Right cheek
16 #4-1: 5.91 0.00135 Left lens of eye
17 #4-2: 4.87 0.00114 Right lens of eye
18 #4-3: 4.77 9.99E-04 Left orbit
19 #4-4: 6.27 0.00148 Right orbit
20 #4-5: 6.6 0.00147 Pituitary
21 #5-1: 2.08 5.48E-04 Midbrain
22 #5-2: 213 5.17E-04 Anterior calvarium
23 #5-3: 1.95 4.84E-04 Left calvarium
24 #5-4: 2.87 8.10E-04 Right calvarium
25 #5-5: 0.77 1.72E-04 Posterior calvarium
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Table A.22. i-CAT full scan 23 x 17 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.003831 0.000632 0.12 75.86
Mandible 1.3 7,8,10,11 0.001498 0.000019
Calvarium 11.8 22,23,24 0.000604 0.000071
Cervical spine 34 9 0.001730 0.000059
Thyroid 100 2,3 0.001390 0.001390 0.04 55.60
Esophagus 10 1 0.001740 0.000174 0.04 6.96
Skin 5 16,17, 14,15 0.001200 0.000060 0.01 0.60
Bone Surface 16.5 0.003831 0.000632 0.01 6.32
Mandible 1.3 7,8,10,11 0.001498 0.000019
Calvarium 11.8 22,23,24 0.000604 0.000071
Cervical spine 3.4 9 0.001730 0.000059
Salivary Glands 100 0.004420 0.004420 0.01 44.20
Parotid 100 12,13 0.001055 0.001055
Submandibular 100 5,6 0.001155 0.001155
Sublingual 100 4 0.002210 0.002210
Brain 100 20,21 0.001009 0.001009 0.01 10.09
Remainder 0.002862 0.000227 0.12 27.22
Lymphatic nodes 5 1, 3-13 0.001431 0.000072
Muscle 5 1, 3-13 0.001431 0.000072
Extrathoracic airway 100 18,19, 1, 3-13  0.001404 0.001404
Oral mucosa 100 4-8,10-13 0.001402 0.001402
Pituitary 100 20 0.001470 0.001470
Eyes 100 16-19 0.001242 0.001242
Effective 226.85
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Table A.23. i-CAT 50 preview scans 23 x 17 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 6.52 0.00142 Esophagus
2 #1-2: 0.54 1.36E-04 Left thyroid surface
3 #1-3: 0.14 3.47E-05 Midline thyroid
4 #1-4: 11.14 0.00248 Center sublingual gland
5 #1-5: 2.19 5.10E-04 Left submandibular gland
6 #2-1: 8.38 0.00165 Right submandibular gland
7 #2-2: 0.14 3.02E-05 Left mandible body
8 #2-3: 0.43 8.95E-05 Right mandible body
9 #2-4: 04 9.61E-05 Center cervical spine
10 #2-5: 0.63 1.55E-04 Left ramus
11 #3-1: 0 0 Right ramus
12 #3-2: 3.61 8.05E-04 Left parotid
13 #3-3: 8.59 0.00187 Right parotid
14 #3-4: 0 0 Left back of neck
15 #3-5: 7.2 0.00177 Right cheek
16 #4-1: 0.85 1.94E-04 Left lens of eye
17 #4-2: 4.02 9.45E-04 Right lens of eye
18 #4-3: 2.57 5.38E-04 Left orbit
19 #4-4: 7.89 0.00186 Right orbit
20 #4-5: 3.34 7.45E-04 Pituitary
21 #5-1: 0.61 1.60E-04 Midbrain
22 #5-2: 1.91 4.65E-04 Anterior calvarium
23 #5-3: 2.75 6.82E-04 Left calvarium
24 #5-4: 1.97 5.56E-04 Right calvarium
25 #5-5: 0 0 Posterior calvarium
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Table A.24. i-CAT 50 previews 23 x 17 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.000732 0.000121 0.12 14.50
Mandible 1.3 7,8,10,11 0.000069 0.000001
Calvarium 11.8 22,23,24 0.000568 0.000067
Cervical spine 34 9 0.000096 0.000003
Thyroid 100 2,3 0.000085 0.000085 0.04 3.41
Esophagus 10 1 0.001420 0.000142 0.04 5.68
Skin 5 16,17, 14,15 0.000727 0.000036 0.01 0.36
Bone Surface 16.5 0.000732 0.000121 0.01 1.21
Mandible 1.3 7,8,10,11 0.000069 0.000001
Calvarium 11.8 22,23,24 0.000568 0.000067
Cervical spine 3.4 9 0.000096 0.000003
Salivary Glands 100 0.004898 0.004898 0.01 48.98
Parotid 100 12,13 0.001338 0.001338
Submandibular 100 5,6 0.001080 0.001080
Sublingual 100 4 0.002480 0.002480
Brain 100 20,21 0.000453 0.000453 0.01 4.53
Remainder 0.001523 0.000134 0.12 16.10
Lymphatic nodes 5 1, 3-13 0.000762 0.000038
Muscle 5 1, 3-13 0.000762 0.000038
Extrathoracic airway 100 18,19, 1, 3-13  0.000824 0.000824
Oral mucosa 100 4-8,10-13 0.000843 0.000843
Pituitary 100 20 0.000745 0.000745
Eyes 100 16-19 0.000884 0.000884
Effective 94.76
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Table A.25. i-CAT FLX full scan 23 x 17 cm?2.

