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H-44 TASK FORCE ON CONE BEAM COMPUTED TOMOGRAPHY (CBCT)

The Conference of Radiation Control Program Directors charged the H-44 Task
Force with the following tasks:
• Develop and publish a white paper that would be helpful to radiation
regulatory programs on diagnostic X-ray Cone Beam Computed
Tomography (CBCT) used in dental and medical facilities that describes
the general principal of how the units work, quality control tests and
shielding requirements.
• Develop a protocol for state radiation control staff to use during
inspections of CBCT units.
• Provide written guidance on operator certification for CBCT units.
• Complete the project by August 1, 2017.
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EXECUTIVE SUMMARY

Cone Beam Computed Tomography (CBCT) x-ray is a relative newcomer to
medical imaging. In a short time, the application of CBCT has expanded to
include dental and maxillofacial imaging, radiotherapy, orthopedics, urology,
neurology, vascular and non-vascular interventions. In dental applications,
the market can be further segmented into dental implants, orthodontics, oral
surgery, endodontics, and general dental surgery. Dental and maxillofacial
applications are the fastest growing segments in the CBCT market. The Task
Force has decided to focus on these segments due to machine popularity and
to maintain a manageable scope for this paper.
Initial discussion of the H-44 Task Force demonstrated most states did not
have sufficient standards to regulate CBCT machines. Technology has
outpaced regulations. An electronic survey was sent to all state radiation
programs via Survey Monkey on January 26, 2015, to ascertain how states
manage CBCT machines for regulatory purposes. Of the 50 surveys sent, 24
states submitted information. Results indicated at the time of the survey that
only two states had written guidance and four states had begun the process of
developing guidance. One state had a protocol for inspections with four states
in process development.
The intent of this white paper is to assist regulatory programs on diagnostic
CBCT used for dental applications. A general principal of how CBCT units
work and topics covering quality assurance, shielding, and training
recommendations are covered. An inspection protocol and an inspection
checklist for state radiation control staff are included for use during
inspections of CBCT units.
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INTRODUCTION

Cone beam computed tomography (CBCT) was conceived in 1982 and was
introduced commercially to European markets in 1996. The delay was due
mostly to computer technology and detector development. The concept had to
wait for technology to develop in order to make CBCT machines feasible for
commercial use. CBCT did not appear in the U.S. market until 2001. It was
initially developed for use in angiography but quickly branched out to other
applications as technology progressed. Technology and design advancements
in head dedicated units have resulted in an increase number of installations
for dental and maxillofacial facilities. In 2005, four CBCT brands were
available. By 2008, sixteen companies were producing twenty-three devices
worldwide. This was the beginning of the CBCT boom for the dental and
maxillofacial markets. Unlike conventional multi-detector computed
tomography (MDCT) machines that are very large, CBCT machines are
affordable, have a much smaller footprint, and are generally less complicated to
operate. The addition of multifunctional machines incorporating panoramic,
cephalometric, and CBCT modalities all into one unit only increased CBCT
machine popularity. Dental and maxillofacial are the fastest growing segments
of CBCT. Cone beam computed tomography systems have quickly found their
place in imaging. They can deliver isotropic, sub-millimeter spatial resolution,
which makes them ideal in visualizing high contrast sinus structures, submillimeter structures at air-bone interfaces, middle ear and inner ear
components, and fine dental structures. The resolution capabilities and
relative affordability have contributed to the growth of CBCT in the dental
market, where forecasts show a compound annual growth rate of 10.8%
through 2019. North America is the largest market for CBCT and is forecast to
remain so through 2019. The U.S. Food and Drug Administration (USFDA)
Nationwide Evaluation of X-ray Trends (NEXT) Dental Survey of 2014 -2015
reports there are an estimated 5,500 units in the U.S. with 300,000 pediatric
studies and 3,876,000 adult studies performed annually. The facility type
distribution for these units were 48% in general practice, 44% in oral surgery
and 8% in orthodontic.
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TECHNOLOGY

When the H-44 Task Force initially met, a clear definition of CBCT was not
apparent. The technology and design criteria normally used to differentiate
between machine types are difficult to apply to CBCT machines due to hybrid
or multifunctional machines. For instance, O-arms have a gantry similar to a
conventional MDCT machine, but are essentially fluoroscopy machines with
CBCT capabilities. Dental panoramic units also may have CBCT incorporated
and can be difficult to determine capability simply from appearance.
In researching the definition of CBCT, the common theme appears to be a
machine that uses a divergent beam consisting of a conical or pyramidal shape.
Using this as the only definition for regulatory purposes may cause issues.
Conventional MDCT machines have come a long way in both design and
capability. Machines with detectors capable of obtaining 320 slices in a single
rotation have the ability to scan with a beam width of 16 centimeters. One can
argue that this qualifies as pyramidal in shape.
Conventional MDCT machines consist of an array of detectors whereas CBCT
machines generally utilize a single flat panel detector. In conventional MDCT,
x-rays are emitted into a fan shaped beam, usually in a helical progression that
rotates 360 degrees while the patient moves through the gantry. The beam is
intercepted by the rows of detectors. The x-ray tube can make several
rotations during the examination, with each rotation as short as 0.3 seconds.
Each individual scan of the field of view (FOV) is sequentially reconstructed
and then stacked to assemble a three-dimensional image. If a flat panel
detector were the defining difference between a CBCT machine and MDCT, a
clear definition would be apparent. Although most CBCT machines utilize a
flat panel detector, a very small percentage still contains scintillation screens,
image intensifiers and charge-coupled device (CCD) detectors. The relatively
low cost of constructing an amorphous silicon crystal flat panel detector,
however, has made the CCD detectors all but obsolete.
To create a usable definition of CBCT for regulatory use, a combination was
used. The H-44 Task Force has determined that a CBCT machine is one that
utilizes a divergent x-ray beam with a conical or pyramidal shape, a flat panel
detector, and can generate three-dimensional images. In addition, CBCT can be
split into two categories per machine output. Reasons for separating the
machines into less than 20 mA and 100 kV and greater than 20 mA and 100
kV become a factor when deciding adequate training for machine operators.
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Current cone beam machines scan patients in three possible positions. They
can be performed supine or prone, sitting, or standing. The latter two
represent the preferred configurations. As previously stated, CBCT utilizes a
divergent pyramidal or cone shaped x-ray beam. This beam rotates with the
detector around the center of rotation. During the rotation, multiple sequential
planar projection images of the FOV are acquired. Rotation can be up to 360
degrees, with a potential of more than 600 images obtained in a single rotation.
The rotation time is much longer than that of conventional MDCT, but only one
rotation is generally required for dental and maxillofacial imaging. Images are
acquired when x-rays intercepted by the flat panel detector are converted to a
voxel volume and stored digitally. Voxels are the smallest unit of digital
volume. A voxel is the three-dimensional equivalent to the two-dimensional
pixel. The extra dimensional component, with the x, y, and z coordinates,
requires a more complicated algorithm for image construction, which is one
reason why CBCT has not kept pace with conventional MDCT until recently.
CBCT images generally take longer to reconstruct. Industry waited for the
availability of affordable computer technology that could handle the
complicated CBCT image reconstruction algorithms.
Some manufacturers utilize asymmetric offset scanning. This technique allows
the doctor to scan a larger field size than standard symmetry allows. The
technique involves offsetting, or moving the detector, or image receptor, in
relation to the x-ray beam. When the detector moves, the associated collimator
partially closes to prevent unnecessary exposure to the patient. Most units do
not indicate to the user when the machine is in offset scanning mode or not.
This mode is usually activated when a user selects the largest field of view. It
should be noted however, that when imaging is collected through offset
scanning, image quality is decreased.
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DOSE

