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Clinical considerations and potential
liability associated with the use of
ionizing radiation in orthodontics

Ahmad Abdelkarim? and Laurance Jerrold®
Jackson, Miss, and Brooklyn, NY

lonizing radiation is a known carcinogen. Its damaging effects can be deterministic or stochastic. Deterministic
effects occur only after radiation exposure thresholds are reached, but stochastic effects are random, and there
is no known threshold below which harmful effects will not occur. Therefore, the use of ionizing radiation in or-
thodontic treatment should bring a benefit to the patient that outweighs the risks. No legally binding statutes,
rules, or regulations provide explicit radiographic prescription protocols for orthodontic practice. The objective
of this article was to discuss guidelines and risk management strategies for appropriate and defensible use of
ionizing radiation in orthodontics. Guidelines are discussed for radiographic acquisition at different points along
the orthodontic treatment timeline. In addition, risk management strategies and best practices are presented
regarding adequate and defensible radiographic interpretation. These guidelines are not rigid and do not estab-
lish standards of care; they should be modified as necessary for each patient and each clinical encounter. (Am J

Orthod Dentofacial Orthop 2018;154:15-25)

onizing radiation is one of the world’s most stud-

ied carcinogens. Its damaging effects are either

deterministic or stochastic. Deterministic effects
cause tissue reactions and occur only after certain ra-
diation exposure thresholds are reached. They are not
reached for exposure levels used in dentistry,
including orthodontics; hence, only stochastic effects
can occur. Stochastic effects are random; the main
concern is the risk of cancer induction. The likelihood
of a stochastic effect is proportional to the dose: the
higher the dose, the greater the risk. This risk is also
age dependent; it is highest in children and lowest
for the elderly.'

Children, who comprise most orthodontic patients,
are at highest risk because they are sensitive to radiation
and have a long life span; therefore, radiation-induced
cancer with a long latent period may be expressed later
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in their lives.” In general, the exposure to low-dose radi-
ation during childhood results in a small, insignificant
increase in the lifetime risk of fatal cancer.”*
Unfortunately, there is no known threshold below
which no harmful effect will occur. Therefore, the
diagnostic value of a radiographic imaging study needs
to be balanced against this risk.”

Dental radiography is 1 basic tool for diagnosis; when
ionizing radiation is used appropriately, it brings bene-
fits that outweigh the low, future, and theoretical risks
of the radiation received.® There is no legally binding
statute, rule, or regulation that outlines clear radio-
graphic prescription protocols in orthodontic practice,
including which radiographs to prescribe or not to pre-
scribe.”

The objectives of this article were to review relevant
evidence and to discuss general guidelines and practices
that can assist orthodontists in evidence-based clinical
decision making for justifiable, defensible, and sensible
radiographic acquisitions at different points along the
orthodontic treatment timeline: initial, progress, and
final. Additionally, evidence-based guidelines are pre-
sented regarding the acquisition and radiographic inter-
pretation of cone-beam computed tomography (CBCT)
scans.

These guidelines are not meant to provide legal
advice or establish professional rules or standards of
care. They should always be modified as necessary for
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each patient and each clinical encounter. All guidelines Initial radiographic acquisition in orthodontics
or regulations on the use of ionizing radiation have
changed over time and often vary by location and situ-
ation in the United States and abroad.

After reviewing the patient’s health history and
completing a clinical examination, radiographs should
be considered if they are likely to provide confirming
or clarifying information that can affect the diagnosis

