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Abstract
Purpose: The As Low As Reasonably Achievable (ALARA) principle was developed to promote awareness and minimization 
of radiation exposure and is supported by radiation control and professional organizations. The purpose of this study was to 
determine licensed dental hygienists’ current radiation safety practices.

Methods: Data were collected with a 22 item, online survey administered to a convenience sample of 1,500 dental hygienists 
in the United States. Questions focused on respondents’ use of the American Dental Association (ADA) radiographic 
examination selection guidelines, their individual dental practice policies, and hand-held portable x-ray device use and 
training. Cross tabulations were obtained using logistic regression and general linear models for significance at a 0.05 level.

Results: A response rate of 38% (n = 566) was obtained. A majority of respondents had an associate’s degree (62%), were 
over the age of 55 (41%), and had over 30 years of experience. Respondents with more years of experience were more likely 
to follow the ADA selection criteria for radiographic need (p=0.0340; SE=0.1093) and respondents with a bachelor’s degree 
or higher were more likely to use techniques to reduce radiation exposure than those with an associate’s degree (p=0.0080; 
SE=0.0169). Respondents who had recently taken dental radiation safety continuing education courses were significantly 
more likely to wear a clinician lead apron when using a hand-held x-ray device (p=0.0093; M=1.571; SD=1.222).

Conclusion: Dental hygienists with more years of experience, a higher level of education, and recent CE course work were 
more likely to follow ADA radiographic examination selection guidelines and use appropriate techniques to reduce exposure 
to ionizing radiation.
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Introduction 
Dental radiographs are an essential component of 

comprehensive oral care, disease management and diagnosis; 
however, there are risks associated with the ionizing radiation 
needed to image teeth and the surrounding bone.1 Ionizing 
radiation emitted to produce dental radiographs contains 
enough energy and has the potential to form unstable atoms and 
damage DNA;2,3 therefore, the As Low As Reasonably Achievable 
(ALARA) principle was developed to promote awareness and 
minimization of radiation exposure.1,4-8 Long-term effects of low 
doses of radiation over time are not well known, but may be 
associated with embryological defects, low birth-weight babies, 
cataracts, genetic mutations, salivary gland tumors, and thyroid 
cancer; thus, making it increasingly important to keep all 
radiation exposure as low as possible.2-4 ALARA is supported by 
numerous radiation control and safety professional organizations, 

Research

including the American Dental Association (ADA), the National 
Council on Radiation Protection and Measurements (NCRP), 
and the International Commission on Radiological Protection 
(ICRP), and is recommended for adoption and implementation 
by dental professionals.2,4,8  

Patient selection

The ADA has provided selection criteria for prescribing 
and establishing appropriate intervals for dental radiographs 
as well as the various types of radiographs based on individual 
needs, giving dental professionals recommendations for 
application of  the ALARA principle.8,9 ADA selection criteria 
guidelines recommend the use of assessment findings to 
determine the appropriate radiographic images based on the 
individual’s disease state, risk factors, age, current patient status 
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(new or recall), medical and dental histories, and findings 
from the comprehensive clinical examination.7-8 Examples 
of clinical findings used include periodontal involvement 
and loss of clinical attachment in addition to caries risk 
status. Periodontal involvement is an important criterion 
to determine the need for radiographs as the incidence of 
periodontal disease increases with age.10 Patients may not 
always exhibit active periodontal disease clinically; however, 
selected periapical images (PA’s) may determine the extent 
and prognosis of the disease through radiographic bone level 
present and the widening of the periodontal ligament space.8 

Radiation safety 

ADA radiographic selection criteria guidelines recom-
mend use of digital image receptors with the ability to 
limit radiation exposure.6,8 Study results by Berkhout et al. 
identified up to 55% reduction in radiation exposure when 
comparing digital imaging to E-speed films.11 Direct digital 
image receptors (wired sensors) may be considered more ideal 
in terms of radiation safety as they have a narrower dynamic 
range as compared to the wider range of photostimulable 
phosphor (PSP) plates.11-14 It is important to maintain a goal 
of producing diagnostic radiographs while decreasing patient 
and clinician exposure to ionizing radiation.