CBCT dose for head dedicated imaging is generally less than conventional
MDCT, but may be greater than a panoramic examination. Due to the variety
of machines, CBCT radiation dose varies widely. In the article, Effective Dose of
Dental CBCT—A Meta Analysis of Published Data and Additional Data for Nine
CBCT Units, Ludlow (2015) reports that adult effective dose for any protocol
ranged from 46 to 1073 µSv, for large FOVs. Parameters affecting dose include,
kV, mAs, filtration, tolerances set for image noise, and the size of the imaging
area (FOV) used. As with conventional MDCT, using the proper protocol for an
examination is vital for minimizing patient exposure.
An examination of how protocol affects patient exposure can be found in the
use of high resolution imaging. High resolution scans on CBCT units are
generally performed by increasing scan time. For instance, the ®i-Cat Classic
has a normal scan time of 20 seconds. Exposure time is increased to 40
seconds for the high resolution feature. Another example is increasing the xray pulse per second. An eighteen second scan using 300 pulses versus 180
pulses will result in an increase of dose to the patient while also increasing
image quality. Some manufacturers have also taken measures to limit the dose
resulting from its use. ®i-Cat limits the high resolution feature to examinations
using the small FOV of six centimeters. To prevent unnecessary patient
exposure, high resolution scanning should only be performed when clinically
indicated.
Most of the professional and governmental entities referenced in this paper
address the user of CBCT. It is universally recommended that CBCT
examinations only be performed when an alternative lower dose examination,
which would produce an acceptable image for a specific application, is not
available. CBCT should not to be used as a replacement for intraoral,
panoramic, or cephalometric imaging. The restriction of use in other imaging
modalities was not as evident due to the highly specialized nature of CBCT in
those fields. Since states do not generally regulate this aspect of medicine,
other means must be used to ensure lower patient dose. In keeping with the as
low as reasonably achievable (ALARA) principle, CBCT examinations should
use technique factor combinations that provide acceptable images with the
lowest possible dose. In addition, the smallest FOV should be utilized that will
accomplish the clinical purpose.
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Of course, radiation protection is not limited only to patient dose. Public and
occupational dose also must be considered. NCRP Report No. 177 (2017)
observed that under a worst-case scenario, with maximum mA and largest
available FOV settings, some CBCT machines can produce up to 300 times
more scatter radiation than panoramic machines. The Task Force has found
consistent measurements of approximately ten times more scatter than that of
panoramic machines. Although tube current, tube voltage, and scan times
may contribute to an increase, the largest source of increased scatter is the
increased beam geometry. The larger the area exposed, the greater the scatter
produced.
In an effort to keep exposure ALARA, attention to floor plans and additional
shielding should be addressed. Simply replacing a panoramic machine with a
CBCT machine in the same location may result in exceeding public dose limits
depending on location of the machine and workload. The Task Force
recommends that a shielding design plan be performed by a qualified medical
physicist (QMP) or a qualified expert (QE) to determine protective shielding
requirements. Due to the variances between different machines and room
layouts, a standardized shielding protocol is not possible. To perform a
shielding design plan, a detailed architectural drawing of the building where
the machine is to be installed is required. A scatter plot for the machine can
be obtained either from the owner’s manual or by contacting the manufacturer.
To ensure safety of the x-ray operator, employees, and the public, the shielding
design plan should be performed by a QMP or a QE prior to installation.
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TRAINING