General guidelines for radiographic acquisition and treatment.'* Because each patient is different, there
From a purely risk management perspective, not tak- is no indication for taking a standard or the same series
ing a clinically necessary radiograph is worse than taking of radiographs for all orthodontic patients.'
an unnecessary one. Beyond risk management, it is To establish a comprehensive diagnosis for most or-
widely considered beneath the standard of care to thodontic patients, case-specific radiographs are neces-
initiate orthodontic care without first acquiring proper sary for the patient’s benefit.'” With the ever-increasing
diagnostic information. A clinician who begins ortho- quality of radiographic machines and images, the com-
dontic treatment without appropriate radiographs bination of pretreatment panoramic and cephalometric
necessary for creating an adequate and appropriate radiographs appears to be appropriate and sufficient in
diagnosis and treatment plan may be breaching the most cases.'”'°
standard of care.” For initiating orthodontic therapy, a panoramic
Radiographic imaging is justified if there is an ex- radiograph has many advantages and provides much in-
pected benefit to the patient. No dental organization formation, including the status of dental develop-
or any authority can make clear rules on when and which ment.'” This single image provides an excellent and
radiographs to take, because each clinical encounter and broad view of a variety of structures, including maxillary
each patient are different. A minor finding during a clin- and mandibular dentitions, adjacent structures, and
ical examination could make or break the decision on temporomandibular joints, and is quite helpful for pa-
which radiographs to take, if any. tients with asymmetry.'® The panoramic radiograph is
The American Dental Association and the Food and simple to obtain and easy to interpret and explain to pa-
Drug Administration provide general and broad tients.
guidelines for dental radiographic examinations and Whereas a panoramic radiograph of good quality can
recommendations for patient selection.”'® For new show a significant amount of information, it comes with
adolescent and adult patients with permanent 3 main limitations. First, it lacks the fine detail required
dentition, they advise an “individualized radiographic to diagnose and monitor carious lesions and periodontal
examination consisting of posterior bitewings with status, and the objects outside the focal trough will not
panoramic examination or posterior bitewings and be shown in detail.'” Second, the panoramic radiograph
selected periapical images; a full-mouth intraoral isnot dimensionally accurate and may include geometric
radiographic examination is preferred when the patient distortion and unequal magnification throughout the
has clinical evidence of generalized dental disease or a image.'® Third, panoramic radiography requires the pa-
history of extensive dental treatment.”” These recom- tient to be positioned accurately in the focal trough.'®
mendations were made for dentistry overall but not To do so, it is valuable to follow the manufacturer’s rec-
specifically for orthodontics. ommendations for patient positioning, including the
The process of prescribing radiographs in orthodon- appropriate use of light beam markers.' Staff members
tics is based on the practitioner’s clinical judgment for a should be able to identify patient positioning errors
particular patient’s presentation, and the ALARA and optimize the quality of patient positioning during
directive—keeping radiation as low as reasonably achiev- panoramic radiography.
able—should be adhered to.'' Because most orthodontic The value of the initial cephalometric radiograph,
patients are children, the ALARA directive is heightened when appropriately acquired, should not be ignored. 1t
in orthodontics.'” can be useful for assessing growth and dental and skel-
In general, the justification for taking radiographs is etal relationships.'® However, it may not be necessary for
based on each patient’s presentation including consider- some patients who have mild crowding or spacing, or
ations of the chief complaint, the medical and dental when a limited treatment plan will not change the max-
history, and the requirement to diagnose, monitor, or illomandibular relationship.”® For example, an adult
examine the need, status, or outcome of a procedure with a chief complaint of mild crowding or spacing of
or treatment.'” Radiographs should always be prescribed the anterior teeth who requests limited treatment is un-
after (not before) a clinical examination has been per- likely to benefit from a cephalometric radiograph; taking
formed.”'° this image is unlikely to change the treatment plan or the
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final outcome.”” Generally, when the incisor relationship considered to improve diagnosis. 1t uses a 2D detector