. Voltage Dose .
Dosimeter (mvg)’ (cGy) Tissue
1 #1-1: 12.53 0.255975  Esophagus
2 #1-2: 10.34 0.201128 Left thyroid surface
3 #1-3: 8.98 0.178778 Midline thyroid
4 #1-4: 0.96 0.193699 Center sublingual gland
5 #1-5: 8.64 0.171157 Left submandibular gland
6 #2-1: 8.09 0.157087 Right submandibular gland
7 #2-2: 7.31 0.144153 Left mandible body
8 #2-3: 8.57 0.162157 Right mandible body
9 #2-4: 8.11 0.158491 Center cervical spine
10 #2-5: 7.49 0.147644 Left ramus
11 #3-1: 565 0.109624 Right ramus
12 #3-2: 5.95 0.118337  Left parotid
13 #3-3: 8.28 0.158834 Right parotid
14 #3-4: 9 0.181014 Left back of neck
15 #3-5: 6.38 0.125813 Right cheek
16 #4-1: 6.78 0.131421 Left lens of eye
17 #4-2: 6.71 0.129938 Right lens of eye
18  #4-3: 5.82 0.113362  Left orbit
19 #4-4: 7.14 0.136729 Right orbit
20 #4-5: 4.9 0.091537 Pituitary
21 #5-1: 211 0.040476 Midbrain
22 #5-2: 22 0.043912 Anterior calvarium
23 #5-3: 22 0.041905 Left calvarium
24 #5-4. 0.97 0.019553 Right calvarium
25 #5-5: 1.18 0.022502 Posterior calvarium
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Table A.26. i-CAT FLX full scan 23 x 17 cm?2.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.334509 0.055194 0.12 66.23
Mandible 1.3 7,8,10,11 0.140895 0.001832
Calvarium 11.8 22,23,24 0.035123 0.004145
Cervical spine 3.4 9 0.158491 0.005389
Thyroid 100 2,3 0.189953 0.189953 0.04 75.98
Esophagus 10 1 0.255975 0.025598 0.04 10.24
Skin 5 16,17, 14,15 0.142046 0.007102 0.01 0.71
Bone Surface 16.5 0.334509 0.055194 0.01 5.52
Mandible 1.3 7,8,10,11 0.140895 0.001832
Calvarium 11.8 22,23,24 0.035123 0.004145
Cervical spine 3.4 9 0.158491 0.005389
Salivary Glands 100 0.496407 0.496407 0.01 49.64
Parotid 100 12,13 0.138585 0.138585
Submandibular 100 5,6 0.164122 0.164122
Sublingual 100 4 0.193699 0.193699
Brain 100 20,21 0.066007 0.066007 0.01 6.60
Remainder 0.325989 0.025022 0.12  30.03
Lymphatic nodes 5 1,3-13 0.162995 0.008150
Muscle 5 1, 3-13 0.162995 0.008150
Extrathoracic airway 100 18,19, 1, 3-13  0.157573 0.157573
Oral mucosa 100 4-8,10-13 0.151410 0.151410
Pituitary 100 20 0.091537 0.091537
Eyes 100 16-19 0.127862 0.127862
Eg::t"’e 244.95
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Table A.27. i-CAT FLX 50 previews 23 x 17 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (cGy) Tissue
1 #1-1: 10.24 0.209193 Esophagus
2 #1-2: 7.03 0.136744 Left thyroid surface
3 #1-3: 12.21 0.243082 Midline thyroid
4 #1-4: 13.94 0.271101 Center sublingual gland
5 #1-5: 6.9 0.136688 Left submandibular gland
6 #2-1: 9.45 0.183495 Right submandibular gland
7 #2-2: 3.51 0.069217 Left mandible body
8 #2-3: 8.21 0.155345 Right mandible body
9 #2-4: 1.45 0.028337 Center cervical spine
10 #2-5: 1.77 0.034891 Left ramus
11 #3-1: 16.92 0.328289 Right ramus
12 #3-2: 2.11 0.041965  Left parotid
13 #3-3: 13.89 0.266449 Right parotid
14 #3-4: 0 0 Left back of neck
15 #3-5: 16.22 0.319858 Right cheek
16 #4-1: 1.39 0.026943 Left lens of eye
17 #4-2: 5.02 0.097211 Right lens of eye