Developing a training standard for operators of conventional MDCT,
fluoroscopy, and dental is relatively easy because the machine and facility
types are well defined. A standardized training recommendation for CBCT is
difficult to develop due to the varying ways states regulate the user and
machines. Some states do not differentiate between a CBCT machine and a
conventional MDCT machine. Confusion can exist when a state regulates
training standards for CBCT machines by facility type. For examination, an
identical machine can be utilized at an orthodontic facility, and at an ear nose
and throat (ENT) clinic. The orthodontic facility is considered a dental clinic
while the ENT facility is considered a medical clinic. Although the machines
are identical, the x-ray operator in the dental clinic may need only
manufacturer’s training, while the operator in the ENT clinic may require full
radiologic technologist (RT) certification to meet state requirements. The online survey noted that the methods states use to classify and regulate CBCT
machines vary greatly.
Responsibility for proper training for all staff belongs, in large part, to the
practitioners responsible for carrying out and reading the examinations. The
National Council on Radiation Protection and Measurements (NCRP) recognizes
the complexity of CBCT imaging acquisition, and the subsequent multiplanar
demonstration of patient anatomy. Due to increased complexity over previous
imaging modalities, the NCRP believes it is incumbent on practitioners to
ensure that they receive proper training in the safe and effective use and
provide opportunity for appropriate levels of training for the staff including
those who are reading the examinations.
The International Commission on Radiological Protection (ICRP) suggests that
the level of training in radiological protection should be commensurate with the
level of expected radiation exposure. All workers intending to use CBCT for
diagnostic purposes should be trained in the same manner as for diagnostic
MDCT and those intending to perform interventional CBCT should be trained
in the same manner as for interventional MDCT. This approach anticipates
that a large proportion of professionals involved in CBCT will be those who
have prior education in medical radiation physics and radiological protection.
To be fair, a dental hygienist will not have this level of prior education, but
radiation protection instruction is provided during a dental hygienist’s
schooling. Personnel who operate CBCT machines should be adequately
trained within the scope, and nature of the service being provided. They
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should obtain sufficient knowledge in the proper operation and safety of the
machine. Training should be manufacturer and model specific. Education
should include radiation protection, principles of imaging, equipment settings
and their impact on patient dose, common artifacts, quality control and
maintenance. Training should be performed by a qualified individual from the
manufacturer, or by an individual who has had the training. Documentation of
training should be readily available upon request.
For states that regulate training by machine type, training can be split into two
categories, determined by machine output. X-ray operators for machines that
utilize less than 20 mA and 100 kV should, at minimum, obtain manufacturer
specific training. X-ray operators for machines that utilize greater than 20 mA
and 100 kV should obtain training equaled to a certified radiologic technologist
or state approved equivalent. It is noted, however, that the Task Force has
identified only three CBCT units that are capable of operating at greater than
20 mA and 100 kV. (See Appendix F.)
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MANUFACTURER OR INSTALLER TRAINING PRACTICES

New installations and major upgrades to existing facilities, such as upgrading
an existing panoramic unit to a CBCT including software upgrades, are
generally followed by training provided by the manufacturer. The Task Force
has discovered a disturbing practice conducted during these training sessions.
Instructors often pressure facility staff to help demonstrate the imaging process
by irradiating staff. X-ray exposure to facility staff has occurred without a
proper clinical assessment or physician’s order. The practice of using
individuals for training purposes is unacceptable because it exposes them to
ionizing radiation with no medical benefit. Training of facility staff can be
performed more than adequately without activation of the x-ray tube.
The practice of subjecting individuals to x-rays without a physician’s order may
be subject to civil penalties, depending upon the state’s regulations.
Discovering an occurrence of the practice, unfortunately, can be challenging.
The chances of observing this practice first hand during an inspection is
extremely small. A chronological log of every examination can be accessed at
the unit’s control panel. The inspector can scroll to the first few examinations
and inquire if the individual is an employee or a patient. An inspector can then
ask to review, if available, the employee’s chart to determine if an x-ray study
was ordered. Unfortunately, if the images were rejected, the inspector may not
have access to them because some systems require a password.

Technical White Paper: Cone Beam Computed Tomography for Dental Applications,
November 2017, Page 8 of 38

QUALITY ASSURANCE/QUALITY CONTROL

Standardized quality assurance and quality control (QA/QC) for CBCT does not
exist at this time. The approach manufacturers take to QA/QC varies greatly.
A QA/QC control program must be manufacturer and model specific. In order
to achieve this, the proper tools must be provided by the manufacturer. 21
CFR 1020.33(d)(1) Computed tomography (CT) equipment requires that the
manufacturer of any CT x-ray system shall provide with each system a
phantom(s) capable of providing an indication of contrast scale, noise, nominal
tomographic section thickness, the spatial resolution capability of the system
for low and high contrast objects, and the mean CT number of water or a
reference material. The nominal tomographic section thickness testing may
not apply to CBCT, but the rest of the requirement does. Current USFDA
performance standards do not differentiate between conventional MDCT and
CBCT.
Most states’ radiation programs incorporate the USFDA’s 21 CFR 1020.33 by
reference. During inspections, possession of the appropriate phantom(s) should
be verified because some manufacturers have not provided a phantom as
required by USFDA 21 CFR 1020.33. Reviewing the manufacturer quality
control manual will verify the specific phantom used for that particular
machine. Some manufacturers use multiple phantoms, so it is important to
verify the types of phantoms each manufacturer requires for QC of CBCT
systems.
A QA program should be instituted that covers each machine at the facility.
The QA program should be provided by the manufacturer of the machine, but if
a program is not available, a QMP or a QE should be consulted to develop one.
Documentation that QC testing is being performed at the correct intervals
should be verified through record review. Review of QC data should also be
included as part of the QMP’s or QE’s equipment performance evaluation.
The Task Force adopts the recommendations published in the CRCPD
Suggested State Regulations for Control of Radiation, Subpart F, Chapter 11
(2003). Acceptance testing should be performed by a QMP or a QE on all new
systems within 30 days of initial installation. Also, an evaluation should be
performed within 30 days of any change or replacement of a major component
(such as x-ray tube or detector) or software upgrade, which in the opinion of
the QMP or QE could cause a change in the radiation output or image quality.
Testing should include the machine as well as the displays used for viewing.
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Machines that can operate at greater than 20 mA or 100 kV should be tested
annually. Machines that operate at less than 20 mA and 100 kV should be
tested every other year. Note however, that the Task Force has identified only
three CBCT units that are capable of operating at 20 mA and 110 kV. (See
NewTom in Appendix F.)
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SUMMARY AND RECOMMENDATIONS

The following includes a summary of this paper along with recommendations
for states and inspectors.
•
•
•
•