does not require a significant change, a cephalometric and a divergent and cone-shaped source of ionizing ra-
radiograph is not required.”' Some studies have inferred diation; hence, its name.”® CBCT imaging can provide
that cephalometric radiographs do not significantly in- accurate submillimeter resolution images in 3 dimen-
fluence treatment decisions.”** In addition, there is sions. These images serve a number of diagnostic pur-
no evidence to support the value of the cephalometric poses in orthodontics.”
radiograph for predicting facial growth.”* Therefore, The acquisition of CBCT imaging can improve the
for some patients, if treatment decisions can explicitly diagnosis in selected orthodontic patients, by providing
be made without the cephalometric radiograph, and 3-dimensional evaluation of anomalies in dental posi-
this image will not influence treatment decisions, the tion (impacted or ectopic teeth), dental structural anom-
benefit to the patient becomes questionable, in which alies, dentofacial deformities, airway insufficiencies,
case cephalometric acquisition may be unnecessary. temporomandibular joints, and pathologies.”” CBCT
Whereas panoramic and cephalometric radiographs can also be used to assess craniofacial anatomy, alveolar
in combination are sufficient for most patients, in boundary conditions, maxillary transverse dimensions,
some circumstances other imaging techniques should vertical malocclusion, and obstructive sleep apnea.”’’
be considered: when more accuracy or information is Advanced applications of CBCT imaging in craniofacial
needed, and when an object needs to be visualized in orthodontics include the evaluation of skeletal and
3 dimensions. These examples support the contention soft tissue asymmetry, effects of expansion, and bone
that the same set of pretreatment radiographs should in a cleft site.””
not be routinely prescribed for every patient.”’”” In Furthermore, CBCT can alter treatment planning de-
these situations, other radiographic imaging cisions, notably for patients with impacted maxillary ca-
techniques should be considered. nines,””° unerupted teeth with questionable locations
1f more accuracy or information is needed, intraoral or delayed eruption, severe root resorption, or severe
periapical radiographs should be considered because skeletal discrepancy.’’ Although the benefits of CBCT
they are usually more accurate than panoramic radio- in orthodontics cannot be ignored, the orthodontist
graphs for specific diagnostic tasks such as the evalua- must be able to justify that CBCT images bring a benefit
tion of root resorption, root shape, and status of the to the patient over what can be obtained via 2D imag-
alveolar bone.”®”” Periapical radiographs are also ing.'
excellent for periodontal and caries diagnoses.'” The Despite the potential of CBCT to alter treatment
radiographic evaluation of periodontal status, incipient planning decisions, some authors believe that CBCT
caries, and calculus deposits is best made from periapical does not necessarily improve the outcome of orthodon-
and bitewing radiographs. Periapical radiographs will tic treatment.”®*° In other words, although CBCT might
also show areas of bone loss, root anatomy, possible improve diagnosis and influence treatment planning,
furcation involvements, apical radiolucencies, and the outcome in general may be similar or comparable
widened periodontal ligaments.'® Therefore, when the if 2D radiographic imaging had been used. It is
panoramic radiograph is insufficient for evaluation of generally difficult to know the value of CBCT imaging
these findings, it can be supplemented with intraoral in changing treatment outcomes because most of the
periapical radiographs.'® evidence on its diagnostic performance and efficacy is
Because the diagnosis of caries and periodontal dis- based on observational studies or those with variable
ease is best made by periapical and bitewing radio- hierarchies of evidence.”'
graphs, the orthodontist should not rule out incipient Furthermore, for most CBCT examinations, the effec-
interproximal caries or alveolar bone loss by relying tive radiation doses are greater than those for conven-
only on the panoramic radiograph, even if a high- tional radiographic techniques. To estimate the
quality image is available. It is always prudent to inform stochastic health risk of any radiographic technique
the patient or the parent that the checkup for carious le- that uses ionizing radiation, a radiation protection
sions (or periodontal status) is best made and managed quantity known as the effective dose is used.”” The
by the general dentist (or a periodontist) who will take effective dose is the sum of the equivalent doses to the
intraoral radiographs as needed. organs and tissues exposed, multiplied by the risk-