Other safety measures to reduce radiation exposure 
include equipment factors, such as the shape and length of 
the position indicating device (PID) on the x-ray tubehead.  
Rectangular PIDs minimize radiation exposure compared 
to round; longer PIDs reduce radiation compared to short 
PIDs.6,8,15 Due to the potential of scatter radiation exposure 
for dental professionals, all safety measures should be taken 
to minimize operator radiation exposure.16 Defective x-ray 
machines may result in drifting of the PID, increasing the 
need for retakes. Additionally, x-ray equipment must be 
checked periodically to ensure proper functioning as required 
by state and federal law.6 Operators should never hold the 
x-ray unit or have their hand in the path of the primary x-ray 
beam during an exposure.15

Key safety features also include exposure factors such as: 
milliamperage (mA), exposure time, and kilovoltage (kV) 
settings.  These exposure factors should be modified depending 
on varying bone densities within the oral cavity.  Higher 
exposure settings are needed to image areas with greater bone 
density, while lower exposure settings image less dense areas.17 
When exposing pediatric patients to radiation, it is important to 
consider that bone structures of children under twelve years old 
are typically less dense than those of adults;8 therefore, exposure 
times should be reduced by approximately 30%.18  Children 
may also be more susceptible to radiation injury compared to 

adults because of their younger, more rapidly dividing cells.7,19 
If variable exposure settings for kVp and mA are available on the 
unit, the dental professional should ensure that the appropriate 
settings are used based on patient size and area of the oral cavity 
being exposed. In the absence of variable kVp and mA settings, 
exposure time may need to be adjusted to compensate for 
patient size and the area being irradiated. 

Lead or lead equivalent aprons are also important safety 
measures as they protect the patient from scatter radiation 
that might impact critical organs and tissues. A thyroid collar 
should be provided in addition to lead aprons for thyroid 
gland protection and should be used for all children, women 
of childbearing age, and pregnant women.7,8,15-16,20-21 Thyroid 
collars have been shown to reduce exposure up to 33% in 
children and 63% in adults.22-23 The National Council on 
Radiation Protection and Measurements (NCRPM) states 
that the patient lead or lead equivalent aprons are not required 
when all the following safety measures are adhered to: use of 
rectangular collimation, fast image receptors, and patient 
selection criteria guidelines.24 Furthermore, the NCRPM 
states that thyroid collars should be used on all patient 
exposures except when there is potential of interfering with 
the examination, which most commonly occurs during the 
exposure of a panoramic image.21,24

Radiographs during pregnancy

Controversy exists on risks versus benefits associated 
with exposure of dental radiographs on pregnant women.  
Current ADA guidelines reference the American College of 
Obstetricians and Gynecologists (ACOG) in expressing that 
exposing pregnant patients to necessary dental radiographs 
during any stage of pregnancy is considered to be safe as 
long as abdominal and thyroid shielding are used.25 ADA 
selection criteria guidelines should be referenced and used for 
determining the type of radiographs for the identified condition 
and whether dental x-rays are necessary and beneficial for 
the recommended treatment. Dental professionals should 
also use digital imaging and fast image receptors to further 
reduce exposure to radiation in pregnant patients. According 
to Matteson et al., there is no evidence to support excluding 
x-rays due to pregnancy;26 however, no studies have been 
conducted due to safety issues in testing pregnant patients.

Radiographic techniques and handheld devices

Proper radiographic technique is also important in reducing 
radiation to eliminate retake exposures.20 The paralleling 
technique should be attempted first, as it is considered the 
gold standard for acquiring periapical images while reducing 
radiation exposure.20,24 An alternative approach, the bisecting 
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angle technique, may result in image distortion and increased 
radiation exposure of the thyroid gland and lens of the eye 
due to the increased vertical angulation of the tubehead.20,27 
To prevent retakes, clinicians should decide on the most ideal 
technique based on the patient’s unique characteristics. 