•

•
•
•
•

•

•

The use of the guide for state level inspections, located in Appendix A, is
encouraged.
The use of the CBCT checklist, located in Appendix B, is encouraged.
The use of the sample inspection form, located in Appendix C, is
encouraged.
Training should be commensurate with the scope and nature of the
service being provided. For instance, the level of knowledge required to
perform interventional examinations is greater than for dental
applications; therefore the level of training should be greater.
For states that regulate machine type, training can be split into two
categories. Staff operating machines using less than 20 mA and 100 kV
can obtain certified training from a certified manufacturer trainer. Staff
operating machines using greater than 20 mA and 100 kV should have
training equal to that of a radiologic technologist or state approved
equivalent. It is noted, however, that the Task Force has identified only
three CBCT units that are capable of operating at greater than 20 mA
and 100 kV. (See Appendix F.)
Training should be manufacturer and model specific.
Training should include radiation protection, principles of imaging,
equipment settings and their impact on patient dose, common artifacts
seen, quality control testing and required maintenance.
The practice of conducting imaging demonstrations on employees during
manufacturer training should be investigated during an inspection with
violations issued where appropriate.
CBCT examinations should use technique factor combinations that will
provide acceptable images with the lowest possible doses. In addition, the
smallest FOV should be used that would accomplish proper imaging of
the area of interest.
A QMP or a QE should provide shielding recommendations for new
installations as well as machine replacement installations. Most states
require some form of approval using guidance from NCRP Report No. 177
(2017).
A quality assurance program should be developed and followed. The
program may be obtained through manufacturer guidelines or through
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•
•
•
•

•

one established by a QMP or a QE. Documentation of QC testing at the
required frequencies should be verified during record review.
Acceptance testing should be conducted by a QMP or a QE within 30
days of installation, replacement of a major component (such as x-ray
tube or detector), or software upgrade.
A survey should be conducted by a QMP or a QE every two years for
machines operating at less than 100 kV and 20 mA, and annually for
machines operating at greater than 100 kV or 20 mA.
Possession and use of a QC phantom and test protocols provided by the
manufacturer should be verified.
During inspections, checking the panoramic machines for CBCT
capabilities is recommended. Some units require hardware upgrades to
convert the machine to CBCT. Other units require only a software
update. States may not be notified of the upgrades, making them
unaware that the machines exist at a facility.
The NCRP and the Task Force strongly discourage using CBCT units to
take intraoral images (e.g., bitewing images). This practice results in
higher patient exposures while providing lower spatial resolution.
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CONTACT INFORMATION

Kenneth Hoffman
Radiation Health Physicist
Department of Environmental Protection
Southeast Regional Office
2 E. Main St.
Norristown, PA 19401
Telephone: 484.250.5843
www.dep.pa.gov
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ABBREVIATIONS

AAPM
ADA
ALARA
CBCT
CDRH
CTDI
FOV
IAC
ICRP
QE
QMP
MDCT
NCRP
NEXT
QA
QC
RT
USEPA
USFDA

American Association of Physicists in Medicine
American Dental Association
As Low As Reasonably Achievable
Cone Beam Computed Tomography
Center for Devices and Radiological Health
Computed Tomography Dose Index
Field of View
Intersocietal Accreditation Commission
International Council on Radiation Protection
Qualified Expert
Qualified Medical Physicist
Multi-detector Computed Tomography
National Council on Radiation Protection and Measurements
Nationwide Evaluation of X-ray Trends
Quality Assurance
Quality Control
Registered Technologist
U.S. Environmental Protection Agency
U.S. Food and Drug Administration
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GLOSSARY

CBCT

The H-44 Task Force has determined that a CBCT machine
is one that utilizes a divergent x-ray beam with a conical or
pyramidal shape, a flat panel detector, and can generate
three-dimensional images. In addition, CBCT can be split
into two categories per machine output. Reasons for
separating the machines into less than 20 mA and 100 kV
and greater than 20 mA and 100 kV become a factor when
deciding adequate training for machine operators.

QA

Quality assurance is the process through which the quality
management system gives assurance (i.e., confidence) that
existing standards or requirements are met.

QC

Quality control is the process through which the actual
quality performance is measured, as compared with existing
standards, and the actions necessary to keep or regain
conformance with those standards.

QMP

Qualified Medical Physicist is an individual who meets each
of the following credentials:
1. Has earned a master's or doctoral degree in physics,
medical physics, biophysics, radiological physics, medical
health physics, or equivalent disciplines from an accredited
college or university, and;
2. Has been granted certification in the specific
subfield(s) of medical physics with its associated medical
health physics aspects by an appropriate national certifying
body and abides by the certifying body's requirements for
continuing education.

QE

Qualified Expert is an individual who is granted professional
privileges based on education and experience to provide
clinical services in diagnostic medical physics by the Agency.
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APPENDIX A
GUIDE FOR STATE LEVEL INSPECTIONS

This appendix is intended for use as guidance for state level inspections.

Unit Identification

•

Upon entering a facility to inspect a CBCT unit, it is important the
inspector correctly identify the unit. Some machines may be labeled as
three-dimensional or “3-D” but may incorporate a standard panoramic
fan beam configuration.

•

The USFDA reviews and clears CBCT units for use. Inspectors can
search the USFDA 510(k) database using various qualifiers, including
device name. A search query will produce information about the unit,
including a summary page that provides an operating description and
specifications. The link to the database is provided:
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/De
viceApprovalsandClearances/510kClearances/ucm089319.htm

•

The inspector always should request to see a copy of the machine
owner’s manual. The specification page should indicate what type of
collimation the unit incorporates. If the inspector is still uncertain, a
telephone number for a technical representative should be obtained.

•

The inspector also can ask to see an acceptance testing report performed
by a QMP or a QE.

•

There are two quantitative ways an inspector can determine whether a
machine utilizes a cone or fan beam configuration. The first is to use two
1 cm x 20 cm strips of radiochromic film taped perpendicularly in the
center of the image receptor and take an exposure with the mA set to at
least eight. If the unit is a CBCT, both films will turn almost completely
black. If it is a fan beam, only an approximate 0.5 cm wide area will turn
black on the horizontally placed film. Note that using two strips in this
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manner will help the inspector calculate the Dose Area Product (DAP)
discussed in this appendix.
•

Another way an inspector can determine if a unit is cone beam or not is
the use of a solid-state detector. Most of these detectors are capable of
measuring x-ray beam pulse and waveform. Most cone beam units
utilize a pulsed x-ray beam upwards of 400-600 pulses per scan, or
more, depending upon scan time. The waveform and detector will
indicate if the unit produces a pulsed x-ray beam.