tissue weighting factors.”” The unit of measurement of

CBCT acquisition in orthodontics the effective dose is the sievert, and it is frequently re-

1f an object needs to be visualized in 3 dimensions or ported in dentistry as microsieverts (uSv). For reference,
2-dimensional (2D) imaging is insufficient for gathering the average effective dose in the United States from the
necessary diagnostic data, CBCT imaging may be ubiquitous naturally occurring background radiation
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(eg, unavoidable environmental exposures such as radon
gas and cosmic rays) is approximately 3000 pSv per
year.”

Table 1 presents effective doses of 2D imaging tech-
niques vs those of CBCT. The effective dose of pano-
ramic radiography is estimated to be 6 to 38 uSv** %
the effective dose of cephalometric radiography is
approximately 2 to 10 puSv,"””"”” whereas the
effective dose of an intraoral full-mouth series is approx-
imately 34 to 388 pSv.”’ On the other hand, the wide
range of reported effective doses of CBCT acquisitions
is 20 to 1025 uSv, which varies between different ma-
chines, fields of view, and certain technique fac-
tors."**%>%0 Most CBCT scanners use dosages that
are within the lower half of this wide range. The high
reported values are mostly for older CBCT units with
variable settings.®' Additionally, these values for CBCT
are relatively smaller than the effective doses of medical
computed tomography head scans, which can be
approximately 1000 to 2000 pSv.°

One industry response to the concern about the long-
term risks of CBCT in orthodontic patients resulted in of-
fering low-exposure alternative scanning options in
newer scanner models.’” This resulted is the availability
of small-volume or quick-scan protocols with low radi-
ation doses that rival those of panoramic and cephalo-
metric radiographs.®” Some authors believe that this
development would make the debate about the CBCT ra-
diation dilemma a historical footnote.”” However, the
recently developed quick scans use 180° rotation and
result in lower resolution and reduction in image quality
compared with standard or high-resolution protocols
that use full 360° rotation. The decreased image quality
in quick scans may render the image insufficient for spe-
cific diagnostic tasks.”’® In addition, the quick scan or
low-dose option features are not consistently available
in many commercially available CBCT units, which still
vary significantly in their radiation dosage ranges and
image quality.'®

Also, the effective doses are averaged across all ages
and for both sexes. At all ages, the stochastic health risks
for female patients are slightly higher than those for
males.®” More importantly, the theoretical risk of these
doses is age-dependent—highest for children and small-
est for elderly patients.” Table 11 presents the age-risk
relationship based on a 30-year-old adult.®” If the rela-
tive attributable lifetime risk based on a relative risk of 1
is given for the adult at 30 years of age, a patient at age
10 to 20 would have a 2-fold risk because the younger
patient has more radiosensitive organs and a longer life-
span.®” On the other hand, a patient above 80 years of
age has a negligible risk because the latent period be-
tween the radiographic exposure and the clinical
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Table I. Effective doses of digital panoramic radiog-

raphy, cephalometric radiography, and CBCT imaging

Estimated range of

Imaging modality effective dose (uSv)

Digital panoramic radiography 6-38
Digital cephalometric radiography 2-10
CBCT 20-1025

Significant variations in effective doses for all radiographic imaging
techniques are reported in the literature.

Table Il. Age-risk relationship based on a relative risk
of 1 for a 30-year-old adult

Age group (y) Multiplication factor for risk

<10 X 3
10-20 X 2
20-30 X 1.5
30-50 X 0.5
50-80 X 0.3
>80 Negligible risk

presentation of a tumor formation will far exceed the pa-
tient’s lifespan.®” In other words, the cancer risk per unit
dose of ionizing radiation is generally higher for younger
patients than for adults.”

The concept of the effective dose becomes more
problematic when applied to young orthodontic patients
exposed to CBCT, because the tissue-weighting factors
used to calculate the effective doses are averaged across
all ages, a practice that ultimately results in neglecting
the radiosensitivity of children and their long life expec-
tancy.'®** Furthermore, with CBCT imaging, several
radiosensitive organs receive higher organ and
effective doses. This is especially true for small
children, because the thyroid gland is closer to the
field of view when imaged than that of an adult.' Effec-
tive dose variations also depend on the child’s age. All
exposure protocols being equal, a small 10-year-old pa-
tient would receive a 30% higher effective dose than an
adolescent, because of the 10-year-old’s smaller size.*