Handheld radiographic devices, such as the NOMAD™ 
and Nomad Pro 2™ (KavoKerr; Charlotte, NC, USA), are 
frequently being found in traditional as well as alternative 
practice settings due to their ease of use and portability.28 
These handheld devices are often used when a wall-mounted 
x-ray machine is not available such as nursing or private home 
settings or when the patient cannot be moved.29 Practitioners 
should ensure that the handheld device has been certified by 
the Food and Drug Administration (FDA) and that all the 
manufacturer safety precautions are being followed.30 FDA 
compliance inspections must be performed on all dental x-ray 
machines within one year of purchase.30 Safety requirements 
include inherent tubehead shielding, additional shielding 
around the PID, and a leaded acrylic external backscatter ring 
shield.31  In general, scatter radiation is reduced with handheld 
radiographic devices because a smaller area is exposed to 
radiation; however, the backscatter ring shield must also be 
affixed to the device for optimal operator protection.8 

Manufacturers of the NOMAD™ handheld radiographic 
devices advise specific instructions in regards to optimal 
operator protection from backscatter radiation exposure. 
Operators must stand within the significant zone of 
occupancy immediately behind the device shield, ensure the 
backscatter ring shield is placed at the outer end of the PID, 
and keep the PID as close to the patient’s face as possible.8,31 
Radiation protection is considered to be minimized when the 
device is not held at mid-torso, with the PID parallel to the 
floor;31 any operation outside of the protection zone could 
result in backscatter radiation exposure.31 Protective thyroid 
collars and lead aprons are recommended for clinicians when 
operating handheld radiographic devices.8, 31,32 

Regular training is important for ongoing reinforcement 
of radiation safety practices.8 In general, research suggests that 
up to 44% of knowledge is lost within six to twelve months 
after information has been learned;34 therefore, clinicians may 
benefit from review of the safety standards and advancements 
in radiation practice. Little is known about the radiation safety 
behaviors of dental hygienists. The purpose of this study was 
to determine the radiation safety methods currently being 
implemented by practicing dental hygienists in the United 
States (U.S.). 

Methods
The Institutional Review Board of Old Dominion 

University granted approval for this investigator-designed 
survey that utilized a convenience sample of dental hygienists 
in the U.S. who were subscribers of an online professional 
journal (Dimensions of Dental Hygiene, Belmont Publications, 
Santa Ana, CA). An invitation to participate in the survey 
was emailed by the publisher to the first 1,500 subscribers; 
Qualtrics (Provo, Utah) administered the online survey. 
A cover letter was included with the survey explaining the 
purpose, instructions for survey completion, inclusion/
exclusion criteria, and references to contact for questions; 
survey submission was acknowledged as consent to participate. 
Inclusion criteria consisted of dental hygienists currently 
practicing in the U.S. who exposed radiographs. Prior to 
beginning the study, the survey was pilot-tested for content 
and validity on 29 dental hygiene faculty members at Old 
Dominion University.

The survey contained six close-ended demographic 
questions related to education, number of semesters devoted 
to radiology curriculum, primary work setting, age, years of 
experience, and location of current practice. The remaining 
sixteen questions included use of ADA selection criteria 
guidelines, policies implemented by practice settings, and use 
of handheld radiographic devices. Questions regarding the 
ADA selection criteria guidelines and image receptor use had 
responses of yes or no for each question item. Respondents 
answered items regarding their current radiographic technique 
with a 7-point Likert scale with choices ranging from strongly 
agree to strongly disagree. Respondents were asked to answer 
yes or no on whether they ever held the PID in place during 
an exposure. Those who said yes were asked to provide how 
many times they did so in the last 10 years and an explanation 
of the listed situations. Questions regarding the use of a 
handheld radiographic device were presented as yes or no 
questions. Respondents were asked to explain whether they 
aimed the handheld device at their mid-torso level for all 
exposures. Questions describing individual practice policies 
were presented in short answer format. 

The survey was made available for forty-seven days. Non-
respondents were sent email reminders every two weeks.  
Responses were reported and analyzed in group format 
to preserve respondents’ identities. Statistical analysis was 
performed using Statistical Analysis Software (SAS®; Cary, NC) 
version 9.4.35 Data were analyzed for distribution differences 
and statistical significance using descriptive statistics, logistic 
regression models, and general linear models. 
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Results
A total of 566 dental hygienists (n=566) met the inclusion 

criteria for a response rate of 38%. Over one-third (38%) of the 
respondents had been practicing dental hygiene for 31 or more 
years. Sample demographics are shown in Table I. A majority of 
respondents reported always using a patient lead apron (89%) 
and including thyroid collars for intraoral exposures (78%). 
Nearly three-quarters of the respondents (72%) indicated 
using short PIDs for radiographic procedures and only 4% of 
respondents reported using a rectangular PID. Respondents 
reported using the following types of image receptors: D speed 

film (7%), E speed film (6%), F speed film (7%), PSP plate 
(24%), and direct digital image receptor (79%). Over half of 
the respondents (52%) admitted to holding the PID in place 
during an exposure.  Selected explanations of situations for 
holding the PID in place are shown in Table II.  