18  #4-3: 2.06 0.040125  Left orbit
19  #4-4: 8.02 0.153581  Right orbit
20 #4-5: 242 0.045208 Pituitary
21 #5-1: 1.04 0.01995 Midbrain
22 #5-2: 1.19 0.023752 Anterior calvarium
23 #5-3: 0.31 0.005905 Left calvarium
24 #5-4. 0.12 0.002419 Right calvarium
25 #5-5: 0.02 0.000381 Posterior calvarium
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Table A.28. i-CAT FLX 50 previews 23 x 17 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.185964 0.030684 0.12 36.82
Mandible 1.3 7,8,10,11 0.146935 0.001910
Calvarium 11.8 22,23,24 0.010692 0.001262
Cervical spine 3.4 < 0.028337 0.000963
Thyroid 100 2,3 0.189913 0.189913 0.04 75.97
Esophagus 10 1 0.209193 0.020919 0.04 8.37
Skin 5 16,17, 14,15 0.111003 0.005550 0.01 0.56
Bone Surface 16.5 0.185964 0.030684 0.01 3.07
Mandible 1.3 7,8,10,11 0.146935 0.001910
Calvarium 11.8 22,23,24 0.010692 0.001262
Cervical spine 3.4 9 0.028337 0.000963
Salivary Glands 100 0.585399 0.585399 0.01 58.54
Parotid 100 12,13 0.154207 0.154207
Submandibular 100 5,6 0.160091 0.160091
Sublingual 100 4 0.271101 0.271101
Brain 100 20,21 0.032579 0.032579 0.01 3.26
Remainder 0.328009 0.025853 0.12 31.02
Lymphatic nodes 5 1,3-13 0.164004 0.008200
Muscle 5 1,3-13 0.164004 0.008200
Extrathoracic airway 100 18,19, 1, 3-13  0.154411 0.154411
Oral mucosa 100 4-8,10-13 0.165271 0.165271
Pituitary 100 20 0.045208 0.045208
Eyes 100 16-19 0.079465 0.079465
Eg::t"’e 217.60
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Table A.29. i-CAT background scan 23 x 17 cm?.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 0.38 8.41E-05 Esophagus
2 #1-2: 0.2 5.16E-05 Left thyroid surface
3 #1-3: 0.4 9.83E-05 Midline thyroid
4 #1-4: 0.51 1.13E-04 Center sublingual gland
5 #1-5: 0.08 1.87E-05 Left submandibular gland
6 #2-1: 0.14 2.79E-05 Right submandibular gland
7 #2-2: 0.62 1.35E-04 Left mandible body
8 #2-3: 0.64 1.34E-04 Right mandible body
9 #2-4: 0.44 1.06E-04 Center cervical spine
10 #2-5: 0.45 1.10E-04 Left ramus
11 #3-1: 0.7 1.44E-04 Right ramus
12 #3-2: 0.4 8.93E-05 Left parotid
13 #3-3: 0.38 8.18E-05 Right parotid
14 #3-4: 0.27 6.78E-05 Left back of neck
15 #3-5: 0.32 7.80E-05 Right cheek
16 #4-1: 0.77 1.76E-04 Left lens of eye
17 #4-2: 0.83 1.94E-04 Right lens of eye
18 #4-3: 0.62 1.30E-04 Left orbit
19 #4-4. 0.43 0.0001 Right orbit
20 #4-5: 0.64 1.44E-04 Pituitary
21 #5-1: 0 2.16E-07 Midbrain
22 #5-2: 0.45 1.10E-04 Anterior calvarium
23 #5-3: 0.16 3.97E-05 Left calvarium
24 #5-4: 0 0 Right calvarium
25 #5-5: 0.33 7.30E-05 Posterior calvarium
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Table A.30. i-CAT background scan 23 x 17 cm?.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.000287 0.000047 0.12 5.68
Mandible 1.3 7,8,10,11 0.000131 0.000002
Calvarium 11.8 22,23,24 0.000050 0.000006
Cervical spine 3.4 9 0.000106 0.000004
Thyroid 100 2,3 0.000075 0.000075 0.04 3.00
Esophagus 10 1 0.000084 0.000008 0.04 0.34
Skin 5 16,17, 14,15 0.000129 0.000006 0.01 0.06
Bone Surface 16.5 0.000287 0.000047 0.01 0.47