Due to these dilemmas, the evidence on the use of
CBCT is inconsistent, including a wide variety of con-
flicting opinions. Some authors believe that despite the
small increase in radiation dose relative to panoramic
and cephalometric radiographs, the advantages of
CBCT justify prescribing this image for every orthodontic
patient.®” Others believe that the evidence for its efficacy
islacking,”® and some have questioned the ethics of pre-
scribing CBCT for all orthodontic patients.® Conducting
randomized controlled trials has been recommended to
provide an evidence-based approach for prescribing
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CBCT to prove whether it can result in a measurable and treatment.”””? However, each patient is different. For
meaningful patient outcome.™ example, taking radiographs at this timeline is
At present, to aid clinicians in incorporating the especially indicated for traumatized teeth or those with
strongest evidence into patient care regarding the use preexisting root resorption.”* One study showed that
of CBCT, it is reasonable and prudent to follow clinical teeth with blunt or pipette-shaped roots have signifi-
practice guidelines provided by respected dental organi- cantly greater root resorption than do teeth with normal
zations. These guidelines are defensible and are consid- root forms, and the recommendation was made to take
ered a robust source of evidence. The American Dental progress radiographs only 3 months after initiating or-
Association recommends that CBCT imaging in dentistry thodontic treatment in these patients.”” If there is preex-
should be prescribed only when the diagnostic yield will isting or the potential of root resorption, taking
benefit the patient or improve the clinical outcome appropriate progress radiographs becomes widely justi-
significantly.'” The American Academy of Oral and fied to monitor the status of the teeth.”®”” For
Maxillofacial Radiology recommends that the use of assessment of root resorption, intraoral periapical
CBCT imaging in orthodontics should be justified on radiography is more reliable that panoramic
an individual basis, according to the clinical presenta- radiography.”’
tion.”> Several international organizations have pro- 1t has also been suggested that if root resorption is
vided similar recommendations. The comprehensive detected on progress radiographs taken after 6 months,
and sensible British Orthodontic Society guidelines sug- the risk of progressive resorption as treatment proceeds
gest that there is no indication for the routine use of isincreased.”” Therefore, if root resorption is detected on
CBCT imaging for all orthodontic patients.' The Swiss the pretreatment or the progress radiograph, prescribing
Association of Dentomaxillofacial Radiology recom- additional progress radiographs as treatment continues
mends that CBCT imaging in orthodontics is justified can be clearly justified for the patient’s benefit’* and is
only if the expected additional information is therapeu- a reasonable and prudent practice to monitor the health
tically relevant, compared with conventional 2D imag- of teeth and periodontium.'>”®
ing.’ Progress radiographs could also help in monitoring
Therefore, if CBCT imaging would benefit the patient root angulations, which can aid clinical decisions
or change the outcome of treatment when compared regarding bracket repositioning or archwire bending
with 2D radiographs (eg, panoramic and cephalometric), throughout treatment.”® Progress radiographs are also
then its acquisition is justified. The converse is also true. valuable with significant tooth movements such as
Furthermore, taking a large field of view CBCT scan monitoring the traction of impacted teeth’” and to diag-
merely to synthesize a cephalometric image is not indi- nose dental pathology or anomalies that may develop
cated, because a 2D cephalometric radiograph could during orthodontic treatment.'”
have been prescribed without exposing the patient to In addition, progress radiographs can help to detect
the additional radiation.'®®® To do so would be at any carious lesions developing during treatment.”® 1t is
odds with the ALARA directive in radiation valuable to consider collaborating with the referring
protection.®” It is also unjustified to take CBCT images dentist regarding the acquisition of progress radiographs
to merely replace impressions or digital scans that do for patients with a high risk for caries, those with multi-
not use ionizing radiation”’ or to obtain the status of ple preexisting restorations, or those who, despite

16 serious oral hygiene efforts, have rapidly developing

white spot lesions.
In adults with preexisting radiographic bone loss or

a high-tech orthodontic practice.