Regarding radiographic imaging techniques, 61% of the 
respondents reported they somewhat agreed to strongly agreed 
to using the bisecting angle technique as the first choice for 
obtaining periapical images (61%), while 56% reported they 
somewhat agreed to strongly agreed to using the paralleling 
technique first. The vast majority of respondents knew that 
exposure settings should be changed for pediatric patients 
(90%), and three-fourths believed settings should be altered 
depending on the area imaged (Table III).

Table I. Sample demographics (n=566)

Demographic n %

Level of education

Associate’s degree 351 62%
Bachelor’s degree or higher 215 38%
Number of semesters of radiology coursework

One or less 238 42%
Two 240 42%
Three 34 6%
Four 54 10%
Age

20-24 years 13 2%
25-34 years 102 18%
35-44 years 87 16%
45-54 years 131 23%
55 years and above 233 41%
Years of clinical experience

0-10 years 176 31%
11-20 years 76 13%
21-30 years 99 18%
31+ years 215 38%
Region of the United States

West (Alaska, California, Colorado, 
Hawaii, Idaho, Montana, Nevada, Oregon, 
Utah, Washington, Wyoming, Arizona, 
New Mexico)

120 21%

Central (North Dakota, South Dakota, 
Nebraska, Kansas, Minnesota, Iowa, 
Missouri, Arkansas, Louisiana, Wisconsin, 
Illinois, Indiana, Michigan, Ohio, 
Oklahoma, Texas)

191 34%

East (Alabama, Arkansas, Connecticut, 
Delaware, Florida, Georgia, Louisiana, 
Mississippi, Maryland, Maine, 
Massachusetts, New Jersey, New York, 
North Carolina, Pennsylvania, Rhode 
Island, Vermont, West Virginia)

255 45%

Table II. Selected situations for holding the PID during 
an exposure

Children

Patient unable to sit still
Gag reflex
Patient keeps pushing sensor out
Fearful patient

Patient Characteristics

Severe gag reflex
Unable to close/ cannot hold jaw still
Psychological issues
Geriatric patients
Small mouths
Special needs patients
Nervous or anxious patients
Large tori
Wisdom teeth
Edentulous 

Equipment Characteristics

Drifting tubehead 
Lack of stabilization

Ease of Capturing Image

No other way to get the image 
Difficulty with obtaining correct positioning
Steady the sensor
Difficulties with image receptor holding device
Needed for correct angulation 
Extremely challenging images
Emergency situation
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Respondents provided information regarding their practice policies on the 
radiographic exposure of pregnant patients. Ten respondents reported their practice 
does not see pregnant patients and were excluded from the statistical analysis. Of the 
remaining respondents (n=556), 14% had practice policies prohibiting exposure 
of radiographs during pregnancy, while 50% exposed radiographs on pregnant 
patients only in cases of pain or emergency. Twelve percent of respondents reported 
their practice took dental radiographs depending on the patient’s trimester, and 
8% required written permission from the patient’s obstetrician. Two respondents 
indicated that while they knew that radiographs were safe to take on pregnant 
patients provided ALARA principles were followed, their supervising dentist did 
not allow for the radiographs to be taken.   

Regarding the use of handheld radiographic devices,12% (n=67) of respondents 
indicated using a portable device with 57% reporting that they had received training 
prior to exposing patients.  Respondents reported the following safety measures: 
kept the PID as close to the patient’s face as possible (92%), used an external shield 
on the device’s PID (92%), wore a dosimeter badge (22%), and wore a clinician 
lead apron (21%).  Less than half (38%) of the users reported holding the device at 
mid-torso level for all exposures.   