Mandible 1.3 7,8,10,11 0.000131  0.000002
Calvarium 11.8 22,23,24 0.000050 0.000006
Cervical spine 3.4 9 0.000106 0.000004
Salivary Glands 100 0.000222 0.000222 0.01 2.22
Parotid 100 12,13 0.000086 0.000086
Submandibular 100 5,6 0.000023 0.000023
Sublingual 100 4 0.000113 0.000113
Brain 100 20,21 0.000072 0.000072 0.01 0.72
Remainder 0.000190 0.000016 0.12 1.87
Lymphatic nodes 5 1, 3-13 0.000095 0.000005
Muscle 5 1, 3-13 0.000095 0.000005
Extrathoracic airway 100 18,19, 1, 3-13  0.000098 0.000098
Oral mucosa 100 4-8,10-13 0.000095 0.000095
Pituitary 100 20 0.000144 0.000144
Eyes 100 16-19 0.000150 0.000150
Effective 14.36
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Table A.31. Planmeca 5 panoramic radiographs.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 4.97 0.00109 Esophagus
2 #1-2: 2.32 5.87E-04 Left thyroid surface
3 #1-3: 8.82 0.00216 Midline thyroid
4 #1-4. 14.79 0.00329 Center sublingual gland
5 #1-5: 7.72 0.0018 Left submandibular gland
6 #2-1: 9.06 0.00178 Right submandibular gland
7 #2-2: 3.91 8.44E-04 Left mandible body
8 #2-3: 3.79 7.97E-04 Right mandible body
9 #2-4: 8.29 0.00201 Center cervical spine
10 #2-5: 4.69 0.00115 Left ramus
11 #3-1: 7.23 0.00149 Right ramus
12 #3-2: 6.71 0.0015 Left parotid
13 #3-3: 9.96 0.00216 Right parotid
14 #3-4: 5.35 0.00135 Left back of neck
15 #3-5: 0.51 1.27E-04 Right cheek
16 #4-1: 0.43 9.76E-05 Left lens of eye
17 #4-2: 0.73 1.73E-04 Right lens of eye
18 #4-3: 1.41 2.96E-04 Left orbit
19 #4-4: 1.12 2.65E-04 Right orbit
20 #4-5: 1.47 3.28E-04 Pituitary
21 #5-1: 0.54 1.41E-04 Midbrain
22 #5-2: 0.35 8.39E-05 Anterior calvarium
23 #5-3: 0.3 7.47E-05 Left calvarium
24 #5-4: 0.28 8.04E-05 Right calvarium
25 #5-5: 0.32 7.11E-05 Posterior calvarium
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Table A.32. Planmeca 5 panoramic radiographs.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.003160 0.000521 0.12 62.57
Mandible 1.3 7,8,10,11 0.001070 0.000014
Calvarium 11.8 22,23,24 0.000080 0.000009
Cervical spine 3.4 9 0.002010 0.000068
Thyroid 100 2,3 0.001374 0.001374 0.04 54.94
Esophagus 10 1 0.001090 0.000109 0.04 4.36
Skin 5 16,17, 14,15 0.000437 0.000022 0.01 0.22
Bone Surface 16.5 0.003160 0.000521 0.01 5.21
Mandible 1.3 7,8,10,11 0.001070 0.000014
Calvarium 11.8 22,23,24 0.000080 0.000009
Cervical spine 3.4 9 0.002010 0.000068
Salivary Glands 100 0.006910 0.006910 0.01  69.10
Parotid 100 12,13 0.001830 0.001830
Submandibular 100 5,6 0.001790 0.001790
Sublingual 100 4 0.003290 0.003290
Brain 100 20,21 0.000235 0.000235 0.01 2.35
Remainder 0.003345 0.000253 0.12 30.34
Lymphatic nodes 5 1, 3-13 0.001673 0.000084
Muscle 5 1, 3-13 0.001673 0.000084
Extrathoracic airway 100 18,19, 1,3-13  0.001474 0.001474
Oral mucosa 100 4-8,10-13 0.001646 0.001646
Pituitary 100 20 0.000328 0.000328
Eyes 100 16-19 0.000208 0.000208
Effective 229.08
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Table A.33. Planmeca 50 lateral cephalometric radiographs.