Progress radiographic acquisition in orthodontics

To monitor or guide orthodontic care, progress ra- clinical attachment loss, progress radiographs allow
diographs (midtreatment radiographs) are often neces- monitoring of the status of the supporting alveolar
sary. Monitoring the status of the teeth through bone.”® Progress radiographs also provide information
progress radiographs is usually necessary to detect any when iatrogenic factors occur during treatment, such
adverse occurrences during orthodontic care.”” For as excessive tooth mobility, abnormal tooth pain, or
example, root resorption is a common and an unpredict- periodontal complications. When these are discovered,
able side effect associated with fixed appliances.”"”” timely alteration of the proposed treatment plan can

Whereas routine radiography is not a recommended be made.'” Finally, progress radiographs can be consid-
practice in dentistry, it is generally an acceptable risk ered to monitor teeth with severe periodontal or pulpal
management practice to consider taking a panoramic injury during orthodontic treatment.®®
radiograph or selected intraoral radiographs approxi- When progress panoramic radiographs are made,
mately 6 to 9 months after the start of orthodontic field limitation and collimation of the radiograph to
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include the dentition only is possible with selected pano- before completion of active treatment could enable the
ramic units. This practice has the advantage of reducing orthodontist to make certain that treatment targets
the radiation dose to the patient and limiting the field of have been achieved.' The final cephalometric radiograph
view to the field of interest (the dentition) during image can be taken at the end of functional appliance treat-
acquisition. ment to evaluate mandibular incisor position, at the

end of presurgical treatment in orthognathic patients,
Final radiographic acquisition in orthodontics and just before the end of active fixed appliance treat-

ment to assess the position of the mandibular incisors.®*
Unquestionably, taking final radiographs is a great
risk management tool, but the controversy will under-
standably continue about whether patients benefit
from these radiographs. Foreseeability of the value of
these radiographs is occasionally difficult, because the
benefit, or lack thereof, would not be recognized until
they are taken. As with numerous clinical circumstances,
the clinical presentation alone may not trigger the need
for radiographic imaging, but without radiographs, a
comprehensive diagnosis may not be possible.”

In many cases, fial radiographs are valuable and can
help with appraising the patient of the outcome of the
treatment.'” These radiographs record the final status of
treatment and are instrumental for both record keeping
and risk management purposes.'” 1t can be postulated
that the final panoramic radiograph, cephalometric radio-
graph, or full-mouth survey provides no specific benefit to
the patient after the completion of treatment.

However, without being able to evaluate the treatment
results of the orthodontic, orthognathic, or orthopedic ap-
proaches that were used, the patient’s best interests may
not be served because the efficacy of the treatment cannot
be comprehensively and reliably assessed.'” Final radio-
graphs could show whether there is any harm to the perio-
dontium or dentition caused by orthodontic therapy, a
discovery that places responsibility on the orthodontist
to disclose these findings and their clinical implications
to the patient.®' Final radiographs also record the status
of the developing third molars and other unerupted teeth.
Therefore, the patient has the right to be informed of his
or her oral health status and to confirm any expectations
associated with orthodontic treatment therapy, which in
turn requires the practitioner to conform to this ethical
and clinical imperative.'”

Posttreatment radiographs could affect clinical deci-
sion making. For example, if severe root resorption is
noted on some incisors and the orthodontist is debating
the choice of a fixed or removable retainer, the resorp-
tion detected on the final radiographs may alter the de-
cision in favor of the fixed retainer. However, final
radiograph acquisition needs to be justified on a case-
by-case basis. For example, it is reasonable and prudent
to avoid taking posttreatment radiographs for patients
undergoing limited treatment of short duration.

To maximize the benefit of the final radiograph, it
can be taken a few appointments before the debonding
appointment, to obtain information helpful with the pa-
tient’s finishing and detailing, such as detecting teeth
with inappropriate root angulations.”® 1f such a radio-
graph is taken a few months before the debond appoint-
ment, a radiograph taken immediately after appliance
removal is usually unnecessary and not beneficial to
the patient.