Level of education and the criteria used to determine radiographic need were 
analyzed and statistically significant relationships in the criteria used to determine need 
for radiographs based on years of experience were found (p=0.0340). Further analysis 
identified a statistically significant relationship between a higher level of education 
(bachelor’s degree or higher) and the use of periodontal involvement in particular as a 
criterion for determining radiographic needs (p=0.0462). Criteria used to determine 
the need for radiographs and level of education are shown in Table IV.   

Safe radiographic techniques and level 
of education were also analyzed (Table V).  
Data revealed a significant relationship 
(p=0.0080) between level of education and 
radiographic technique used, suggesting 
clinicians with a bachelor’s degree or higher 
were more likely to use safer techniques 
as compared to those holding associate’s 
degrees. Statistically significant relationships 
were found between level of education and 
the utilization of the paralleling technique 
as the first choice over the bisecting angle 
technique (p=0.0052), altering exposure 
settings depending on the area imaged 
(p=0.0065), and reducing exposure settings 
for pediatric patients (p=0.0347).

Forty-one percent of the respondents 
indicated that they had not completed 
any continuing education (CE) in dental 
radiation safety in the last five years, 
while 34% had taken one course and 
25% had taken two or more courses. 
Frequency of CE courses was analyzed 
with the PID characteristics used by the 
respondents. Rectangular PIDs were used 
more frequently by respondents who had 
participated in CE courses over the past 
five years (p=0.0008). Use of clinician lead 
aprons while using handheld radiographic 
devices was also shown to be significantly 
higher based on the number of radiation 
CE courses taken in the last five years 
(p=0.0093). Results revealed the chances 
of using a handheld radiographic device 
were higher with a lower age range; 23% 
of respondents using portable devices were 
between 20-24 years of age (p=0.0025).

Discussion 
Dental hygienists should be know-

ledgeable about implementing safe 
radiation practices for all patients requiring 
radiographic examinations. Findings from 
this study indicated that participants 
practiced safer radiographic techniques 
with more years of experience along with 
higher levels of education. Results from 
the current study may support the need 
for more continuing education courses in 

Table III. Criteria used to determine radiographic technique 

Radiographic Technique

Somewhat 
agree – 

Strongly 
agree

n(%)

Neither 
agree nor 
disagree

n(%)

Somewhat 
disagree – 
Strongly 
disagree

n(%)

My first choice when acquiring periapical 
x-rays is to put the sensor/film far away from 
the tooth (paralleling technique

322 (56%) 97 (17%) 147 (27%)

My first choice when acquiring periapical 
x-rays is to put the sensor/film as close to the 
tooth as possible (bisecting angle technique).

345 (61%) 101 (18%) 120 (21%)

My decision to use the paralleling technique 
or bisecting angle technique depends on the 
unique characteristics of the patient.

477 (85%) 53 (9%) 36 (6%)

Exposure settings should be altered depending 
on the area imaged. 411 (72%) 99 (18%) 56 (10%)

Exposure settings should be altered for  
child patients. 513 (90%) 37 (6%) 16 (4%)

Exposure settings for digital and film vary. 486 (86%) 58 (10%) 22 (4%)
Intervals for exposing radiographs depend 
on the patient’s disease state and radiation 
exposure history.

490 (86%) 37 (7%) 39 (7%)
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radiographic technique and safety practices in addition to providing areas of 
content to be addressed. 

Equipment Factors

A majority of respondents reported using direct digital image receptors, 
which have a narrower dynamic range than indirect receptors. Direct digital 
image receptors are also capable of alerting the operator when exposure settings 
are outside of the narrow range thus requiring more precise exposure settings 
and less radiation.29 While the majority of respondents used direct digital image 
receptors, most were not adjusting the settings to reduce the exposure time, 

suggesting a need for more education on the 
dynamic range of direct digital receptors.