. Voltage Dose .
Dosimeter (mvg)’ (Gy) Tissue
1 #1-1: 3.18 6.96E-04 Esophagus
2 #1-2: 6.53 0.00166 Left thyroid surface
3 #1-3: 2.89 7.07E-04 Midline thyroid
4 #1-4: 3.28 7.28E-04 Center sublingual gland
5 #1-5: 6.13 0.00143 Left submandibular gland
6 #2-1: 0.94 1.84E-04 Right submandibular gland
7 #2-2: 2.66 5.73E-04 Left mandible body
8 #2-3: 0.33 6.99E-05 Right mandible body
9 #2-4: 1.59 3.86E-04 Center cervical spine
10 #2-5: 5.08 0.00125 Left ramus
11 #3-1: 0.27 5.47E-05 Right ramus
12 #3-2: 4.51 0.00101 Left parotid
13 #3-3: 0.72 1.56E-04 Right parotid
14 #3-4: 7.59 0.00192 Left back of neck
15 #3-5: 0.59 1.44E-04 Right cheek
16 #4-1: 5.08 0.00116 Left lens of eye
17 #4-2: 2.19 5.15E-04 Right lens of eye
18 #4-3: 3.48 7.28E-04 Left orbit
19 #4-4: 0.63 1.48E-04 Right orbit
20 #4-5: 1.52 3.39E-04 Pituitary
21 #5-1: 1.7 4.50E-04 Midbrain
22 #5-2: 042 1.03E-04 Anterior calvarium
23 #5-3: 2.56 6.35E-04 Left calvarium
24 #5-4: 0.44 1.26E-04 Right calvarium
25 #5-5: 1.2 2.68E-04 Posterior calvarium
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Table A.34. Planmeca 50 lateral cephalometric radiographs.

Major Organ and Tissue Ir;?:é?itc')?]n Dosimeter Sums (pl-gv) Wr (LIJES?/)
Bone marrow 16.5 0.001161 0.000192 0.12 22.99
Mandible 1.3 7,8,10,11 0.000487 0.000006
Calvarium 11.8 22,23,24 0.000288 0.000034
Cervical spine 34 9 0.000386 0.000013
Thyroid 100 2,3 0.001184 0.001184 0.04 47.34
Esophagus 10 1 0.000696 0.000070 0.04 2.78
Skin 5 16,17, 14,15 0.000935 0.000047 0.01 0.47
Bone Surface 16.5 0.001161 0.000192 0.01 1.92
Mandible 1.3 7,8,10,11 0.000487 0.000006
Calvarium 11.8 22,23,24 0.000288 0.000034
Cervical spine 3.4 9 0.000386 0.000013
Salivary Glands 100 0.002118 0.002118 0.01 21.18
Parotid 100 12,13 0.000583 0.000583
Submandibular 100 5,6 0.000807 0.000807
Sublingual 100 4 0.000728 0.000728
Brain 100 20,21 0.000395 0.000395 0.01 3.95
Remainder 0.001207 0.000096 0.12 11.51
Lymphatic nodes 5 1, 3-13 0.000604 0.000030
Muscle 5 1, 3-13 0.000604 0.000030
Extrathoracic airway 100 18,19, 1, 3-13  0.000580 0.000580
Oral mucosa 100 4-8,10-13 0.000606 0.000606
Pituitary 100 20 0.000339 0.000339
Eyes 100 16-19 0.000638 0.000638
Effective 112.12
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