Taking a final cephalometric radiograph is also case The interpretation of CBCT images poses a distinct li-
specific. A cephalometric radiograph taken a few months ability that is above and beyond that associated with 2D

General guidelines for radiographic interpretation

After the acquisition of any radiographs, it is essential
to interpret them in their entirety. Whether a panoramic
or cephalometric radiograph, a full-mouth survey, or a
CBCT scan, the orthodontist cannot interpret only 1
part or aspect of the image.®”

A comprehensive and successful radiographic inter-
pretation requires the orthodontist to fully understand
the radiographic images and recognize what is normal
vs abnormal on the images. A systematic approach to
reading the entire radiograph should include interpreta-
tion of the teeth, apical tissues, periodontium, and all
adjacent structures.

In general, the orthodontist should always ensure
that any findings are documented in the patient’s chart,
including abnormal findings and pathologies, and
whether these abnormalities require immediate treat-
ment, referral, or observation.® In children, it is valuable
to include specific notes about the stage of the dental
development. 191 adults, it is valuable to record the sta-
tus of the periodontium.'® This is because the incidence
of periodontal disease increases with age, and some
adults may require selected intraoral radiographs to
determine the current status of their periodontium.*

Before taking progress radiographs during treatment,
it is judicious to examine and interpret any images
already in the patient’s file, since new radiographs
should be expected to provide additional or different in-
formation that justifies their acquisition.

Radiographic interpretation of CBCT images
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radiographic imaging. Aside from being the right thing ruler tool in the CBCT imaging software. For any lesion,
to do for the patient, it is widely considered now that indicate the location, shape, margins, density, and rela-
the interpretation of CBCT scans is a legal require- tionship to adjacent structures. Be sure to check for sym-
ment.”>#% It is the responsibility of the practitioner metry of bilateral structures, areas of higher densities
ordering the CBCT images to ensure that the scans are (opacities) or lower densities (lucencies), foreign objects,
adequately interpreted.®?’ Yet as with any other dental relationships to contiguous structures, periapical pa-
procedure, the orthodontist is not required to perform thoses, continuity of cortical outline, medullary spaces,
the radiographic interpretation personally; a referral to and bone trabecular pattern.
a colleague (oral radiologist) who is qualified to com- The best radiographic reports are concise and precise,
plete this task is a viable option.® written in the present tense, and free of vague or redun-
Interpretation of CBCT scans, especially for large dant statements or words.’® They include standard lan-
field-of-view scans, may be technically demanding for guage, a structured format, and consistent content.”” 1f
orthodontists, and one cannot solely interpret volume- further investigations such as radiographic or clinical
rendering views without thoroughly examining axial, studies are recommended based on the CBCT interpreta-
coronal, and sagittal views.®” CBCT volume-rendering tion, the rationale for their completion should be stated
views are insufficient for interpretation because they in the report.
are similar to architectural exemplary illustrations that If the interpretation of CBCT scans s a challenge even
provide the exterior layout but not the interior details.'' for small-volume scans, a viable alternative to the in-
The general concern for large field-of-view scans is that house interpretation of CBCT scans is to consult with
an inappropriately trained clinician interpreting images another practitioner—specifically an oral and maxillofa-
produced by advanced imaging systems, such as CBCT, cial radiologist—to provide a comprehensive interpreta-
could misinterpret the data with subsequent misdiagno- tion and a written report. This is also valuable if the
ses or inappropriate patient treatment.'” Therefore, it orthodontist is too busy to read all CBCT volumes and
would be appropriate to refer to an oral radiologist for prefers to ask a more qualified colleague to do so.
radiographic interpretation, especially for large field- The process includes uploading images to a secure
of-view CBCT scans that include regions in the head server with high-speed Internet, or placing in an appro-
and neck that most dentists are not trained to eval- priate medium and sending to the radiologist who will
uate.””?! then provide a comprehensive radiographic report.
A small field-of-view scan based on the clinical indi- Although this appears to be a simple risk transfer strat-
cation could be considered; this could be determined egy, it comes with 2 concerns and specific risk manage-
based on the region of interest that triggers the CBCT ment strategies to mitigate the risks.
imaging.”” Collimating the scan to the minimum The first concern might involve being exposed to an
coverage consistent with meeting the diagnostic re- Internet data security breach or HIPAA violation as the
quirements and clinical feasibility protects the patient patient’s Protected Health Information (PHI) is being
from unnecessary radiation.”” Therefore, taking a small transmitted over the Internet to a different location
field-of-view CBCT scan has 2 advantages. First, it can where it may not be secure.’® To mitigate risks associated
reduce the effective dose, a major benefit to the pa- with transmitting patient information over the Internet
tient.”>>??* Second, it can shorten the interpretation or by e-mail, only HIPAA-compliant servers and cloud
of the CBCT scan and exclude difficult areas that storage systems and providers should be used; the mini-
require a radiologist to evaluate, a major benefit to the mum of necessary PHI should be sent to the other prac-
orthodontist.”> However, a small-volume scan should titioner, and all PHI should be encrypted appropriately.”’”
not be overcollimated to where the object of interest is The second concern relates to the licensing require-
incompletely included, a practice that could require a ments of the oral radiologist if the patient’s recorded
repeated scan. health information is sent remotely to a radiologist prac-
If the orthodontist chooses to complete the radio- ticing in another state. This practice is called teleradiol-
graphic interpretation for CBCT scans, a sample form ogy: the transfer of radiographs and patient reports to
for interpretation is provided in the Appendix. When re- remote sites. It is critical to verify all rules about teleradi-
viewing the scan, include notations on the image quality ology between the states in which the orthodontist prac-
and the reason for CBCT acquisition. List the most tices, the patient resides, and the radiologist practices.
important findings first, followed by incidental find- To interpret the CBCT scans, licensing requirements
ings.”® Whenever there is a serious finding, ensure that may vary. It has been suggested that the out-of-state
you quantify it, at least using qualifiers (eg, mild, mod- colleague could be required to be licensed in the same
erate, or severe), but preferably measuring it using the state where the orthodontist practices, in his or her state
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only, or in both states.”” In other words, a state dental the benefit will not be appreciated until the radiograph
board may require an out-of-state radiologist interpret- is taken and interpreted.