Eleven percent of participants reported 
that they were not using a patient lead apron 
for all radiographic exposures which may be 
due to meeting all the NCRP requirements 
including rectangular collimation, fast image 
receptors, and following the ADA selection 
criteria guidelines.24  Rectangular collimation 
and long PIDs are recommended to decrease 
the area of the primary x-ray beam and increase 
the distance from the radiation source in order 
to reduce the area exposed and minimize 
scatter radiation.8 Results indicated that about 
one-fourth of respondents did not use thyroid 
protection during intraoral exposures which is 
concerning due to the scatter radiation to the 
thyroid gland that can result when a circular 
PID is used. Thyroid collars should be used 
for all intraoral exposures in the absence of 
rectangular collimation, fast speed receptors 
and the use of the paralleling technique.21,24 

Radiographic Techniques

More respondents used the bisecting angle 
technique as compared to the paralleling 
technique, suggesting a higher chance of retake 
exposures as the bisecting angle technique 
is less precise compared to the paralleling 
technique.20,24 The bisecting angle technique 
also directs the beam toward the thyroid when 
positioning for the maxillary arch. Using the 
appropriate radiographic technique is key in 
reducing patient radiation exposure. 

Outside of the radiographic technique 
utilized, the ALARA principle should be 
followed to minimize radiation exposure. 
However, more than one-fourth of respondents 
indicated exposing radiographs based on 
third party reimbursement. Determination 
of when to take dental radiographs should 
be made based on ALARA principles and the 
patient’s current oral condition, not based on 
the frequency of a third-party payment for 
the diagnostic procedure. 

Just over half of respondents reported 
holding the PID in place during an exposure; 
most frequently while exposing radiographs 

Table IV. Criteria used to determine need for radiographs  
and level of education

Associate’s 
degree 
n=351

Bachelor’s 
degree 
n=215

p-value

Suspected caries 99% 99.5%

0.5913Yes 348 214

No 3 1

Periodontal involvement 97% 99.5%

0.0462Yes 341 214

No 10 1

History of previous radiographs 95% 93.9%

0.4358Yes 335 202

No 16 13

Defective restorations 90.9% 94.4%

0.1274Yes 319 203

No 32 12

Impaction/missing teeth 96% 97.2%

0.4537Yes 337 209

No 14 6

Growth abnormality/delayed eruption 97.2% 96.7%

0.7832Yes 341 208

No 10 7

Suspected pathology 95.2% 97.2%

0.2300Yes 334 209

No 17 6

Unexplained sensitivity/pain 95.7% 97.7%

0.2231Yes 336 210

No 15 5

Third party reimbursement 31% 29%

0.6097Yes 110 63
No 241 125
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on pediatric patients.  In situations where the child is unable to sit still or occlude on 
the biteblock, parents and guardians should be asked to hold the image receptor for 
the child rather than the clinician. 

Another reason for holding the PID in place was in cases when the tubehead drifted; 
however, x-ray machines should require immediate inspection if they are unstable or 
drifting.15  In addition, operators should be familiar with their state board regulations 
regarding the frequency of required inspections, as they vary per state. For example, 
dental x-ray machines are required to be inspected every 3 years in Virginia, every 4 
years in Texas, and every 5 years in Utah.30,36-37 Inspection of the machine may help 
prevent drifting of the tubehead.

Handheld Radiographic Devices

In general, younger respondents reported use of handheld radiographic devices 
more frequently, which may be associated with technologically driven devices, preferred 
by younger dental professionals or due to higher numbers working with homebound 
patients. However, it was of concern that 43% of respondents using handheld 
radiographic devices had not received training prior to use on patients and less than  
half of respondents reported holding the device at mid-torso level. Handheld radio-
graphic devices that are not held at mid-torso level, such as when exposing periapical 

images with increased vertical 
angulation, can generate scatter 
radiation beyond the backscatter ring 
shield creating increased exposure 
for the operator. Respondents were 
either unaware of the importance 
of the mid-torso guideline or they 
stated that it was not possible to 
hold the device at this position 
for all exposures. Operators cited 
making exceptions to the mid-torso 
guideline depending on the difficulty 
of the patient. Modified positioning 
techniques such as moving the chin 
up or down, using image receptor 
holders, and the paralleling technique 
should be used to minimize radiation 
exposure to both the patient and 
the operator. Increasing the vertical 
angulation for periapical images can 
help ensure that the operator is within 
the significant zone of protection 
from backscatter radiation exposure. 