Physics Testing

•

State inspectors have a myriad of different detectors available to obtain
physics data. The new solid-state detectors can collect a significant
amount of data including kV, exposure time, dose, half value layer (HVL),
waveform, beam pulses, etc. Ion chambers also can be used to collect
data such as exposure time and dose. Some solid-state detectors can
utilize multiple detectors at the same time. Detectors can be used with
or without a phantom attenuating the x-ray beam.

•

Head phantoms can be purchased from manufacturers who can modify
them to accept various detectors. Actual human head phantoms
containing real or simulated bone, such as the type used in dental
schools, can be used also. Dental school phantoms can be modified to
accept an ion chamber by drilling an approximate 1 cm x 15 cm cavity
adjacent to the cervical spine. A 3 cm3 ion chamber can be placed into
this cavity to obtain data. The cavity should be made long enough so
that the entire chamber will be exposed by the x-ray field. Additionally, a
solid-state detector can be taped directly to the outside of the phantom.

•

A traditional CT dosimetry head phantom also can be used to obtain a
Computed Tomography Dose Index (CTDI) value. Although some
accrediting bodies request it, CTDI is not a good way to evaluate CBCT
dose due mostly to beam geometry and placement of an ion chamber.

•

Use of these phantoms does have drawbacks as they are often heavy,
very expensive and require the use of a tripod.

•

If a phantom is not used, the detector(s) can be taped directly to the
image receptor. Care should be taken however, to ensure the detector(s)
are fully exposed by the x-ray field. Ion chambers, due to their length,
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may not always be completely in the field. If the option is available, the
inspector should open the collimator to the largest FOV available. This
can be done at the unit’s control panel. The use of radiochromic film will
indicate if the chamber was correctly positioned.
•

To calculate the DAP, an inspector can tape two 1 cm x 20 cm strips of
radiochromic film placed perpendicularly in the center of the image
receptor. After making an exposure (without a phantom), an inspector
can measure the extent of the x-ray beam to obtain the dose area in cm2.
The DAP is then calculated by multiplying the dose obtained from the
solid-state detector by the x-ray beam area. Many CBCT units display
the DAP on the display interface panel. The displayed DAP can then be
compared to the measured DAP. On a cautionary note, not all
manufacturers calculate DAP at the image receptor. Some
manufacturers calculate the DAP at a “point in space,” that is, at a
location between the focal spot and the image receptor. As such, the
measured DAP may not approximate the indicated DAP. An added
advantage to placing the two strips in this manner allows the inspector
to evaluate collimation and x-ray beam size accuracy.

X-ray Scatter Measurement

•

CBCT units can produce up to ten times or more scatter than traditional
panoramic units. Often, these units replace panoramic units in locations
that previously did not undergo an x-ray shielding evaluation. These
locations can include hallway alcoves placed adjacent to an operatory,
receptionist workstation or patient waiting room that may not afford
protection from a primary barrier (wall). Generally, the Task Force has
found that one inch of gypsum (two sheets of drywall) provides sufficient
shielding for these units.

•

To verify dose to a radiation worker or the public is not exceeded, an
inspector should perform measurements. To measure x-ray scatter, an
inspector will need a tripod with a head phantom positioned in the unit.
An alternative is to use a four liter cubitainer, or a one gallon water or
milk jug filled with water. Additionally, another tripod should be used
for placement of the x-ray detector which is used in integrate mode. The
detector and tripod can be moved to various locations to obtain scatter
measurements. Distances should be measured from the center of the
phantom. An accurate number of scans can be obtained from the
operator’s interface console to assist in making calculations.
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Quality Assurance/Quality Control

•

Most states have regulations requiring facilities to have a QA program.
An inspector should request to see the facility’s QA program.
Additionally, the inspector should request to see the owner’s manual to
determine what QC the manufacturer recommends and at what
frequency. Manufacturer recommended QC testing and calibrations
often can be accessed by reviewing the systems records using the unit’s
software. If a QMP or a QE is employed, the inspector should review the
report.

•

Manufacturers of CBCT units often recommend QC testing and
calibration on a regular basis. Typical QC testing includes
measurements of contrast scale, noise, nominal tomographic section
thickness, the spatial resolution capability of the system for low and high
contrast objects, and the mean CT number of water or a reference
material. Other QC testing includes panel (detector), collimator and
geometry evaluations. Depending upon the unit, a manufacturer may
recommend these evaluations at daily, weekly, quarterly and annual
intervals. Manufacturers are required by the USFDA to supply a QA
phantom and instructions on how to use it to evaluate the CBCT system.
The inspector should ask to see both the phantom and images of the
phantom. QC testing using the phantom can be performed by a trained
operator. Additionally, some manufacturers recommend an annual
physics evaluation performed by a QMP or a QE. The QMP or QE should
provide a QA program for the facility.
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APPENDIX B
CBCT INSPECTION CHECKLIST FOR STATE REGULATORS

This appendix can be used as guidance during inspections and can be altered
according to state requirements.

Facility Information
•
•
•
•
•

Facility Name:
State ID Number:
Date:
Is facility accredited? Yes or No
Name of Accrediting Organization:

Personnel
•
•
•
•
•

Name of Interviewed Operator:
Number of Operators:
o Number of Operators with Certification:
Designated Lead X-ray Operator:
Designated Radiation Safety Officer:
Designated Qualified Medical Physicist:

Machine Information
•
•
•
•
•
•

Machine ID Number:
Location (Room Number):
Manufacturer:
Model:
Serial Number:
Date of Manufacture:
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•
•
•
•
•

Maximum FOV:
Maximum kV:
Maximum mA:
Is a shielding evaluation plan available?
Are scatter radiation measurements available?