ing CBCT images for its citizens to be licensed in the Based on the literature and sound risk management
state in which the patient resides.®? In this case, the practices, the following guidelines can be made for
out-of-state radiologist could be required to obtain a li- appropriate, defensible, and sensible prescription and
cense in the orthodontist’s state and carry out-of-state use of ionizing radiation in orthodontic practice.

malpractice insurance coverage, because any party (pa-
tient, licensing board, or insurance company) could
consider teleradiology an out-of-state practice. Failure
to verify these requirements could subject both clinicians

1. Prescribe necessary radiographs after (not before)
clinical examination.
2. Prescribe radiographs only when necessary and

St . / . justified.
to disciplinary actions.®” No orthodontist wants to be 3 JChoose the most approbriate radioaraphic examina-
involved in referring a patient to a dentist without the ) tion PPTop grap

required license to practice, since this could generate
the charge of having made a negligent referral. Licensing
rules apply even if the out-of-state consultation is made
without reimbursement.®”

Some clinicians choose erroneous strategies to limit
their liability for the interpretation of CBCT scans, one
of which is having the patient sign a waiver of liability
for the interpretation. This waiver carries little if any
weight and will be deemed null and void in most legal
proceedings.’”'%’ Another erroneous practice is to
inform the patient that an out-of-state radiologist not

4. Consider CBCT imaging only when it is expected to
yield a benefit to the patient or change the outcome
of treatment over 2D radiographs.

5. Remember that failing to take necessary and appro-
priate radiographs based on the well-intentioned
concern of irradiating the patient could be consid-
ered negligence.

6. Be sure to fully interpret all radiographic images
either personally or with an appropriate referral.

licensed in the patient’s state will read the CBCT scan. SUPPLEMENTARY DATA
This practice does not eliminate possible violations of Supplementary data related to this article can be
the licensing laws, future claims, or troubles for both found online at https://doi.org/10.1016/j.aj0d0.2018.
the orthodontist and the out-of-state radiologist.*” 01.005.
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