Manufacturer safety guidelines 
and Danforth et al. concur regarding 
use of an operator lead apron and 
thyroid collar if the handheld devices 
are being operated outside of what 
is considered to be the protection 
zone.8,28,31 Respondents in this study 
reported that they were not following 
all the recommended safety measures 
and, in those cases, should be wearing 
operator lead aprons as a safety 
precaution. With the use of handheld 
radiographic devices increasing,31 
operators should be required to have 
proof of training prior to use, similar 
to the guidelines outlined by the 
European Academy of Dento Maxillo 
Facial Radiology.39 

Impact of Continuing  
Education Courses 

Results suggest that CE courses in 
dental radiation safety had a positive 
impact on the safety of radiation 
equipment and the use of protective 
measures, such as use of rectangular 

Table V. Radiographic technique and level of education 

Radiographic Technique Level of Education Mean SD* p-value**

My first choice when acquiring 
periapical x-rays is to put the 
sensor/film far away from the tooth 
(paralleling technique).

Associate’s degree 4.538 1.943
0.0052Bachelor’s degree  

or higher 4.995 1.768

My first choice when acquiring 
periapical x-rays is to put the sensor/
film as close to the tooth as possible 
(bisecting angle technique).

Associate’s degree 3.171 1.747
0.8258

Bachelor’s degree  
or higher 3.205 1.802

My decision to use the paralleling 
technique or bisecting angle 
technique depends on the unique 
characteristics of the patient.

Associate’s degree 5.832 1.383
0.2957

Bachelor’s degree  
or higher 5.958 1.409

Exposure settings should be altered 
depending on the area imaged.

Associate’s degree 5.222 1.468
0.0065Bachelor’s degree  

or higher 5.563 1.392

Exposure settings should be altered 
for child patients.

Associate’s degree 6.074 1.131
0.0347Bachelor’s degree  

or higher 6.270 0.953

Exposure settings for digital and 
film vary.

Associate’s degree 6.077 1.211
0.6755Bachelor’s degree  

or higher 6.033 1.243

Intervals for exposing radiographs 
depend on the patient’s disease state 
and radiation exposure history.

Associate’s degree 5.909 1.399
0.6510Bachelor’s degree  

or higher 5.963 1.339

*Standard deviation  **Level of significance: p=0.05.
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PIDs and thyroid collars.  While dental hygienists would benefit 
from CE courses in dental radiation safety; only about half of 
respondents had taken at least one dental radiation safety CE 
course over the past five years. 

Responses regarding radiation exposure and pregnant 
patients also demonstrate the need for regular CE and up to 
date practice policies. The ACOG states pregnant patients may 
be exposed to dental radiation during any stage of pregnancy 
as long as a need exists and a lead apron and thyroid collar 
are used.25 Responses indicated that many dental hygienists 
were not following ACOG guidelines. Only 1% of all survey 
respondents were following current recommendations; this 
small percentage of respondents indicated knowing that 
radiographs could safely be exposed on pregnant patients as 
long as the ADA selection criteria guidelines were followed. 
Half of the respondents were following old recommendations 
that do not allow for radiographs unless there is an absolute 
need.38 Regular CE on radiation safety would be beneficial 
to keep dental professionals up to date on technological 
advancements and safety regulations within oral radiology. 

Limitations

Limitations to the current study include the convenience 
sample and the relatively low response rate making it difficult 
to generalize the results. In addition, there were significantly 
more respondents from the Eastern (45%) than the Central 
(34%) and Western (21%) regions of the U.S. Radiographic 
techniques and safety regulations may vary in different 
regions of the country. The sample demographics may not 
be a representative cross-section of the dental hygiene U.S. 
population since a majority of the respondents had been in 
practice for at least 31 years, and a majority were aged 55 
years or older. The number of radiology courses taken while in 
dental hygiene school may not have had a direct relationship 
to  the level of radiation safety actually taught and may be a 
limiting factor in the findings of this study. Future studies 
may examine the specific radiography course requirements to 
compare the level of radiation safety taught. 

Conclusion  
Dental hygienists with more years of experience, a higher 

level of education, and recent CE course work were more 
likely to follow ADA radiographic examination selection 
guidelines and use appropriate radiographic techniques to 
reduce exposure to ionizing radiation. Future studies are 
needed to determine effective approaches to improving dental 
radiation safety. 

Content for continuing education courses on radiation 
safety techniques should be developed to address the techno-
logical advances in dental radiography.
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