Dose Management Program
•
•
•
•

Has a dose management committee been established?
o How often does the committee meet?
o Who is on the committee?
Are examination protocols established for each unit?
Are there specific protocols for pediatric patients that differ from adult
patients?
Indication of CT Dose (DAP)
o Is there an established threshold for dose evaluation?
o Are the dose thresholds indicated at the console?
o Does operator monitor dose values for each patient study?
o Are dose values included in patient’s permanent medical records?

Quality Assurance and Quality Control
•
•

Is a manufacturer provided phantom(s) available?
Has a QA program been implemented?
o Is a written policy regarding QC checks available?
o Is manufacturer recommended quality control testing performed?

Machine Calibration and Maintenance
•

Is performance evaluation performed by QMP or QE?
o Was an equipment evaluation performed within 30 days of
installation?
o How often is an evaluation performed?
▪ Date of previous survey:
▪ Date of current survey:
▪ Failures or recommendations?
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•
•

o Is corrective action documented on failures or recommendations?
Is the machine checked by a QMP or QE after replacement of a major
component (such as x-ray tube for detector) or software upgrade?
Is calibration or preventative maintenance performed by a service
provider?
o How often is preventative maintenance performed?
o Are calibration reports available?

Safety
•
•
•
•
•
•

Are CT technical parameters indicated prior to initiation of scan?
Is there a visible indication of x-ray production?
Is there a signal visible to the operator indicating when x-ray exposure
has been terminated?
Is there a means for emergency x-ray termination by the operator?
Is the emergency stop button clearly marked and within easy access to
the operator?
Is constant audible and visual patient contact maintained during
exposure?

Monitors
•

Is an acquisition Workstation Monitor QC being performed and
documented?
o Test pattern?
o Luminance testing?

Determining Dose Area Product (DAP)
Many CBCT units display DAP. To determine DAP, an inspector must have a
meter to measure exposure and a method to determine the area of exposure.
The steps below describe one method using a solid state detector and chromic
film.
•

Set the machine to an exposure that the facility utilizes.
o Indicated kV:
_________
o Indicated mA:
_________
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o Indicated Exposure Time:
o FOV:

_________
_________cm

•

Tape two 1 cm x 20 cm strips of chromic film to the image receptor. One
strip is placed vertically in the center of the image receptor and the other
in the transverse direction.
o Radiochromic film will turn black when exposed to x-radiation.

•

Attach the detector of your radiation meter to the image receptor (tape is
commonly used) ensuring that the meter is entirely exposed.
o If there is concern about full exposure to the detector, use the
largest available field of view.

•

At the interface panel adjust the mA to a least eight, make an exposure
and indicate the measurement.
o Measured exposure:
_________(Gy, mGy, uGy)

•

Measure the area exposed on the radiochromic film for both the vertically
and transversely placed films, multiply and determine the x-ray area. The
indicated x-ray field size can then be compared vs. the measured x-ray
field size.
o Indicated Exposure Area:
_________cm2
o Measured Exposure Area:
_________cm2
o Indicated vs. Measured Difference: _________%

•

Calculate DAP by multiplying the area exposed by the measured
exposure.
o Measured Exposure Area:
_________ cm2
o Measured Exposure:
_________ mGy
o Dose Area Product (Area x Exposure): ________ mGy-cm2
o Indicated DAP on the unit’s console: ________ mGy-cm2
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APPENDIX C
CONE BEAM COMPUTED TOMOGRAPHY INSPECTION
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APPENDIX D
PROFESSIONAL ORGANIZATIONS

To provide guidance on CBCT imaging, national and international groups have
prepared basic principles, position statements, and professional guidelines for
CBCT. Although each entity may not have directly collaborated with each
other, their goals were quite similar. Due to their importance in radiation
protection, the Task Force decided to include them in this appendix.

American Dental Association (ADA)
The Journal of the American Dental Association, Volume 143, Issue 8, 899-902
(2012)
•

Recommendations for Use
o Should be considered as an adjunct to standard oral imaging
modalities unless conventional radiography will not capture area of
interest adequately.

•

Equipment Performance and QA/QC
o Patient dose should be optimized to achieve lowest practical level
to address a specific clinical situation.
o The smallest FOV should be used for imaging a specific anatomical
area.
o The lowest combination of tube output and scan time consistent
with adequate image noise content and motion artifact should be
used.

•

Training
o Practitioners must receive appropriate training and education in
the safe use of CBCT systems.
o Participation in continuing education is encouraged.
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U.S. Environmental Protection Agency (USEPA)
Federal Guidance Report No. 14. Radiation Protection Guidance for Diagnostic
and Interventional X-ray Procedures (2014)
•

Recommendations for Use
o Should be used as an adjunct to standard oral imaging modalities
or if information is not available with conventional imaging.

•

Equipment Performance and QA/QC
o Agencies should promote the development of national diagnostic
reference levels for use as quality assurance and quality improvement
tools in each type of examination.
o The smallest volume size that will yield the diagnostic objective should
be used.
o A quality control team should be formed by the facility to establish
and maintain a QA program. The QA program should include
performance testing, QA test with a phantom, qualitative assessment,
repeat analysis, display monitor assessment, and proper viewing
conditions.
o Machines should be tested by a QMP or under direct supervision of a
QMP. Testing should occur after installation of the machine and then
annually thereafter.
o Structural shielding evaluation should be done prior to first clinical
examinations utilizing guidance of NCRP Report No. 147 (2004) and
No. 177 (2017).

European Commission (EC)
Evidence-based Guidelines No. 172 for Cone Beam CT for Dental and
Maxillofacial Radiology (2012)
•

Recommendations for Use
o Should not be performed unless a history and clinical examination
have been performed. Routine imaging and screenings are
unacceptable practices.

•

Equipment performance and QA/QC
o Tube voltage and current should be optimized according to the
clinical purpose of the examination.
o Protocols should be set with input of a medical physics expert.
o Multipurpose dental CBCT equipment should offer a choice of
volume sizes and examinations must use smallest that is
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o
o
o
o

•

compatible with the clinical situation if it provides less radiation
dose to the patient. Voxel size should also be selectable.
Machines should be tested by a QMP prior to putting the machine
into service with recommendations for annual testing.
Diagnostic reference levels should be established.
Reject analysis should be performed at intervals no greater than
once every six months and should not exceed 5%.
An expert should be consulted on room construction using
guidelines on staff and public protection requirements of European
Guidelines No. 136 (2004).

Training
o All staff involved with CBCT must receive adequate theoretical and
practical training. Continuing education and training after
qualification are required.
o CBCT specialists and agents of manufacturers and suppliers of
CBCT equipment who provide information and training to clinical
staff should obtain relevant training in radiation protection and
optimization.

International Commission on Radiological Protection (ICRP)
ICRP Report No. 129 - CBCT Wide Range of Clinical Applications and Wide Range
of Doses (2015)
•

Recommendation for Use
o Dental and maxillofacial scans should be justified, considering
alternative imaging modalities.

•

Equipment Performance and QA/QC
o Clinical need permitting, every effort should be made by users
to ensure that the volume of interest is fully incorporated in the
FOV provided by the CBCT scanners, while radiosensitive
organs should be placed outside the FOV.

•

Training
o The level of training in radiological protection should be
commensurate with the level of expected radiation exposure.
o All workers intending to use CBCT for diagnostic purposes
should be trained in the same manner as for diagnostic CT, and
those intending to perform interventional CBCT should be
trained in the same manner as for interventional CT.
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Intersocietal Accreditation Commission (IAC)
The IAC Standards and Guidelines for Dental/Maxillofacial Computed
Tomography (CT) Practice Accreditation Using Cone Beam Technology (2015)
IAC has many requirements including but not limited to:
• training and experience requirements for the medical and technical staff;
• a medical physicist annual survey;
• a radiation shielding verification;
• equipment maintenance, written safety and operational policies and
procedures; and
• ongoing equipment quality control and a quality improvement program to
include at a minimum an annual review of the safety policies and
procedures for patients and staff.
•

Recommendation for Use
Verification of the Indication: A process must be in place in the facility
for obtaining and recording the indication before the study is performed.
The indication must be verified and any additional information needed to
direct the examination, must be obtained.
o Recommendations for use specify when it is appropriate to perform
a medical procedure or service.
o An “appropriate” procedure is one for which the expected health
benefits exceed the expected health risks by a wide margin.
o Recommendations are evidence-based, are promulgated by medical
specialty and professional organizations, but in the absence of
sufficient evidence, may be derived from a consensus of expert
opinion.

•

Equipment Performance and QA/QC and Safety
o Acceptance Test: Test results performed at the time of installation
or after major system upgrade or relocation of the CT unit.
o Medical Physicist Annual Survey, to include image quality,
phantom images and radiation dose assessment, must be
submitted to the IAC and kept on file [21 CFR 1020.33. Computed
tomography (CT) equipment].
o Radiation Shielding Verification Survey (post-installation).
o Five days of daily QC test with test results and corresponding
phantom images.
o Patient dose documentation for all procedures and facility
diagnostic reference levels should be established.
o Review of patient and personnel dose at quality improvement
meetings (required).
o Policies and procedures for contrast sensitivity, pregnancy, and
medical emergencies.
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•

Training
o Medical staff (physicians) credentials/license and
training/experience including initial and ongoing radiation
safety instruction.
o Technical staff (RT and dental operators) credentials and
training/experience including initial and ongoing radiation
safety instruction.
o Medical Physicist training and experience requirements.
o Continuing education is required for the medical, technical and
the medical physicist to include radiation safety instruction.

National Council on Radiation Protection & Measurements (NCRP)
NCRP Report No. 177 - Radiation Protection in Dentistry and Oral & Maxillofacial
Imaging (2017)
•

Recommendations for use
o CBCT should not be obtained solely for the purpose of
producing simulated bitewing, panoramic, or cephalometric
images and should not be used for routine or serial orthodontic
imaging.

•

Equipment performance and QA/QC
o Manufacturers should develop values and dose metrics necessary
for the calculation of effective dose in order to allow an estimate of
risk for each acquisition.
o The QC program for each facility must be customized to the
imaging modalities in use and established with consultation of a
qualified expert.

•

Training
o Dental practitioners who have not received CBCT education as
part of their pre-doctoral or postdoctoral education shall
acquire equivalent understanding of the basic radiation safety
aspects of CBCT imaging and sufficient knowledge in the
indications and limitations of CBCT imaging.
o Dental personnel should be adequately trained in the proper
operation and safety of the units. They should demonstrate
adequate knowledge of different protocols affecting the image
quality and radiation dose to the patient.
o All operators shall complete training on each individual CBCT
system they will be using, as provided by the manufacturer.
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o Every person who operates CBCT equipment, supervises
equipment, or tests and evaluates functions of equipment shall
have ongoing continuing education in the safe and effective use
of that equipment.
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APPENDIX E
SURVEY RESPONSE SUMMARY

A survey was sent to all fifty state radiation programs via Survey Monkey on
January 26, 2015, to ascertain how states manage CBCT machines for
regulatory purposes. Twenty-four states submitted information. Some states
did not answer all questions. The states that responded include Alabama,
Alaska, Arkansas, Connecticut, Delaware, Hawaii, Illinois, Louisiana, Maine,
Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Nebraska, New
Jersey, New York, North Dakota, Oregon, Pennsylvania, Tennessee, Virginia,
Washington and Wisconsin.

Survey Questions
•

How does your state register CBCT units?
o Eight states consider CBCT in the same category as
conventional CT.
o Seven states classify CBCT as standard radiographic machines.
Four of these states classify CBCT according to machine use
and register them as dental machines.
o One state classifies machines as CBCT stationary, mobile, nonhospital, hospital, dental, medical, or veterinary.
o One state registers CBCT as dental machines for strictly
registration fee purposes.
o Arkansas CBCT machines are regulated under the State Dental
Board.

•

Does your state currently have written guidance for CBCT?
o Two participating states had written guidance.
o Four states have begun the process of developing written
guidance.

•

Does your state currently have an active or proposed protocol for state
radiation control staff to use during inspections of CBCT units?
o One participating state has a protocol for inspections.
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o Four states have begun the process of developing written
guidance.
•

Does your state require a physicist survey of CBCT units?
o Ten states require a physicist survey.
▪ Six states require acceptance testing.
▪ Seven states require annual physics testing.
▪ Two states require biennial physics testing.
o One additional state requires a physicist survey on new
assemblies and at least biennially thereafter.

•

Does your state require operator certification for CBCT?
o Nine states require operator certification of some kind.
o Five states require a radiologic technologist or equivalent for
medical facilities.

•

Does your state require certification or accreditation for CBCT?
o One state requires certification of medical facilities.

•

Do you have any suggestions that you feel are important and need to
be included in these guidelines?
o Two states requested shielding requirements.
o One state requested definitions of CT and CBCT.
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APPENDIX F
TABLE OF CBCT SPECIFICATIONS AND TOLERANCES
The table was created using internet data and product brochures. The Task
Force recognizes that the table is incomplete and will require future updating.

Table A – 1. CBCT Specifications and Tolerances.
Manufacturer

Model

kVp
Available X-Ray Exposure
Available mA
Time (s)

3M

Iluma

120

1 - 3.8

Biolase
Carestream
(Kodak)
Carestream
(Kodak)
Carestream
(Kodak)
Carestream
(Kodak)

DaVinci

90

10

7.8 for 190°,
20 to 40 for
360°
10, 15, 20, 30

CS 8100

60 - 90

2 - 15

7 - 15

CS 9000

60 - 90

2 - 15

CS 9100

60 - 90

2 - 15

CS 9300

60 - 90

2 - 15

Gendex

GXCB-500 HD

120

3-7

Gendex

GXDP-700 (SC)

57 - 90

3.2 -16

2.3 – 12.6

5, 8.9, 14.7,
26.9
11 - 17

Gendex
Imaging Sciences
International
Imaging Sciences
International
Imaging Sciences
International
Imaging Sciences
International
Imaging Sciences
International

GXDP-800

57 – 90

3.2 – 16

1.2 – 9

10-20

i-CAT Classic

120

3-7

20

i-CAT

120

3–7

20

i-CAT Precise

120

5

120

5

90 - 120

3–5

i-CAT
Next Generation
i-CAT FLX Series
V9, V10, V17

Scan Time (s)

12 - 18

4.8, 8.9, 12.6,
23
5, 8.9, 14.7,
26
2 – 7.4

4.8 – 26.9
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Manufacturer

Model

Instrumentarium

OP 200 Series

kVp
Available X-Ray Exposure
Available mA
Time (s)
57 - 85
2 - 16
2.7 - 14.1

Instrumentarium

OP 300

57-90

3.2 – 16

2.34 – 12.5

10 – 20

Instrumentarium

OP 300 Maxio
Versaviewepocs
3D
3D R100

57-90

3.2 – 16

1.2 – 9

10 - 40

60 - 80

1 - 10

9.4

60 – 90

1 – 10

9.4

1 – 10

9.4

1 – 10

5.4 – 15.8

Planmeca

3D F-40
60 – 90
3 D Accutomo
60 – 90
170
Proline XC
60 - 80

4 - 12

2.5 - 18

Planmeca

Promax 3D

50-96

1 – 12

6 – 15

Planmeca

3D S

54 – 90

1 – 14

7.5 - 27

Planmeca

3D Classic

60 – 90

1 – 14

9 - 27

Planmeca

3D Plus

54 – 90

1 – 14

2 - 33

Planmeca

3D Mid

54 – 90

1 – 12

2 - 33

Planmeca

3D Max

54 – 90

1 – 12

2 - 33

NewTom

VGi

110

1 - 20

NewTom

VGi evo

NewTom

Giano

60 – 90

1 – 10

NewTom

GO 2D/3D

90

4 – 15

NewTom

5G

110

1 – 20

3.6 – 6.7

18 - 36

NewTom

VGi Flx
Excelsior
(Pro, Plus, Ex)
Eclipse
Galileos
Compact
Galileos Comfort
Galileos Comfort
Plus
Orthophos SL 3D
Orthophos XG
3D

110

1 – 20

3.6 – 6.7

18 - 36

60 – 110

1–6

5.2 – 23.6

90

4

8.7 – 17.4

J. Morita
J. Morita
J. Morita
J. Morita

Prexion 3D
Prexion 3D
Sirona
Sirona
Sirona
Sirona
Sirona

Scan Time (s)

12 - 30

15
3.6 – 9

18
6.4 – 16.8

14
85

5-7

2-6

14

98

3–6

2.5 - 14

60 – 90

3 – 16

2.5 - 14

60 – 90

3 – 16

2.5 - 14
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Manufacturer

Model

Sorodex

Cranex 3D

kVp
Available X-Ray Exposure
Available mA
Time (s)
57 - 90
4 - 16
2.3 – 12.6

Sorodex

Cranex 3Dx

57 – 90

4 – 16

1–9

10 – 40

Sorodex

3D Endo

57 – 90

4 – 16

2.3 – 12.6

1 - 20

Sorodex

Excel and Basex

63 - 81

6 & 10

Suni

Suni3D

40 - 90

2 - 10

Vatech

Master 3Ds

40 – 90

2 – 10

15 - 24

Vatech

PaX-Reve 3D

120

4 – 10

15 - 24

Vatech

i3D Smart

50 - 99

4 – 16

18

Vatech

I3D Premium

60 – 120

4 – 10

18

Vatech

PaX - i3D

50 – 90

4 – 10

15 - 24

Vatech

Pax – i3D Green

50 – 100

4 – 16

5.9 - 9

Xoran

MiniCAT

120

7

Xoran

MiniCAT IQ

120

7

Scan Time (s)
10 - 20

16
8.3

11.5 – 14

10 - 20
10, 20, 40
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